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HL 53: Nitrides: Preparation of nonpolar and semipolar orientations

Time: Tuesday 14:00-16:15

HL 53.1 Tue 14:00 POT 151
Analytic solutions of kp-Hamiltonian for III-nitride semicon-
dutors with arbitrary strain situation — eMICHAEL WINKLER,
RUDIGER GOLDHAHN, and MARTIN FENEBERG — Otto-von-Guericke-
Universitat, Magdeburg, Germany

Calculation of transition energies and optical polarization degrees in
semi- and nonpolar wurtzite semiconductors demand new analysis
schemes within kp-theory. We demonstrate that the Bir-Pikus Hamil-
tonian for nonpolar or semipolar material with arbitrary strain situ-
ation, following Hooke’s law, is analytically solvable for eigenenergies
and eigenvectors. These results contribute to an in-depth understand-
ing of valence band distances and relative oscillator strengths. We
discuss valence band crossing and anticrossing behavior under symme-
try not preserving strain at the I'-Point.

The fully analytical parametrization of eigenvalues for semipolar
wurtzite layers allows finally for a quick qualitative analysis of os-
cillator strengths and band order. The methodology allows for an easy
expansion to pressure-dependent optical experiments. Calculational
results are put in relation to experimental data. We find that valence
band crossings are exotic events occuring under special conditions only,
which is discussed in detail.

HL 53.2 Tue 14:15 POT 151
The impact of silicon doping on the optical properties of the
stacking fault emission in a-plane GalN — e¢GORDON SCHMIDT,
CHRISTOPHER KARBAUM, SEBASTIAN METZNER, FRANK BERTRAM, PE-
TER VEIT, MATTHIAS WIENEKE, HARTMUT WITTE, ARMIN DADGAR,
MARTIN FENEBERG, RUDIGER GOLDHAHN, ALOIS KROST, and JURGEN
CHRISTEN — Institute of Experimental Physics, Otto-von-Guericke-
University Magdeburg, Germany

In GaN the basal plane stacking fault (BSF) type I is a two dimen-
sional defect characterized by a cubic inclusion within the wurtzite
structure. Excitons are bound at the BSF I; similar to the localiza-
tion in a quantum well heterostructure leading to an efficient radiative
recombination.

We present a study of the BSF I; emission from a-plane GaN layers
with a systematic variation of the silicon doping level. Using metal-
organic vapor phase epitaxy the a-plane GaN layers were grown on
r-plane sapphire substrates with an AlGaN seeding layer. Varying the
silane flow rate the electron concentration (ne) was changed between
nominally undoped and 3-10'° cm~3.

In cathodoluminescence (CL) experiments at 5 K the BSF I; emis-
sion is the most intense recombination whose peak energy exhibits a
strong blueshift from 3.423 eV to 3.473 eV with increasing n.. The
recombination kinetics of the dominant CL show a monoexponential
decay with initial lifetimes of the BSF I; emission decreasing with
higher n, from 2.9 ns to 470 ps. Our results will be discussed in terms
of reduction of the quantum confined Stark effect within the BSF I;.

HL 53.3 Tue 14:30 POT 151
In-situ analysis of the surface electronic properties of polar
and nonpolar InN and GaNN films — eMARCEL HIMMERLICH, ANJA
EISENHARDT, and STEFAN KRISCHOK — Institut fiir Physik and Insti-
tut fiir Mikro- und Nanotechnologien, Technische Universitat Ilmenau,
PF 100565, 98684 Ilmenau, Germany

Intrinsic surface electronic properties of nitrides are still under debate
especially due to a lack of in-situ analyses that allow the character-
ization of clean surfaces commonly considered in electronic structure
calculations. Here we present in-situ studies on the surface properties
of polar and nonpolar configurations of GaN and InN thin films pre-
pared by plasma-assisted molecular beam epitaxy utilizing ultraviolet
and X-ray photoelectron spectroscopy [1,2]. It will be shown that es-
pecially surface reconstructions or relaxations are responsible for the
existence of occupied and unoccupied electron states that determine
the band alignment at surfaces and interfaces. For both group III ni-
trides, GaN and InN, the metal-polar surface exhibits different band
bending V4, compared to the N-polar, m-plane and a-plane surface.
Thereby Vi, depends on the position of surface states that induce a
pinning of the Fermi level. Furthermore, the GaN and InN surface
states are easily saturated by adsorbates due to exposure to reactive
gases like oxygen or water, partly combined with strong changes in the
surface band bending.

Location: POT 151

[1] M. Himmerlich et al., Phys. Rev. B 88 (2013), 125304.
[2] A. Eisenhardt et al., Appl. Phys. Lett. 102 (2013), 231602.

HL 53.4 Tue 14:45 POT 151
Luminescence characteristics of pyramidal InGaN/GaN light
emitter — oJAN WAGNER, MICHAEL JETTER, and PETER MICHLER
— Institut fiir Halbleiteroptik und Funktionelle Grenzflichen and Re-
search Center SCoPE, Universitdt Stuttgart, Allmandring 3, 70569
Stuttgart, Germany

The green spectral range is an important topic for the field of semi-
conductor light emitters nowadays. The lack of efficient InGaN/GaN
green emitters due to the Quantum Confined Stark Effect (QCSE) lim-
its the use of semiconductors in optical devices. The QCSE reduces
the recombination efficiency for electrons and holes in these emitter
drastically by shifting the wavefunctions away from each other. To
overcome this we grow semipolar InGaN quantum wells on top of three
dimensional GaN pyramids. The use of semipolar facets instead of c-
plane GaN as growth surface reduces the QCSE by a large amount and
should increase the efficiency of green InGaN/GaN emitter. Since up
to now semipolar and nonpolar GaN substrates are not widely avail-
able we use the method of epitaxial lateral overgrowth (ELO) to force
a three-dimensional growth of the GaN. This provides us with easy
accessible semipolar growth surfaces for the InGaN quantum well. In
this contribution we would like to show our latest results in the control
and growth of pyramidal GaN structures as well as the optical charac-
teristics and the dynamics of the charge carriers of these structures.

HL 53.5 Tue 15:00 POT 151
Determination of polarisation fields in group III-nitride
heterostructures by capacitance-voltage-measurements —
eMONIR RycHETSky!, INGRID KosLow!, Jens Rassb2, Tiv
WERNICKE!, KONRAD BELLMANN', VEIT HOFFMANNZ, and MICHAEL
KNEIssL1»2 — ITechnische Universitét Berlin, Institut fiir Festkorper-
physik, Germany — 2Ferdinand-Braun-Institut, Leibniz-Institut fiir
Hochstfrequenztechnik, Berlin, Germany

InGaN/GaN heterostructures exhibit strong piezoelectric and spon-
tanous polarisation fields and sheet charges resulting in band bending.
This leads to a reduction in the radiative recombination rate in light-
emitting diodes (LEDs) and a red shift in the emission wavelength,
due to the quantum-confined Stark effect.

There are several methods by which the magnitude and orientation
of these polarisation fields have been measured. However, no exact val-
ues for the polarisation fields in semipolar planes have been reported.

In this contribution we propose a new approach to determine polar-
isation fields by using capacitance-voltage measurements. The sheet
charges at the heterointerface influence the charge distribution in a
PIN (positive intrinsic negative) junction and therefore the depletion
width and the capacitance. In order to improve the accuracy of the
method we compare the depletion width of two PIN junctions, one with
an embedded InGaN layer and therefore influenced by the internal po-
larisation fields and one without it. First results of an Ing ggGag.92N
quantum well on (0001) show an internal field strength in the range of
0.95 - 1.25 MV /cm in [0001] direction.

HL 53.6 Tue 15:15 POT 151
Optical and structural nano-characterization of GalN based
LED structures with semipolar sub-um patterned InGalN
QWs — SEBASTIAN METZNER!, MARCUS MULLER!, GORDON
ScuMIDT!, BENJAMIN MAX!, PETER VEIT!, SILKE PETZOLD!, FRANK
BERTRAM!, ROBERT LEUTEZ, DOMINIK HEINZZ, JUNJUN WANG2, FER-
DINAND ScHOLzZ2, and JURGEN CHRISTEN! — lInstitute of Experimen-
tal Physics, Otto-von-Guericke-University Magdeburg — 2Institute of
Optoelectronics, University of Ulm

We present the nano-scale correlation of optical and structural proper-
ties of an LED structure with sub-pum semipolar InGaN quantum wells
(QWs) using liquid helium temperature scanning (transmission) elec-
tron microscope cathodoluminescence (SEM/STEM-CL). The semipo-
lar n-doped GaN structures were selectively grown on a SiN mask
consisting of stripes with a period of 260 nm on top of a c-plane
GaN /sapphire template using metalorganic vapour phase epitaxy. The
{1011} side facets were subsequently covered by InGaN and finally
completely filled up and planarized by p-doped GaN. The InGaN QWs



Tuesday

on top of the {1011} GaN stripes are clearly resolvable in cross-section
STEM images in high-angle annular dark field contrast and can di-
rectly be correlated to intense CL emitting at ~ 440 nm. We will
discuss the impact of e.g. systematic thickness changes of the QW on
the luminescence properties as well as the effect of the mask patterning
process and selective growth on the planarization during p-doped GaN
growth.

HL 53.7 Tue 15:30 POT 151
Cathodoluminescence mapping on differently inclined
semipolar InGaN facets — eMaTTHIAS HOCKER!, INGO TISCHER!,
BeENJAMIN NEUScHL!, JEFFREY HELBING!, JUNJUN WaNG2, FERDI-
NAND ScHorz?, and KLAUS THONKE! — lInstitute of Quantum Mat-
ter / Semiconductor Physics Group, University of Ulm, D-89081 Ulm,
Germany — 2Institute of Optoelectronics, University of Ulm, D-89081
Ulm, Germany

Indium gallium nitride (InGaN) based converter structures are promis-
ing candidates for optical devices emitting in the green spectral range.
They are realized by epitaxial overgrowth of three-dimensional semipo-
lar gallium nitride (GaN) by InGaN multiple quantum wells. Be-
sides structural deficiencies, differently inclined facets incorporate dif-
ferent amounts of indium, resulting in a broadening of the integral
light output spectrum. To overcome these deficiencies, such converter
structures were investigated in detail by spatially and spectrally re-
solved low-temperature cathodoluminescence (SEM-CL), which offers
the possibility to distinguish the origin of the different spectral contri-
butions locally. In the CL maps, dark areas and subfacets with blue
shifted emission patterns were found. These emission features correlate
with undesirable subfacets of the GaN templates. By suppressing these
subfacets, it is possible to achieve a more homogenous luminescence
distribution, resulting in a better performance of the final device.

HL 53.8 Tue 15:45 POT 151
Generalized ellipsometry of semipolar AlGaN — eJULIANE
KLaMSER!, MARTIN FENEBERG!, RUDIGER GOLDHAHN!, JOACHIM
STELLMACHZ2, MARTIN FRENTRUP2, SIMON PLOCH?, FRANK MEHNKEZ,
Tim WERNICKE?, and MICHAEL KNEIssL? — llnstitut fiir Ex-
perimentelle Physik, Otto-von-Guericke-Universitat Magdeburg —
2Institut fiir Festkorperphysik, Technische Universitit Berlin
We present generalized spectroscopic ellipsometry data obtained from

the anisotropic semiconductor material system aluminum gallium ni-
tride (AlGaN). The several micrometer thick AlGaN layers were grown

by metal-organic vapor phase epitaxy on m-plane sapphire substrates.
The samples cover the whole composition range between GaN and AIN.
The (11-22) orientation of the AlGaN surface allows for alignment of
the optical axis parallel to the plane of incidence, no perpendicular
alignment is possible. The optical axis of the as well anisotropic sap-
phire substrate is pointing in a different direction. This challenging
sample geometry requires careful measurement of the main and the
secondary elements of the Jones matrix. As result of the evaluation of
the measurements we present the successfully separated ordinary and
extraordinary tensor components of the dielectric function. We not
only succeeded in fitting model dielectric functions to experimental
data but also present point-by-point fitted dielectric functions of sev-
eral AlGaN samples. The valence band structure of AlGaN governing
optical selection rules and thus the dielectric function is expected to
show a crossing at certain but unknown Al concentration. Our study
experimentally narrows the possible band crossing range in AlGaN.

HL 53.9 Tue 16:00 POT 151
Direct identification of luminescence from I1 type basal plane
stacking faults in semipolar AlGaN layer with low Al content
— oINGO TISCHER!, MANUEL FREY!, MATTHIAS HOCKER!, ROBERT
A.R. LEUTE?, FERDINAND ScHoLz?, HEIKO GRroiss®, EricH MULLERS,
DAGMAR GERTHSEN®, WILLEM VAN MIERLO%, JOHANNES BISKUPEK?,
Utk Kaiser?, and KLaus THoNkE! — !nstitut fiir Quantenmaterie,
Gruppe Halbleiterphysik, Universitit Ulm, 89081 Ulm — 2Institut
fiir Optoelektronik, Universitdt Ulm, 89081 Ulm — 3Laboratorium
fir Elektronenmikrokopie, Karlsruhe Institute of Technology, 76131
Karlsruhe — *Materialwissenschaftliche Elektronenmikroskopie, Uni-
versitdat Ulm, 89081 Ulm

For nitride-based laser diodes and LEDs high quality AlGaN electron
blocking layers are required. Due to the lattice mismatch of AlGaN
and GaN, the occurance of structural defects increases strongly, espe-
cially on semipolar surfaces. In this study, we assign distinct spec-
tral luminescence features to structural defects of AlGaN layers on
a semipolar GaN template. Spatially resolved cathodoluminescence
(CL) recorded at temperatures below 10K using a scanning electron
microscope, performed on the cross section and on the {1011} side
facet surface, allows to determine the spatial and spectral distribution
of luminescence features. High resolution STEM investigations at the
same sample area allow the direct assignment of optical bands to dis-
tinct structural features like basal plane stacking faults and regions
with different Al content.



