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1. Introduction
Because of their superior physical and chemical properties,

gfouplll nitrides have been one of the most promising
candidates as materials for application to light emitters such

as LEDs and LDs in the region from the W to the visible.
They are also applicable to high-power and high-qpeed

transistors, which are able to operate in tnrsh environments

and at high temperatures.

To realize such novel devices, it is essential to gro-w high-
quality nitride crystals, and to control their electrical
conductivity. Duing the last two decades, much pioneering
work has been done on GaIlI from the fundamental point of
view and for practical use by many researchers. However,
it has been quite dtffrcult to grow highquality epitaxial
nitride films with a flat surface free of cracks. This is
mainly caused by the lack of substrate materials with lattice
constants and thermal expansion coefficients close to those
of Gal.I and the nitride alloys. Moreover, it has been well
known that undoped GaN is of strong n-t1pe conductivity
with high residual electron concentrations. Despite doping
of acceptor impurities, p-t)?e GaI.I and Gal.I p-n junctions
had not been realized until recenfly. These problems had
prwented the fabrication of nitride-based devices for a long
time.

2, Recent Prcgress in Crystal Grcwth of Gluup III
Nitrides

A great advance in GaNI gpowth by an effective interface
control was achieved by Amano et al. in 1986r). They used
a low-temperature deposited (LT-) thin AIN layer as a buffer
layer for the growth of GaN by organometallic vapor phase

epitaxy (OMVPE). The essence of this method is to insert a
slightly softer material in order to reduce the interfacial free
energy between the epitaxial layer and the highly-

mismatched substrate. By using this method, not only the
crystalline quatity, but also the luminescence as well as the
electrical properties, have been dramatically improved
simultaneously2). The effeaiveness of the LT- buffer layer
on the improvement of the crystaliine quality of the niride
alloys such as AIGaN and GaInN and thcir heterostmctures
has also been proven. This Ul-buffer method was adopted
by Nakamura3), who used a Uf-GaN buffer layer in OMVPE
growth of GaN.

Today, these LT-AIN or LT-Gal.l buffer layer methods are
indispensable and standard in the growth of GaN and nitride
alloys on sapphire by OlvfVPE.

3. Control of Conductivity
3.1 n-typ condtrctivity

Nominally undoped GaN grov*'n by OMVpE using the LI-
buffer layer is generally higtrly-resistive, which is caused by
the decrease in the residual donor concentration. Therefore,
in order to obtain more conductive n-t5pe GaN and to control
its conductivity, doping witfi a donor impuri$ is
indispensable.

In 1990, Amano and Akasakia) and Murakami et al.
showed that si behaves as a donor in nitrides and siHo is
suitable for Si doping drrring OM\IPE growth of Gal.I and
AlGaN, respectively using the LT-bufier layer. The
electron concenfration at room temperature (Rr) can be
controlled from the undoped level to levels of l0recmi by
changing the SiHo flow rate.

Tloday, SiHo or Srrtl doping in OMVPE growth in
combination with the LT-buffer layer is widely adopted for
the conductivity control of n-t1pe nitrides, GaN, AtGalI and
GaInN.

3. 2 p-t1tpe condtctivity
So faq many groups attempted to produce p-t5pe Gal.l.
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