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PREFACE

The 10th “International Workshop on Bulk Nitride Semiconductors”
(IWBNS-X) was held from September 18 to 22, 2017, in Espoo, Finland.
This Workshop follows the nine previous workshops held in November
2000 (Brazil), May 2002 (Brazil), September 2004 (Poland), October
2006 (Japan), and September 2007 (Brazil), August 2009 (Poland), and
March 2011 (Japan), October 2013 (Germany). November 2015 (South
Korea). The quietude and the beautiful surrounding of the Nuuksio
National Park provided the required “close-to-nature” environment to
host the latest edition of this workshop series, the first one held in
Finland.

As in previous Workshops, the IWBNS-X reunited a number of sci-
entists from various academic and industrial research institutions, from
many countries, to share their ideas and approaches to overcome the
difficulties in the growth of large-area and high-quality bulk nitrides
and deposition of epitaxial layers with controlled properties. The four-
day technical program covered a broad range of topics, which included
the chemical vapor growth of thick free-standing films, bulk crystal
growth using low- and high-pressure solution, physical vapor transport,
and solution methods. The structural, optical and electronic properties
of native substrates and homepitaxial layers, and the fabrication and
properties of optoelectronic and electronic devices were also high-
lighted. III-nitrides growth modeling and theory were also intensively
discussed during various sessions of the program.

Ammonothermal and hydride vapor phase epitaxial (HVPE) tech-
niques continuous to stand out as the best options to grow large area
GaN substrates. Deposition of crack-free HVPE wafers with 2-6 inch
diameters, with relatively low extended defect density (≤106 cm-2) was
reported. The low pervasive shallow donor impurity concentration (low
1014/cm3) in these wafers was achieved by replacing the SiO2 reactor
parts. Furthermore, improved control of the mechanical properties of
the deposited films allowed the growth of macro-defect-free GaN ingots
of 55 mm diameter and 6 mm of thickness. These substrates with low Si
concentration yield a typical carrier mobility of 1150 cm2/V·s.
Ammonothermal GaN substrates with typical dislocation density in the
order of 5x104/cm2, curvature above tens of meters, and diameter of 2
inches were reported. Crystals with free-electron concentration up to
1019/cm-3, free-hole concentration of 1016/cm-3, and semi-insulating

with resistivity exceeding 1011 Ω·cm was obtained. Despite the low free-
hole concentration, this is a great accomplishment, considering that
recently, only crystals with high-concentration of free-electrons were
produced.

High quality freestanding AlN, deposited by HVPE on sacrificial
sapphire, up to 4 inches diameter was demonstrated. Bulk AlN substrate
growth grown by physical vapor transport continues to improve and
single-grain boules with 2 inch in diameter, with very sharp XRD
rocking curve have been accomplished. Deep UV devices based on bulk
AlN substrates have been commercialized.

InN and InGaN (with high In content) is still the most difficult III-
nitride compound to be produced in bulk form. Scientists from Japan
developed a novel two-stage source generation HVPE system to produce
InCl3 precursor, which resulted in a two-fold increase of the growth
rate. These new approaches open the possibility to produce thick free-
standing InN wafers.

Presently, there is still a considerable increase in the number of
research institutions and private sector research groups investing and
developing HVPE, ammonothermal, and other methods to grown III-N
nitride substrates. It is expected that the total market for wide band gap
substrates will continue to grow. As result, the price of the nitride
substrate should reduce with increasing production and demand.
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