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Study on 111-V dilute semiconductor alloy on Si substrate
for light emitting devices with strain compensated structure

ABSTRACT

Pseudomorphic formation of optical devices based on I11-V dilute semiconductor
alloys on Si substrate is one of the key techniques for realization of monolithic
optoelectronic integrated circuit. However, strain accumulation related to lattice
mismatch and low quality active materials in the layer structure are essential problems.
This doctoral thesis presents study on strain compensation layer and growth of high
quality GaAsN based dilute nitride alloys as the active material for optical devices on Si
substrate.

First, BGaP and GaPN strain compensation layer were investigated for
applicable to GaP/Si heterostructure. BGaP and GaPN layer over 200 nm thickness can
compensate the compressive strain of GaP layer on Si substrate in cases of B and N
composition of 3%, considering different thermal expansion coefficient between GaP
based alloy and Si substrate. Growth of BGaP layer was demonstrated by
molecular-beam epitaxy equipped with electron beam gun as a B source. The desired B
composition of over 2.1 % couldn’t be achieved, because of supply difficulty of B
species due to low vapor pressure and high immiscibility. These results suggest that
GaPN is suitable alloy as the strain compensation layer for GaP/Si heterostructure,
realistically.

Next, an optimization of growth conditions for self-assembled InGaAsN/GaP
guantum dot (QD) structure was investigated to apply for the active material. The
maximum density of InGaAsN islands was achieved 4.9x10*cm™ with small height
distribution. Luminescence intensity from InGaAsN/GaP QD active region grown on
GaP/Si heterostructure was very low compared to doped Si substrate. It is clarified that
the preparation of high quality crystals at as-grown is necessary, because thermal
annealing is not breakthrough technique for the improvement of luminescence intensity.

The new method for growth of dilute nitride alloys included surface nitridation
and few monolayer regrowth was proposed and application for GaAsN/GaAs single
quantum well (SQW) structure. In case of GaAs(001) surface, good luminescence
properties were obtained with (1x4) surface reconstruction after nitridation. Thinning the
GaAs spacer layer after nitridation was suppressed the formation of localization states
related to distribution of N composition. Additionally, high temperature growth could be
achieved without phase separation. For these effects, high quality GaAsN/GaAs SQW
without degradation of luminescence intensity up to 3.3% of N composition was realized.



