Thermal Oxidation of 11l -V Materials and Heterostructures

R.J. Hussy, R. Driad*, G.l.Sproule, S. Moisa, JW. Fraser,
Z.R. Wasilewski, J.P. McCaffrey*, D. Landhee and
M.J. Graham
Institute for Microstructural Sciences
National Research Courcil of Canada
Ottawa, Canada K1A OR6

*Current address
Nortel Networks
3500Carling Avenue
Ottawa, Canada K2H 8E9

*Current address
Institute for National Measurement Standards
National Reseach Courcil of Canada
Ottawa, Canada K1A OR6

11 -V materials, unlike sili con, do not form high-quality
native oxides and in some ways, this has hampered the
development of optoeledronic techndogy. The oxidation o
11 -V compounds, particularly of GaAs, has been studied
extensively in the past, however, in effortsto try to produce
succesgul metal-oxide-semiconductor field-effed transistors
(MOSHETSs). Emphasiswas placed onanodic oxidation.
More recantly, both anodic and thermal oxidation data for
AlGaAs and queternary systems have been reported (1-7)
and the Al-containing oxides have been foundto possess
goodinsulating charaderistics (3,4). The oxidation
methoddogy can also be extended to InP-based devices
where, e.g., InAlAs could serve & the oxidation layer (8).
Thus, Al,O,-containing layers offer promise asinsulatorsin
[11-V technology.

This paper focuses on the charaderizaion o thermal oxides
on GaAs and eterostructures for GaAs- and InP-based
devices, for example, those used in verticd cavity surface
emitting lasers (VCSELS) or heterojunction hipolar
transistors (HBTs) which are comprised of AlGaAs
sandwiched between GaAs layers or InAlAs sandwiched
between InGaAs and/or InP layers. The relative oxidation
rates of planar surfaces of GaAs and AlGaAs, aswell asthe
relative lateral oxidationratesin GaAs- and InP-based
heterostructures have been determined. The objediveisto
preferentially oxidize AlGaAs or InAlAsto produce a
insulating alumina layer in device structuresin an attempt to
improve device performance

GaAs (100), ~ 2.5 pm-thick layers of Al ,Ga, As, GaAs-
based heterostructures (GaAg/Al, Ga,_ As/GaAs, with x

values of 0.25and 0.75), and InP-based heterostructures
(InGaAg/INAIAYINGaAYINnP) were thermally oxidized over
the temperature range 300-500°C in avariety of
environments - pure oxygen and moist air (air bubbled
through H,0 at 25° or 95°C) and moist nitrogen (N, bubbled

through H,0 at 95°C).

Results will be presented onthe chemicd charaderization of
the films, and the relative oxidation rates of GaAs and
AlGaAs, and o GaAs- and InP-based heterostructures. The
kinetics and medchanism of oxidation depend onthe
particular oxidant. Seledive oxidation of Al-containing
layersisoptimized by oxidationin moist nitrogen. Oxide
compoasitions and morphdogy of the various layers have
been determined by Auger, XPS SEM and TEM. Eledrical
measurements will be presented onoxidized INAIAYINGaAs
heterostructure diodes.
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