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High-Power High-Temperature Heterobipolar Transistor with Gallium
Nitride Emitter
J.I. Pankove1, M. Leksono1, S.S. Chang1, C. Walked, and B. Van Zeghbroeck2

University of Colorado
2Astralux Inc.

A new heterobipolar transistor was made with the wide bandgap semi-
conductors gallium nitride (GaN) and silicon carbide (SiC). The heterojunc-
tion allows high injection efficiency, even at elevated temperatures. A record
current gain often million was obtained at room temperature, decreasing to
100 at 535°C. An Arrhenius plot of current gain vs I/Tyields an activation
energy of 0.43 eV that corresponds to the valence band barrier blocking the
escape of holes from the base to the emitter. This activation energy is
approximately equal to the difference of energy gaps between emitter and
base. This transistor can operate at high power without cooling. A power
density of 30 kw/cm2 was sustained.
Order No. NS001-039 61996 MRS
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Determination of the Dislocation Densities in GaN on o-Oriented Sapphire
A. Pelzmann1, M. Mayer1, C. Kirchner1, D. Sowada1, T. Rotter1,
Markus Kamp1, K.J. Ebeling1, S. Christiansen2, M. Albrecht2, HP. Strunk2,
B. Hollander, and S. Mantis
1UniversitatUlm
2Universitat Erlangen-Niirnberg
3lnst. fur Schicht-und lonentechnik

We report on a comprehensive study of the defect structure in GaN grown
on c-oriented sapphire by gas source molecular beam epitaxy and metal
or^nic vapor phase epitaxy. Transmission electron microscopy is used to
investigate the defect structures which are dominated by threading disloca-
tions perpendicular to the sapphire surface and stacking faults. Additionally,
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dislocation densities are determined. For determination of dislocation densi-
ties by x-ray diffraction we employ a model that uses the linewidth of x-ray
rocking curves for this purpose. Finally, Rutherford backscattering spectrom-
etry is performed to complement the structural investigation.
Order No. NS001-040 ©1996 MRS
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Metal Contacts on a-GaN
T.U. Kampen and W. Monch
Gerhard-Mercator-Universitaet Duisburg

The Schottky barrier heights of silver and lead contacts on n-type GaN (0001)
epilayers were determined from current-voltage characteristics. The zero-bias
barrier heights and the ideality factors were found to be linearly correlated.
Similar observations were previously reported for metal contacts on Si (111) and
GaAs (110) surfaces. The barrier heights of ideal Schottky contacts are charac-
terized by image force lowering of the barrier only. This gives an ideality factor of
1.01. From our data we obtain barrier heights of 0.82 eV and 0.73 eV for ideal
Agand Pb contacts on GaN, respectively. The metal-induced gap states (MIGS)
model predicts the barrier heights of ideal Schottky contacts on a given semi-
conductor to be linearly correlated with the electronegatrvfties of the metals. The
two important parameters of this MIGS-and-electronegativity model are the
charge neutrality level (CNL) of the MIGS and a slope parameter. The CNL may
be calculated from the dielectric bandgap and using the empirical tight-binding
method. The slope parameters are given by the optical dielectric constant of the
respective semiconductor. The predictions of the MIGS model for metal/GaN
contacts are confirmed by the results presented here and by barrier heights pre-
viously reported by others for Au, Ti, Pt, and Pd contacts on GaN.
Order No.:NS001-041 ©1996 MRS
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Initial Growth Prismatic Domains in Cyclotron-Assisted MBE of GaN/SiC
Philippe Vermaut1, P. Ruterana1, G. Nouet1, A. Salvador2, and H. Morkog2

1CNRS
2University of Illinois at Urbana-Champaign

In N-rich growth conditions, prismatic domains were formed in the ini-
tial stage of a cyclotron assisted MBE [molecular beam epitaxy] of GaN
over 6H-SiC (0001). They exhibit {1010} facets and are either voids or
amorphous phase. Their density is of a few 109 cm 2 and they are located
in a 50 nm layer closest to the substrate surface.
Order No. NS001 -042 ©1996 MRS
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Growth and Properties of InGaN and AilnGaN Thin Rims on (0001) Sapphire
E.L Piner, F.G. MclntoshJ.C. Roberts, M.E. Aumer, V.A. Joshkin,
S.M. Bedair, and N.A. El-Masry
North Carolina State University

High quality InGaN films have led to the development of LEDs [light-emit-
ting diodes] and blue lasers. The quaternary AllnGaN, however, represents a
more versatile material since the bandgap and lattice constant can be inde-
pendently varied. We report on such films grown on (0001) sapphire sub-
strates in an atmospheric pressure MOCVD [metalorganic chemical vapor
deposition] reactor at 750-800°C. The ternary films have a composition of up
to 40% InN and the quaternary films were grown in the composition range of
0 to 20% AIN and 0 to 20% InN. The quaternary compositions studied by
EDS [energy dispersive spectroscopy] and the lattice constants from double
crystal XRD [x-ray diffraction] followed Vegard's law indicating solid solubility
for the range studied. Room temperature PL is dominated by band edge emis-
sion for InGaN and AllnGaN, at low AIN%. Higher AIN alloys of AllnGaN had
PL dominated by deep levels. AllnGaN/lnGaN and AIGaN/lnGaN hetero-
structures were grown with abrupt interfaces. We emphasize the most impor-
tant growth parameters for the growth of high-quality ternary and quaternary
thin films. The structural, electrical, and optical properties of these In-based
ternary and quaternary films and their lattice matched and strained het-
erostructures will also be presented.

Order No. NS001-043 ©1996 MRS
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Identification of a Cubic Phase in Epitaxial Layers of Predominantly
Hexagonal GaN
U. Straussi, H. Tews1, H. Riecherti, R. Averbeck1, M. Schienle1, B.Jobst1,
D. Volm2, T. Streibl2, B.K. Meyer2, and W.W. Ruhle3

1 Siemens AG
2Technische Universitaet Muenchen
3Max-Planck-lnstitut fur Festkorperforschung

Epitaxial layers of GaN on c-plane sapphire are analyzed by continuous-
wave and time-resolved photoluminescence at 4 K and by x-ray diffraction.
Besides the well-known emissions from hexagonal GaN we observe lumi-
nescence bands at 3.279 and 3.15 to 3.21 eV which are identified as the
transition of the donor bound exciton and the donor-acceptor pair recom-
bination in cubic GaN, respectively. Measurements of the luminescence
decay times are essential for the clarification of the emission processes.
Due to the probing depth of about 200 nm in PL we find that the fraction

of cubic phase typically decreases with layer thickness. In our best sam-
ples, however, we do not detect the cubic phase at all.
Order No. NS001-044 ©1996 MRS
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GaN Layers Grown by HVPE on p-Type 6H-SiC Substrates
A.E. NikolaevL2, Yu.V. Melnik12, M.N. Blashenkovi.2, N.I. KuznetsovL2,
I.P. Nikitinai-2, A.S. ZubrilovL2, D.V. Tsvetkov12, V.I. Nikolaev2,
V.A. Dmitriev2, and V.A. Soloviev2

1Cree Research EED
2loffe Physical-Technical Institute

Gallium nitride films were successfully grown by HVPE technique on p-type
6H-SiC substrate. The layers exhibit high crystal quality as was determined by
x-ray diffraction. Photoluminescence (PL) of these films was measured. The PL
spectra were dominated by band edge emission. Concentration Na-Na in
undoped epitaxial layers ranged from 2 x 1017 to 1 x 1019 cm 3. Mesa struc-
tures formed by reactive ion etching showed good rectifying current-voltage
characteristics for GaN/SiC pn heterojunctions.
Order No. NS001-045 ©1996 MRS
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The Rate of Radiative Recombination in the Nitride Semiconductors
and Alloys
Alexey V. Dmitriev and Alexander L. Oruzheinikov
M.V. Lomonosov Moscow State University

The radiative recombination rates have been calculated for the first time
in the wide bandgap wurtzite semiconductors GaN, InN, and AIN and their
solid solutions G a ^ h - ^ and InVM-i.JM on the base of existing data on the
energy band structure and optical absorption in these materials. We calcu-
lated the interband matrix elements for the direct optical transitions
between the conductivity band and the valence one using the experimen-
tal photon energy dependence of the absorption coefficient near the band
edge. In our calculations we assumed that the material parameters of the
solid solutions (the interband matrix element, carrier effective masses, and
so on) could be obtained by a linear interpolation between their values in
the alloy components. The temperature dependence of the energy gap
was taken in the form proposed by Varshni. The calculations of the radia-
tive recombination rates were performed in the wide range of temperature
and alloy compositions.
Order No. NS001-046 ©1996 MRS
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