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Abstract

In this dissertation, Ge,Si;"metamorphic buffer’ layers were used for the growth
of the III-V material on the Si substrate. Using Ge/GeSi;.x metamorphic structure as
the buffer layer, the thermal expansion mismatch and the lattice mismatch problems
of the interface between GaAs and Si was solved. The use of Si" pre-ion-implantation
combined with a Ge,Si;.x metamorphic buffer structure for the growth of the Ge layer
on Si substrate was proposed. Enhanced strain relaxation of the GexSi;x metamorphic
buffer layer on Si substrate was achieved due to the introduction of point-defects by
heavy dose Si" ion-implantation. Because of both strain relaxation enhancement and

the interface-blocking of the dislocations in the Ge,Si;.x metamorphic buffer structure,
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the total thickness of the buffer layer was only 1um. The thinner buffer structures are
preferred for the growth of the GaAs layers on Si substrate due to the large thermal
expansion difference between these two materials.

We demonstrated epitaxial growth of AlGaAs/InGaAs HEMT grown on Si
substrate with Ge/Ge,Si; buffer is demonstrated for the first time in this study. The
electron mobility in the Ing;3Gags,As channel of the HEMT structure grown was
3,550cm?/Vs. After process, the HEMT device demonstrated a transconductance of
155 mS/mm and a saturation current of 150 mA/mm when the drain-source voltage
(Vps) was 1.5V. After isolation etched, the HEMT structure demonstrated a leakage
current of 0.016pA/um when the bias voltage was up to 14.2V.

A high mobility InAs channel MHEMT structureé was also grown on Si substrate
with 6° off angle toward to [110]. The Hall measurement shows that the electron
mobility of the InAs MHEMT grown on Si was 27,300 cm?/v-s. A novel Ge/Ge,Si;.x
buffer layers were used as the buffer and were grown by using UHV/CVD method.
The AlGaSb/AlSb/GaAs layers were grown by MBE process to accommodate the
lattice strain induced by the large lattice mismatch of 7 % between the AlGaSb/InAs
HEMT structure and the Ge layer.

Self-assembled Ing,,Gap7sAs quantum dots (QDs) on Si substrate by metal

organic vapor phase (MOVPE) with Ge/SiGe as buffer layer grown were investigated.



Transmission electron microscopy (TEM) and atomic force microscopy (AFM)

images were used to observe the size and space distribution of the Ing2,Gag73As QDs
grown on the GaAs/Ge/GexSii/Si layer structure. The influence of the growth
temperature on the QDs size and density distribution was investigated. For QDs
grown at 450°C, the density of the Ing,,Gag 7sAs dots was estimated to be 1x10" cm™

2 , the average size of Ing2,Gag 73As QDs were 20nm and PL spectrum was 110nm.
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