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HL 31: Nitrides: Preparation and characterization I

Time: Wednesday 15:00-17:15

HL 31.1 Wed 15:00 H31
GaN/AlGaN Microfin Core-Shell-Structures for Effi-
cient DUV Emitters — eCHRISTOPH MARGENFELD!', HENDRIK
SpeENDE!, Hao Zuou!, HaNs-JURGEN Lucauer?, HERGO-HEINRICH
WEHMANN!, and ANDREAs Waac! — !Institut fiir Halbleitertech-
nik, epitaxy competence center ec? and Laboratory for Emerging
Nanometrology, Technische Universitdt Braunschweig, Braunschweig,
Germany — 20sram Opto Semiconductors GmbH, Regensburg, Ger-
many

Conventional DUV LEDs grown on c-plane sapphire substrates suffer
from a high density of threading dislocations, which sensitively af-
fects the internal quantum efficiency (IQE), an increasing fraction of
TM mode radiation leading to low light extraction efficiency (LEE),
and impaired carrier injection efficiency as a result of strong polar-
ization fields. These issues can be circumvented by employing three-
dimensional AIGaN microstructures with nonpolar sidewalls.

A GaN/AlGaN core-shell architecture based on microfin structures
grown by selective area MOVPE is introduced and the solutions to
challenges occurring during growth are discussed. Characterization
by XRD reciprocal space mapping, hyperspectral CL mapping and
temperature-dependent CL reveals very promising results such as high
structural quality, low threading dislocation density and intense emis-
sion from nonpolar a-plane MQWs at 280 nm up to 100 °C.

HL 31.2 Wed 15:15 H31
Excess carrier density dependent recombination dynamics on
GaN quantum wells — Sivia MOULLNER!, PuiLipP HORNBURG!,
PuiLipp Hennine!, Heiko Bremers??2, Uwe Rossow!, and AN-
DREAS HANGLEITER'2 — lInstitute of Applied Physics, TU Braun-
schweig, Germany — Z2Laboratory for Emerging Nanometrology,
Braunschweig, Germany

Recombination dynamics in quantum wells (QW) are commonly
described by the ABC-model. Previous results from c-plane GaN QW
and recent results from m-plane GaN QW, however, disagree with this
model. Our time-resolved photoluminescence experiments provide in-
formation on recombination dynamics. By tuning the pulse energy
density, Ppulse, the excess carrier density, én, is varied systematically.
The low injection region shows a linear dependence between the ra-
diative process and dn suggesting a recombination process of excitonic
nature, which is neglected in the ABC-model. The recombination dy-
namics in these QW will be compared and discussed for both orienta-
tion.

HL 31.3 Wed 15:30 H31
Towards a Deeper Understanding of Shell Growth on GaN
Microstructures — oIRENE MANGLANO CLAVERO!, CHRISTOPH

MARGENFELD!, JaNa HarrMmMANN!, HErRcO-HEINRICH WEHMANND,

ADRIAN AvRaMEscu?, HANs-JUERGEN LUGAUERZ?, and ANDREAS
Waac! — lInstitut fiir Halbleitertechnik, epitaxy competence center
ec? and Laboratory for Emerging Nanometrology, Technische Univer-
sitat Braunschweig, Braunschweig, Germany — 2Osram Opto Semi-

conductors GmbH, Regensburg, Germany

In the last decade, 3D nano and micro light emitting diodes with
nonpolar planes have been regarded as promising optical devices to
mitigate the droop and provide reduced density of extended defects.
Although different groups have investigated the growth mechanism of
these 3D structures, there is still no thorough understanding of the
mechanisms governing the core-shell growth.

The impact of gallium supply and carrier gas composition on the
morphology and growth rate of c- and a-plane shells on GaN mi-
crofins grown by selective area metal-organic vapor-phase epitaxy (Sa-
MOVPE) are studied. We evaluate the resulting growth rates in terms
of a model based on Chapman-Enskog theory of gas phase diffusion
and obtain qualitative and quantitative agreement. It is found that
shell growth on 3D microstructures deviates significantly from the
mass-transport limited regime which is conventionally observed for the
planar case, as is concluded from evaluating the sticking coefficients
obtained from the model for the polar and nonpolar crystal planes.

HL 31.4 Wed 15:45 H31
A quantum-mechanical study of pressure-induced iso-
structural transition in YN and ScN characterized by a re-

Location: H31

versal in their elastic anisotropy — eMAaRTIN FriAk!2, PavEL
Kroupal3, Davip Horec?, and Mosmir Sos®1:2 — lInstitute of
Physics of Materials, Academy of Sciences of the Czech Republic,
Brno, Czech Republic — 2Central European Institute of Technol-
ogy, CEITEC MU, Masaryk University, Brno, Czech Republic —
3Department of Physics, Imperial College London, London, United
Kingdom — “Department of Materials Science, Montanuniversitit
Leoben, Leoben, Austria — ®Department of Chemistry, Faculty of
Science, Masaryk University, Brno, Czech Republic

Using quantum-mechanical calculations of 2"4- and 3"d-order elastic
constants for YN and ScN with the rock-salt (B1) structure we predict
that the studied materials change the fundamental type of their elastic
anisotropy by rather moderate hydrostatic pressures of a few GPa. In
particular, YN with its zero-pressure elastic anisotropy characterized
by the Zener anisotropy ratio Az = 2C44/(C11 - C12) = 1.046 becomes
elastically isotropic at the hydrostatic pressure of 1.2 GPa. The lowest
values of the Young’s modulus (so-called soft directions) change from
(100) (in the zero-pressure state) to the (111) directions (for pressures
above 1.2 GPa). It means that the crystallographic orientations of
stiffest (also called hard) elastic response and that of the softest one
become reversed. Qualitatively the same type of transition is predicted
for ScN with the zero-pressure value of the Zener anisotropy factor Ay
= 1.117 and the transition pressure about 6.5 GPa.

15 min. break

HL 31.5 Wed 16:15 H31
Optical and structural properties of one-directionally lattice-
matched (1122) oriented Alj_xInxN/GaN heterostructures —
eSAvUTIJAN Sipik!, PuiLipp HorenBUuRG!, HEiko BreEMmERs!, UwWE
Rossow!, Tosias Mgisca?, FERDINAND ScHoLz?, and ANDREAS
HANGLEITER! — !Institut fiir Angewandte Physik, Technische Univer-

sitdt Braunschweig — 2Institut fiir Optoelektronik, Universitat Ulm

The difference of a/c-ratios of AlInN and GaN allows to realize an
intentional one-directional relaxation of the AlInN lattice in a non-
lattice-matched direction in semipolar structures. We investigate the
evolution of emission features and polarization anisotropy of semipolar
(1122) AlInN samples by varying the layer thicknesses and composi-
tions. These samples are grown via MOVPE on (1122) GaN tem-
plates grown on patterned r-sapphire substrates. The room temper-
ature photoluminescence spectroscopy (PL) results show a broad lu-
minescence band at around 3.0 eV from AlInN layers intended to be
lattice-matched in [1123] direction. Also, the spectral position of sam-
ples is red-shifted with increasing indium content. However, samples
with lower In content do not show luminescence related to AlInN which
is also observed in our c-plane AlInN structures. We investigate the
effects of relaxation and anisotropic strain on polarization anisotropy
of AlInN layers with a polarization-resolved PL setup. The measure-
ments reveal polarization of 34%, 23% and 21% for samples with In
content of 26.9%, 28.4% and 28.8%, respectively. Modeling of polariza-
tion properties based on k-p calculation by considering the anisotropic
strain is in progress.

HL 31.6 Wed 16:30 H31
Optical properties of nonpolar GalN/AIN superlattice struc-

ures — oMICHAEL INKLER AGEN RAHMER RTIN
t Mic W 1 Hac BrA 1. Ma

FeENEBERG!, NoRrRBERT Esser?, Eva Monroy?, and RUDIGER
Gorpuaun! — lInstitut fiir Physik, Otto-von-Guericke-Universitit
Magdeburg, Germany — 2Leibniz-Institut fiir Analytische Wis-

senschaften - ISAS, Berlin, Germany — 3University Grenoble-Alpes,
CEA, Grenoble, France

Semiconductor superlattice structure are used in optoelectronic devices
as active material, for strain management or are parts of waveguides.
The dielectric losses in this multilayer structures have a significant
impact on efficiency of such devices.

The anisotropic optical properties of (1100) oriented gallium-
nitride/aluminium-nitride superlattice structures were studied by
synchrotron-based spectroscopic ellipsometry for photon energies up
to 10eV. The samples were grown by plasma-assisted molecular-beam
epitaxy. Samples with period length of 5.1nm, 5.9nm, and 6.7nm were
studied.

Both, a multilayer and an effective layer approach were used to
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model the experimental data. From the latter, ordinary and ex-
traordinary dielectric functions were deduced by fitting wavelength-
by-wavelength. We compare the obtained DFs with results from the
multilayer approach, photoluminescence data, and calculated inter-
band transitions. The effects of the non-parabolic valence bands and
the limits for the effective layer approach will be discussed in detail.

HL 31.7 Wed 16:45 H31
Nanoscale structural and optical properties of deep UV-
emitting GaN/AIN quantum well stack — eBoweN SHENG!'2,
Yixin Wanag!, Xin Rong!, Zuaoving Cuen!, Tao Wanc!, Pine
Wanc!, Gorpon ScamipT?, FRANK BERTRAM?, PETER VEIT?, JUR-
GEN Brisine?, HipeEro Mivake3, Honewrr Li%, Suipine Guo?,
ZHIXIN QIN!, ANDRE STRITTMATTERZ?, JURGEN CHRISTEN2, Bo
SueN!, and Xinqiane Wang! — 1School of Physics, Peking Uni-
versity, Beijing, China — 2Institute of Physics, Otto-von-Guericke-
University Magdeburg, Magdeburg, Germany — ®Department of Elec-
trical and Electronic Engineering, Mie University, Mie, Japan —

4 Advanced Micro-Fabrication Equipment Inc., Shanghai, China,

We successfully have grown 100 periods of GaN/AIN MQWs with
monolayer-thick GaN quantum well on high-quality thermally an-
nealed AIN template by MOCVD. The thickness of AIN barriers is
nominally 10 nm. The STEM image contrast is evidencing that the
GaN quantum wells are nicely embedded in AIN matrix with sharp
interfaces and monolayer thickness of the GaN QWs. A cross-sectional
CL linescan performed at 17 K overall reveals the emission evolution:
at the beginning of GaN MQWs, the emission has a slight redshift
from 225 to 230 nm, then stays perfectly constant towards the top sur-
face. Finally, under higher magnification, the panchromatic CL map

resolves the first 13 QW pairs. The CL intensity modulation matches
perfect with HAADF contrast. Under this high spatial resolution we
are able to resolve the distance between two quantum wells determined
as 10.8 nm, not only in HAADF but also in CL intensity.

HL 31.8 Wed 17:00 H31
Ultrathin GaN/InN/GaN QW structures grown by MBE
— eoFREDERIK LUssMANN, ToBias MEYER, JORG MALINDRETOS,
MicHAEL SEIBT, and ANGELA Rizz1 — Georg-August Universitat Got-
tingen, IV. Physikalisches Institut, 37077 Gottingen

Lately, topological insulators (TIs) have drawn much attention as a
new state of quantum matter. In particular, two-dimensional TIs can
be achieved by growing QWs with an inverted band structure. For
InN/GaN it has been predicted that the large piezoelectric fields in
pseudomorphic QWs grown along the [0001] direction can trigger band
inversion. The minimum critical thickness of InN for the topological
phase transition is expected to be about 4 MLs. In this study we there-
fore aim at the fabrication of ultrathin pseudomorphic InN/GaN QWs.
The samples are grown by MBE and analysed by AFM, STEM and
PL. We have examined a growth mode, already known in literature, in
which InN QWs are grown at elevated substrate temperatures of 620°C
to 670°C, which is well above the dissociation temperature of InN. The
high In supply and the subsequent capping with GaN are expected to
induce a phase separation resulting in stable InN layer. Furthermore,
segregation of the excess In occurs at the growing GaN cap surface.
In this way, very well defined and sharp QWs can be grown, as shown
by STEM. Sharp PL emission at low temperature also indicates the
successful growth of the QW structures.



