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Abstract

Boron phosphide (BP) is a kind of group I11-V compound semiconductors and has a zinc blende
structure. BP is an indirect transition semiconductor with a band gap of about 2.0 eV, and is thermally,
mechanically, and chemically stable material. In addition, BP has a high thermal-neutron capture
cross-section due to an isotope of boron. However, compared to other group IlI-V compound
semiconductors, the BP bulk growth is difficult due to the high melting point and phosphorus vapor
pressure. Therefore, the studies on BP are less than other group I11-V compound semiconductors. On the
other hand, a vapor phase epitaxy has made it possible to grow a BP layer on a Si substrate. BP has the
lattice constant near that of cubic GaN which is a metastable structure of GaN, and is expected as a
growth substrate for cubic GaN. BP is also expected as a semiconductor device operating in harsh
environments because of the stable wide-gap semiconductor. However, serious problems remain
regarding with the crystalline quality or impurity doping in the device application of BP. Therefore, this
study aimed to investigate these problems, particularly the problems of dislocations and Si impurity in the
BP. It also aimed to investigate the metal contacts to BP, which is an important requirement for device
application.

Chapter 1 outlines the background of this study and provides the purpose of this study.

From Chapter 2 to Chapter 4, the basic theories related to this study are described: the properties of BP
and the associated material in Chapter 2, crystal growth and crystal defects in Chapter 3, and current
transport characteristics between a metal and a semiconductor in Chapter 4.

In Chapter 5, it is described that the effect of growth conditions (especially the Si doping) on the
crystal structure, crystal defects, and the electrical characteristics of BP by transmission electron
microscopy and Hall effect measurement. For the heavily Si doped BP, pits appear on the BP surface, and
it is found that the direction of the threading dislocations changes from the parallel to the (111) plane to
the perpendicular to the growth (100) plane. On the other hand, in BP, the effect of reducing the threading
dislocation densities by doping Si was not confirmed, as seen in the case of GaAs. And this reason is
discussed in terms of Peierls force.

In Chapter 6, the electrical properties of metal contacts to BP are investigated, and the characteristics of
both ohmic and Schottky contacts are evaluated. The effects of annealing for different metal contacts are
investigated, and the current transport mechanism, annealing effects, and specific contact resistances are
discussed. As a result, the In contacts annealed at 500 “C for 50 min have the minimum specific contact
resistance of 2 X 10 Qcm?. Although this value is slightly larger than the required value for advanced
devices of less than 10 Qcm? that is sufficient for the evaluation of electrical characteristics. Based on
the results of the obtained ohmic contact, the Schottky contacts are evaluated. As a result, sufficient
Schottky characteristics were not obtained, and it is necessary to control the carrier concentration in BP.

In Chapter 7, in order to consider the origin of the unintentional carrier in BP, the influence of Si
impurities in BP and the effects of annealing on the carrier concentration are examined. To prevent
contamination of Si into BP, the BP is grown on the SiO, coated Si substrate and is evaluated for its
crystalline and electrical characteristics. For the BP grown on Si substrates coated with SiO2, the
crystallinity of BP was degraded and the carrier concentration in BP was not decreased. This is probably
due to the deviation from the optimum growth conditions by SiO; coating and the contamination of the
substrate surface, thus it is necessary to further improve the process. Also, to reduce point defects in BP,
BP annealed at high temperature is evaluated. Although for most annealed samples the carrier
concentration was not reduced, the change of conduction type in BP from n-type to p-type was observed
for the samples annealed at 1100 “C under Ar atmosphere. Further adjustment of the annealing
conditions in Ar would make it possible to control the carrier concentration and conduction type of BP.

Chapter 8 describes the properties of the BP required for device applications, the conclusions and the
future prospects of this study.




