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ABSTRACT

The influence of microscopic and macroscopic non-stoichiometry on the Solid-Phase Epitaxial Growth of GaAs
has been studied. Ion implantation has been employed to produce microscopic non-stoichiometry via Ga and As
implants and macroscopic non-stoichiometry via Ga or As implants. In-situ Time Resolved Reflectivity and
Transmission Electron Microscopy and ex-situ Rutherford Backscattering Spectroscopy and Channeling have been
used to investigate the regrowth of amorphized GaAs layers. As non-stoichiomerty shifts from microscopic to
macroscopic the interface loses its planar nature and subsequently gets rougher.

INTRODUCTION

Owing to its potential applications in electronic and optoelectronic device fabrication, a number of research
groups have devoted their work to the effects of irradiation-induced damage and subsequent annealing on the semi
insulating properties of GaAs. Low-temperature Solid-Phase Epitaxial Growth (SPEG) of irradiation-induced
amorphous layers of GaAs has been demonstrated (1-7). SPEG is a thermally-activated process. It is the reordering of
the amorphous layer on the underlying crystal structure in an epitaxial manner. In GaAs, the layer immediate to the
substrate is single crystalline bordered by a thick and highly defective layer. The effect of microscopic and
macroscopic non-stoichiometry on interfacial non-planarity is the subject of this report

Amorphous layers with microscopic and macroscopic non-stoichiometry were considered. Macroscopic and
microscopic non-stoichiometry can be formed by implanting As and / or Ga into GaAs where the amount of disorder
for a given dose, is approximately the same for all ion species. In macroscopic non-stoichiometry the one-to-one ratio
of the constituent atoms is not maintained where as in microscopic non-stoichiometry the excess of either of the
constituent atoms is localized. Their effect on the crystalline / amorphous (c/a)-interface morphology during the
regrowth process has been studied using in-situ Time Resolved Reflectivity (TRR) and Cross-Sectional Transmission
Electron Microscopy (XTEM) and ex-situ Rutherford Backscattering Spectroscopy and Channeling (RBS/C), Belay et
al (3). At present we shall concentrate on the TRR analysis.

EXPERIMENTAL

To form amorphous layers of the desired thickness and stoichiometric imbalance, semi-insulating (100) GaAs
substrates were implanted at -196°C with 7$As* ions and / or ^ G a + ions at an energy of 200keV and 190keV,
respectively, to fluences in the range 3el4 - 3el5 /cm^, Belay et al (4).

A schematic diagram of the TRR technique is depicted in Fig. 1. A 3x3 mm^, as-implanted sample of GaAs is
placed on a hot stage kept at a temperature of 260°C in air. In - situ TRR was used to monitor the regrowth process.
Light is reflected from the sample surface and the c/a-interface. When the c/a-interface proceeds towards the surface
the intensity of the reflected light oscillates due to constructive or destructive interference related to the position of the
interface, A or B in the figure. The magnitude of the TRR signal (reflectivity) is indicative of the interface structure,
Licoppe et al (5). The decrease in the intensity of the signal indicates that the structure of the interface is transforming
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from planar to non-planar. Based on this concept we will show how the morphology of the c/a -interface deteriorates
as the non-stoichiometry shifts from microscopic to macroscopic for a given initial amorphous layer width.
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Fig.l Schematic of the TRR technique
used in this study.
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RESULTS AND DISCUSSION

Fig. 2 shows the TRR spectra as a function of fluence for (a) Ga and As, (b) Ga and (c) As implants. Cross
conelating the figures is invalid given differences in gain. However, the figures are internally consistent. In all cases,
during the first ~ 300 sec of annealing time, the attenuation of the modulation amplitude increases with time. This is
characteristic of the roughening evolution of the c/a - interface during regrowth, Licoppe et al (6).
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Fig.2 TRR spectra as a function of ion
dose (a) As and Ga, (b) Ga and (c) As-
implanted GaAs
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In Fig. 3, the ratio of the amplitude of the first oscillation, for the low dose, and the corresponding oscillation,
for the higher doses, as a function of initial amorphous depth is shown. It indicates that the roughening rate of the
interface is greater in the Ga or As-implanted layer than in the Ga-and-As implanted layer. From the same figure it is
evident that the effect of Ga-rich non-stoichiometry has a greater influence than the As-rich case which is in good
agreement with XTEM analysis, Belay et al (7).This is potentially due to the presence of molten Ga precipitates which
may favour rapid regrowth.

Fig.3 Amplitude oscillation of the
reflectivity signal as a function of
amorphous layer width prior to
recrystallization
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CONCLUSION

Macroscopic non-stoichiometry significantly affects the morphology of the c/a-inlerface during the SPEG of
amorphous GaAs layers. Macroscopic Ga-rich non-stoichiometry has greater effect than that of excess As.
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