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HL 45.1 Wed 14:30 HI15
Determination of the Faust-Henry Coefficient of GalN by Ra-
man Scattering — e CHRISTIAN RODER, GERT IRMER, and CAMELIU
HimcinscHr — TU Bergakademie Freiberg, Institute for Theoretical
Physics, Leipziger Str. 23, 09596 Freiberg, Germany

In order to specify the charge carrier concentration n and mobility p
in GaN by Raman spectroscopy the Faust-Henry coefficient C' should
be determined with good precision. Unfortunately, the values for this
parameter found in literature differ significantly. Using the standard
dielectric approach we calculated the Raman lineshape of coupled
phonon-plasmon modes (CPPM) depending on the Faust-Henry co-
efficient and scattering mechanisms respectively.

Raman intensity measurements on the A1(TO) and A1(LO) phonons of
undoped GaN specimen were carried out from room temperature down
to 77 K to determine the Faust-Henry coefficient. Additionally we in-
vestigated several doped GaN samples with the goal to compare the
ascertained free-carrier concentrations with those derived from the Ra-
man lineshape fitting using the previously determined value of C'. The
comparison gives good agreement confirming the determined Faust-
Henry coefficient. Furthermore the analysis of the lineshape reveals
the deformation-potential and electro-optic mechanisms as dominant
scattering mechanisms in gallium nitride.

The authors would like to thank the European Union (EFRE) as well
as the Free State of Saxony for financial support.

HL 45.2 Wed 14:45 H15
Auger Coefficient in GalnN-based Laser Structures —
e ALEXANDER DANIEL DRAGER, CARSTEN NETZEL, MORITZ BREN-
DEL, HoLcER JONEN, UWE Rossow, and ANDREAS HANGLEITER —
Institut fiir Angewandte Physik, TU Braunschweig

Todays GalnN-based light emitting devices such as LEDs and laser
diodes show excellent properties in terms of quantum efficiency or
threshold current in the violet-blue spectral region. With increasing
wavelength towards the green this performance decreases strongly. In
particular at longer wavelengths, the quantum efficiency decreases for
higher current densities, called the efficiency droop. This phenomenon
is still subject to intensive research and different mechanisms such as
Auger recombination, losses due to dislocations and carrier escape have
been named as possible explanations. We combine optical gain mea-
surements using the variable stripe length technique with model calcu-
lations of the optical gain spectra to derive the carrier lifetime. From
the dependence of the inverse effective lifetime on carrier density we de-
termine the recombination coefficients for radiative, nonradiative and
Auger recombination. The Auger coefficients we obtained are about
1-2x1073! ¢cm%/s for GaInN quantum wells with 2.56V< E4 <3.1eV
which is more than an order of magnitude lower than estimated from
photoluminescence [1] and thus too low to explain the LED droop.
Nevertheless, Auger recombination seems to contribute to laser thresh-
old.
[1] Shen et. al. APL 91, 141101(2007)

HL 45.3 Wed 15:00 H15
Exciton enhancement of recombination mechanisms in
GaInN/GaN quantum well structures — oT. LANGER, A. D.
DrAGER, H. JONEN, D. FunrMmanN, H. BrREMERsS, U. Rossow, and
A. HANGLEITER — Institute of Applied Physics, TU Braunschweig

Temperature-dependent and time-resolved photoluminescence spec-
troscopy on highly efficient GaInN/GaN quantum well structures with
low excitation power reveal the nature of radiative recombination be-
ing free exciton dominated up to room temperature. This implies a
strong enhancement of radiative recombination rates of free excitons
compared to free carriers, due to a higher probability of electrons and
holes being at the same place simultaneously. In the low excitation
regime, where screening of excitons is not important, we therefore ob-
serve a linear rather than a quadratic carrier concentration (n) depen-
dence of radiative recombination rates. This observation, as well as
the radiative rates in the whole temperature and carrier concentration
range, can be described using a n-dependent correlation function gep
of electrons and holes in a many body system. The radiative recombi-
nation rate turns to Bg.p(n)n? in case of optical excitation (n = p).
We also discuss the effect of excitons on Auger recombination,
whose rate is known to be proportional to n3 for free carriers. For

Location: H15

GaInN/GaN quantum well structures, the Auger coefficient is about
1-10"3'cm®s~! which appears to be too low to let Auger recombi-
nation become a significant recombination process in such structures.
Nevertheless, excitonic enhancement might increase the importance of
Auger recombination in these materials.

HL 45.4 Wed 15:15 HI15
Excitonic dielectric function of hexagonal GalN — eSTEVE
Lenk and EricH RUNGE — Institut fiir Physik und Institut fiir Mikro-
und Nanotechnologien, Technische Universitat Ilmenau, 98693 Ilme-
nau, Germany

We calculate the dielectric function of hexagonal GaN including the A-,
B-, and C-excitons using a multi-valence band formalism. The impor-
tance of excitons for the interpretation of reflectance spectroscopy of
GaN was emphasized by several experimental groups, but only recently
theoretical calculations were presented [1]. We derive the dielectric
function from a numerical solution of an initial value problem [2] via
an exponential split-operator method, taking into account the full 6x6
valence band structures of several parametrizations. We present the
complex dielectric function as well as the deduced reflectivity spectra
of the excitons in GaN. These results show qualitative and quantitative
agreement with recent experimental studies.

[1] A. T. Winzer, G. Gobsch, and R. Goldhahn, Phys. Rev. B 74,
125207 (2006).

[2] S. Glutsch, FEzcitons in Low—Dimensional Semiconductors,
Springer Heidelberg (2004).

[3] S. L. Chuang and C. S. Chang, Phys. Rev. B 54, 2491 (1996).

HL 45.5 Wed 15:30 H15
Ortsaufgeloste Photolumineszenz- (PL), Elektrolumineszenz-
(EL) und LBIC- (Light Beam Induced Current) Messun-
gen an einer InGaN/GaN-LED auf Silizium(111)-Substrat —
eMARTIN THUNERT, THOMAS HEMPEL, ARMIN DADGAR und JURGEN
CHRISTEN — Otto-von-Guericke-Universitat Magdeburg, Germany

Eine mittels MOVPE gewachsene InGaN/GaN-LED wurde anhand
ortsaufgeloster EL-, PL- und LBIC-Messungen untersucht. Das Lumi-
neszenzspektrum zeigt einen breiten Peak um 477 nm mit einer Halb-
wertsbreite von 0,14 eV. Durch auftretende Fabry-Perot-Interferenzen
wurde die Schichtdicke der LED berechnet. Die EL-Messungen ergeben
bei Stromstéarkeerh6hung eine starkere Intensitdtszunahme des hoéhe-
renergetischen Spektralbereiches relativ zum niederenergetischen.

Der Vergleich zwischen der EL- und der PL-Messung zeigt die un-
terschiedlichen Einfllisse der Ladungstrigerinjektion und -verteilung,
sowie der Absorption auf die Lumineszenz der LED. Aus der Tempe-
raturabhéngigkeit der PL-Spektren wurden die Aktivierungsenergien
zweier Prozesse berechnet, welche zu einem Abfall der PL-Intensitét
bei Temperaturerhhung fiihren. Bei tiefen Temperaturen (4 K) wurde
ein linearer Zusammenhang zwischen PL-Intensitdt und Anregungs-
dichte nachgewiesen.

Anhand der LBIC-Messung wurden elektrische Eigenschaften der
LED in der Nihe des p-n-Ubergangs untersucht. Vergleichende Mes-
sungen zeigen, dass Fehler in der Metallkontaktierung hohe Einbriiche
der EL-Intensitdt verursachen, wohingegen sie das LBIC-Signal nicht
beeinflussen.

15 Min. Coffee Break
HL 45.6 Wed 16:00 HI15

Untersuchungen von gezielt belasteten, blauen InGalN-
MQW-LEDs mittels EL, pu-EL, simultanem u-PL/Raster-
LBIC und FE-REM — T. FeEy, T. HEMPEL und J. CHRISTEN
— Institut flir Experimentelle Physik, Otto-von-Guericke-Universitét,
39106 Magdeburg

Es wurden sowohl mechanisch als auch elektrisch belastete, kommer-
zielle, blaue InGaN-MQW-LEDs mittels EL, p-EL, simultanem pu-
PL/Raster-LBIC(Light Beam Induced Current) sowie FE-REM un-
tersucht. Bei den mechanisch belasteten LEDs konnte sowohl im FE-
REM als auch in der pu-EL kein eindeutiger Einfluss auf die Bauele-
mente nachgewiesen werden. Im Gegensatz dazu zeigten viele der elek-
trisch belasteten Proben eine inhomogene Intensitdtsverteilung und
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ein Ansteigen des Sperrstromes. Bei diesen geschadigten LEDs konnte
in Sperrrichtung Lumineszenz detektiert werden. Diese Lumineszenz
in Sperrrichtung steht in ortlicher Korrelation zu dunklen Bereichen
in Durchlassrichtung. In Ubereinstimmung dazu zeigen die simulta-
nen pu-PL/LBIC Messungen ein deutliches Ansteigen des LBIC und
ein Einbruch der MQW-Lumineszenz in diesen defekten Bereichen.
Bei Untersuchungen einer defekten LED konnte ebenfalls Lumineszenz
in Sperrrichtung mit gleicher spektraler Verteilung detektiert werden.
Wir danken der Firma PerkinElmer Elcos GmbH fiir die freundliche
Unterstiitzung.

HL 45.7 Wed 16:15 H15

Optical and structural investigations of pendeo-epitaxial
AlGaN layers by spectrally resolved cathodoluminescence

microscopy — G. Scumipt!, B. Bastek!, T. Hemper!, F.
BerTrRAM!, J. CHRISTEN!, V. KULLERZ, A. KNAUER?, F. BRUNNERZ,
H. Robricuez?, M. WEYERs?, and M. KneissL? — !Institute of

Experimental Physics, Otto-von-Guericke-University Magdeburg, Ger-
many — 2Ferdinand-Braun-Institut fiir Hochstfrequenztechnik, Berlin,
Germany

The ternary alloy AlGaN is a promising candidate for optoelectronic
devices emitting in the deep UV. However, due to the large lattice and
thermal mismatch, AlGaN layers grown on sapphire exhibit a high
density of dislocations. In order to reduce this density AlGaN layers
have been grown by pendeo-epitaxy. For this approach an AIN layer is
directly grown on sapphire and subsequently patterned, resulting in a
stripe structure parallel to [1010] with a trench width of 1.9um and a
ridge width of 1.1um. The pattern was overgrown by a fully coalesced
MOVPE AlGaN layer. We present the microscopic optical proper-
ties of the pendeo-epitaxial AlGaN layers. The spatially integrated
cathodoluminescence (CL) spectrum exhibits two dominant peaks at
3.939¢V and 4.326€V, respectively. Spatially resolved CL proved a cor-
relation between the wavelength distribution and the trench pattern.
The high energetic luminescence originates from the areas above the
AIN ridges and the low energetic intensity from the area above the
trenches, suggesting local different Al incorporation. Furthermore, the
strain relaxation in growth direction is imaged by cross-sectional CL.

HL 45.8 Wed 16:30 HI15
Dielectric function of AlInN nearly lattice-matched to
GaN — eEcmipuus Sakarauskas!, PascaL ScuLey!, GEora
RossBacH!, RUDIGER GoLDHAHN!, HANNES BEHMENBURGZ3,
CurisTorH GIesEN?, MicHAEL HEUKEN?3, CurisToPH Hums?, and
Avrots Krost* — Institut fiir Physik, TU Ilmenau — ?Aixtron AG —
3Institut fiir Theoretische Elektrotechnik, RWTH Aachen — *Institut
fiir Experimentalphysik, Otto-von-Guericke Universitdt Magdeburg

Al;_,In,N material with ~18 % indium content is lattice matched
to GaN and has lot of potential applications for photonic and elec-
tronic devices. In our work we carry out a comprehensive study of
high-quality MOCVD-grown c-plane Al;_;In;N films with In content
ranging from 14 to 22 %. High resolution X-ray diffraction measure-
ments revealed that AlInN films are pseudomorphically grown to GaN.
Ellipsometry studies were conducted on the AlInN samples in the pho-
ton energy range from 1 to 10 eV. For the first time, complex effective
ordinary dielectric function (DF) of AlInN nearly lattice-matched (LM)
to GaN was extracted and the critical points of the band structure were
determined. The pronounced optical transitions in the high-photon en-
ergy part of the DF indicate already promising optical quality of the
AlInN films. The sharp onset of the imaginary part of the DF defines
the direct absorption edge which is red-shifted for the AlInN samples
with higher In content. High frequency dielectric constants were es-
timated from the real part of the DF in the transparent region. The
band gap values are evaluated including the influence of strain.

HL 45.9 Wed 16:45 H15
Phase separation in AlGalN layers grown on SilN interlayers
— oKiM JuLiaNE Fusan!, BenjamiN NreuscHL!, INGo TISCHER!,
MARTIN FENEBERG!, KLAUs THONKE!, MARTIN KLEIN?, KAMRAN
ForcuAaNI?, and FERDINAND ScHorz? — !Institut fiir Halbleiter-
physik, Universitat Ulm, 89069 Ulm — 2Institut fiir Optoelektronik,

Universitdat Ulm, 89069 Ulm

For high quality AlGaN templates in-situ SiN interlayers are a possible
method to decrease the dislocation density effectively. Immediately af-
ter such a SiN layer, the growth re-starts in a 3D-like mode, before the
layers smoothen again. We report on a low temperature photolumines-
cence and cathodoluminescence study with high spatial resolution on a
series of such AlGaN layer structures. We find signatures of anisotropic

aluminum incorporation efficiency for different facets especially imme-
diately after the interlayer deposition. In cathodoluminescence we di-
rectly can spatially resolve this phase separation, which vanishes for
layer thicknesses of ~ 1 um and more. Influence of layer homogeneity
(roughness) and possible growth mechanisms are discussed in detail.

HL 45.10 Wed 17:00 H15

Optical properties of homoepitaxial AIN — eMARTIN
FeneBERG!, BenjaMIN Nruscan!, Ramon CoLLazo?, AN-
THONY RIcE?, Zrarko SI1tar?, JiNnQiao Xie3, Sewr Mira3,

Georc Rosssacu?, RupicEr GorpuanN?, MARcus ROEPPISCHER?,

CarisToPH COBET?, NORBERT Esser®, and Kraus THONKE! —
Hnstitut fiir Halbleiterphysik, Universitit Ulm — 2Dept. of Mat.
Sci. Engr., North Carolina State University, USA — 3HexaTech, Inc.,
Morrisville, NC, USA — 4Institut fiir Physik, TU Ilmenau — ®ISAS,

Berlin

Homoepitaxial c- and m-plane AIN layers, deposited by MOCVD on
bulk PVT AIN are investigated by means of high resolution photolumi-
nescence and spetroscopic ellipsometry. We find donor bound exciton
lines with a full width at half maximum below 500ueV at T = 10 K.
The exciton binding energy amounts to 52 meV in the c-plane sample
leading to a bandgap energy of 6.092 eV (at 10 K). By spectroscopic
ellipsometry we access both the ordinary and the extraordinary dielec-
tric functions. The analysis of the sharp free exciton resonance found
in the extraordinary tensor components yields a transition energy be-
ing in excellent agreement with the emission studies. The ordinary
component exhibits a feature which indicates a strong contribution of
exciton-phonon interaction to the absorption process.

HL 45.11 Wed 17:15 HI15
Impact of stress on the optical properties of AIN layers —
eGEORG RossBacu!, PascaL ScHLEy!, GERHARD Gosscu!, RUDI-
GER GoLDHAHN!, Marcus RoOPPISCHER2, CHRISTOPH WERNERZ,
CuristorH CoBET?, NORBERT Esser?, ARMIN DADGARS, MATTHIAS
WieNEKE®, and Arors Krost® — !Technische Universitéit Ilmenau,
Institut fiir Physik, PF 100565, 98684 Ilmenau — 2Institute for Analyt-
ical Sciences (ISAS), 12489 Berlin — 3Otto-von-Guericke-Universitét
Magdeburg, Institut fiir Experimentelle Physik, 39106 Magdeburg

The reversed valence-band (VB) ordering of wurtzite AIN with respect
to GaN causes a strong dependence of the free excitonic transition ener-
gies on stress and a strong polarization anisotropy around the absorp-
tion edge. Here, we show that spectroscopic ellipsometry (0.9-9.8eV)
is a powerful tool to determine both the ordinary and the extraordi-
nary part of the dielectric function around the band edge of C-plane
AIN layers. The investigations of films experiencing either tensile or
compressive in-plane stress due to the growth on different substrates
(Si, SiC and sapphire) allows us to demonstrate experimentally the
stress dependence and anisotropy. The energy spacing of the three
VBs at the center of the Brillouin zone is obtained from the analysis.
The extracted shifts in energy are compared with the results of strain-
dependent k*p calculations yielding in addition experimental values
for the deformation potentials. Temperature-dependent studies reveal
a strong influence of exciton-phonon interaction on the absorption.

HL 45.12 Wed 17:30 H15
Broadening mechanism of excitonic transitions in GalN
nanowire ensembles — eCARSTEN PFULLER, OLIVER BRANDT,
CAROLINE CHEZE, LuTz GEELHAAR, and HENNING RIECHERT — Paul-
Drude-Institut fiir Festkorperelektronik, Berlin, Germany

Nanowires (NWs) offer the possibility to integrate III/V and II/IV
semiconductors of high crystalline quality even on lattice mismatched
substrates such as silicon.

We investigate the photoluminescence (PL) of GaN NWs grown by
plasma-assisted molecular beam epitaxy on a Si(111) substrate. The
energy of the donor-bound exciton emission at 3.472 €V confirms the
NWs to be unstrained. Its linewidth is typically of the order of 3 meV,
which is much broader than expected for a strain-free semiconductor.

PL spectra of single NWs dispersed onto a Si(111) vary widely from
wire to wire and differ significantly from ensemble spectra. While the
majority of dispersed NWs experiences strain from interaction with
the substrate, a few NWs exhibit sharper excitonic lines than the en-
semble. These lines comprise the donor-bound exciton and free exciton
emission of strainfree GaN as well as a set of sharp transitions at 3.475-
3.476 V. The same transitions are observed for as-grown, low density
NW ensembles. We attribute these high-energy lines to recombination
of excitons bound to surface donors. The statistically distributed dis-
tances of these donors to the surface determines the spectral energy
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of the related exciton recombination and thus provide a natural ex- ensemble.
planation for the unusual broad luminescence of the unstrained NW



