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HL 10.1 Mon 15:00 EW 203
Mechanism and Reduction of temperature-dependent RF loss
of GaN-HEMTs on Silicon substrate — eT1En TuNnG Luong, Y1
Hence CuiEN, CHUNG HaN CHiaNG, YEN TENG Ho, SHANE CHANG,
and EpwarD Y1 CuanGg — National Chiao Tung University, Hsinchu,
Republic of China (R.O.C)

Regarding the unique characteristics (high breakdown field, high power
density, high efficiency, and broadband); GaN-based HEMTs are able
to operate at high power, high frequencies, and high temperatures;
exhibiting various excellent characteristics superior to those of con-
ventional Si-based semiconductors. GaN-HEMTs on Si technology is
expected to drastically reduce the fabrication cost. Nevertheless, one
of the main issues is the parasitic loss that can adversely impact the
RF device performances. In order to reduce the loss of RF opera-
tion of devices on Si, a high-resistivity (HR) Si substrate is commonly
used; however, the RF loss drastically increases at high-junction tem-
perature. A free-electron inversion channel, which is caused by the
positive piezoelectric charge at the AIN/Si interface induced by the
piezoelectric field in the tensile AIN grown on Si, plays a critical role
in the RF losses. Understanding the loss mechanisms of GaN-HEMT
on Si will undoubtedly help to design epitaxial growth structure for
further improving the overall device RF performance. An adoption
of a low-temperature AIN near Si interface induces an unintentionally
carbon-doped layer acting as a negatively fixed charge layer that is
able to compensate for positive piezoelectric charge resulting in the
improvements of both the RF losses and thermal degradation.

HL 10.2 Mon 15:15 EW 203
Implementation of a GaN:Mg/GaN:Ge tunnel junction
in blue vertical-cavity surface-emitting laser structures —
eCHRISTOPH BERGER, SIiivio NEUGEBAUER, GORDON SCHMIDT,
CLEOPHACE SENEZA, JURGEN BLASING, JURGEN CHRISTEN, ARMIN
Dapcar, and ANDRE STRITTMATTER — Otto-von-Guericke-
Universitdt Magdeburg, Universitatsplatz 2, 39106 Magdeburg

Due to their unique properties GaN-based vertical-cavity surface-
emitting lasers (VCSELSs) are desirable for various applications. Be-
sides the demanding realization of nitride-based microcavities with
highly reflective distributed Bragg-reflectors, major challenges are the
homogeneous current injection into the cavity region and the realiza-
tion of a current aperture to achieve a sufficient current density in the
gain region. Most commonly, current apertures are formed by selective
passivation of the cavity p-side with SiO2 or SiNx and lateral current
injection is accomplished by covering the aperture with an ITO-layer.
In our approach the p-doped GaN is overgrown with highly doped
GaN:Ge by metalorganic chemical vapor phase epitaxy. This trans-
parent conductive nitride ensures excellent lateral current spreading,
while carrier injection is enabled via tunneling at the GaN:Mg/GaN:Ge
interface. Such VCSEL structures give reason to expect a significant
reduction of internal losses in the cavity that are otherwise induced by
the relatively high absorption coefficient of the ITO-layer. For current
confinement we will address different approaches, like selective passi-
vation of the p-GaN or selective oxidation of a buried, lattice-matched
AlInN layer.

HL 10.3 Mon 15:30 EW 203
Al,Ga;_,N:Mg short period superlattice cladding layers with
x> 0.6 for UVC laser diodes — oC. Kunun', M. GurrmaNN!, N,
SusiLo!, M. Martens!, F. Meunke!, L. SuLmont!, T. WERNICKE!,
and M. KnrissLb? — lTechnische Universitit Berlin, Institute of
Solid State Physics, Berlin, Germany — 2Ferdinand-Braun-Institut,

Leibniz-Institut fiir Hochstfrequenztechnik, Berlin, Germany

Key challenges for the realization of UVC laser diodes with emission
wavelength below 270nm are carrier injection, light absorption and
waveguiding. The waveguiding requires low loss Al;Gaj_;N cladding
layers with high aluminum content x> 0.7. However, this limits effi-
cient carrier injection due to the typically high resistance of Mg-doped
AlGaN layers. To increase the conductivity short period superlattices
(SPSL) can be implemented. Nevertheless, a high conductivity and
its accurate determination still remains particularly demanding, espe-
cially for high Al contents.

This paper investigates the optical and electrical properties of Al-
GaN:Mg SPSLs up to x=0.8. Such high Al contents shift the ab-

Location: EW 203

sorption edge far away from the lasing wavelength resulting in low
absorption <50cm™! in the layers due to Mg-related transitions. Al-
GaN:Mg SPSLs with average x=0.22 exhibit a relatively low lateral
resistivity of 0.6 2cm which strongly increases to 70 Qcm for transpar-
ent AlGaN:Mg with x =0.6. Vertical resistivity measurements hint to
an additional field-induced ionization of the Mg acceptors leading to
an increase of the turn-on voltage, but allowing for relatively low series
resistances and high pulsed current densities up to 5kA /cm?2.

HL 10.4 Mon 15:45 EW 203
AlGaN-based deep UV LEDs grown on sputtered and
high temperature annealed AIN/sapphire — eNORMAN

SusiLo!, Syvia HageporN?, DoMINIK JAEGER®, HIDETO MIYAKE?,

Utk Zemmer?, CHrisTopH ReicuH!, BerTiNa Neuscuurz!, Luca

SuLmonI!, MARTIN GUTTMANN!, FRANK MEHNKE!, CHRISTIAN
Kunn!, Tmm WEeRNICKE!, Markus WEYERsS?, and MICHAEL
KnEeissL12 — Institute of Solid State Physics, Technische Universitét
Berlin, Hardenbergstrafe 36, 10623 Berlin, Germany — 2Ferdinand-
Braun-Institut, Leibniz-Institut fiir Hochstfrequenztechnik, Gustav-
Kirchhoff-Strafe 4, 12489 Berlin, Germany — 3Evatec AG, Haupt-
strake la, 9477 Triibbach, Switzerland — “4Department of Electrical

and Electronic Engineering, Mie University, Mie 514-8507, Japan

The structural and electro-optical properties of AlGaN-based deep ul-
traviolet light emitting diodes (UV-LEDs) grown by metalorganic va-
por phase epitaxy on sputtered and high temperature annealed (HTA)
AIN /sapphire templates are investigated and compared to LEDs grown
on epitaxially laterally overgrown (ELO) AIN/sapphire. Both tem-
plates show similar threading dislocation densities in the range of
1x10% cm™2. The output powers are also comparable and in the range
of 0.4 mW at 20 mA for the emission wavelength of 268 nm. This opens
a new way for the fabrication of efficient UVC-LEDs with reduced com-
plexity and thus reduced costs.

HL 10.5 Mon 16:00 EW 203

Structural and optical properties of In;Al,Ga; , yN lay-
ers for UVB-LEDs — eToLca TEkE!, JoHaNNES EnsLIN', GUN-

NAR Kuscu?, Lucia Spasevski?, CurisTopH REeicu!, BETTINA

Nruschnurz!, Tim WERNICKE!, RoBERT MAaRTIN?, and MICHAEL
KnEissL! — !Technische Universitiat Berlin, Institute of Solid State

Physics — 2University of Strathclyde, Department of Physics, SUPA

There are numerous applications for UVB-light emitting diodes (LED)
emitting in the range from 280 nm to 315 nm such as UV-curing,
phototherapy, and plant growth lighting. However, currently the ex-
ternal quantum efficiency (EQE) of these devices is just in the low
percentage range. Several reports have indicated a strong increase
of the internal quantum efficiency (IQE) for LEDs with quaternary
InzAlyGai—;—yN quantum wells (QWs). However, detailed studies
on how the indium-content influences the IQE, polarizaion fields and
carrier localization in the QWs are still missing. In this work, we in-
vestigate bulk In; Al,Ga;_,_ 4N layers in order to realize UVB-LEDs
with IngAlyGai_z—yN QWs with different In-content and emission
wavelengths near 310 nm. A series of bulk InzAl,Ga;_, 4N layers
with thickness of 150 nm was grown by MOVPE where the In-content
was varied by changing the growth temperature and the In precursor
supply. We will present the dependence of the quaternary composition
of these layers on the growth conditions determined by wavelength
dispersive x-ray spectroscopy (WDX) and its influence on the optical
properties by photoluminescence, transmission and cathodolumines-
cence spectroscopy.

15 min. break.

HL 10.6 Mon 16:30 EW 203
Evidence of nanoscale Anderson localization induced by
intrinsic compositional disorder in InGaN/GaN quantum
wells by scanning tunneling luminescence spectroscopy —
oWieBkE Hann!, Jean-Marie LentaLi!, PrTR PorLovopov!,
NaTHAN Young?, SHusl Nakamura?, James S. Speck?, CLAUDE
WeisBucu!'2, MarceL Firocue!, Fouap Maroun!, Lucio
MARTINELLIY, YvEs Lassawry!, and JacQues PererTi! —
ILaboratoire de Physique de la Matiére Condensée, Ecole polytech-

nique, CNRS, Université Paris Saclay, Palaiseau Cedex, France —
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2Materials Department, University of California, Santa Barbara, USA

In nitride ternary alloys, intrinsic compositional disorder, resulting
from the random distribution of atoms on the crystal lattice, induces
strong electronic localization effects. We will present direct exper-
imental evidences of Anderson localization induced at a scale of a
few nanometers by the intrinsic alloy compositional disorder in an In-
GaN/GaN quantum well (QW). The experiment consists in locally in-
jecting electrons from a scanning tunneling microscope (STM) tip into
a p-type heterostructure incorporating an InGaN/GaN QW nearby the
surface. The luminescence spectrum from the electrons captured in the
QW is detected as a function of the injecting tip position. Spatial fluc-
tuations of the luminescence peak energy and linewidth are observed
on the scale of a few nanometers, characteristic of disorder-induced
carrier localization. A model based on the so-called localization land-
scape theory accounts well for the observed nanometer scale carrier
localization and the fluctuations in the luminescence peak energy.

HL 10.7 Mon 16:45 EW 203
Transport of localized charge carriers in disordered me-
dia — JEAN-MARIE LENTALI', MARCEL FiLocHE!, and eSvITLANA
MavyBoropa? — 1Physique de la Matiére Condensée, Ecole Polytech-
nique, CNRS, 91128 Palaiseau, France — 2School of Mathematics,
University of Minnesota, Minneapolis, Minnesota 55455, USA

Our work is based on the theory of the localization landscape, which
purpose is to study the effects of disorder on the localization of wave
functions without actually solving the Schrédinger equation. Bypass-
ing the Schrodinger equation notably allows 3D computations, self-
consistent with the Poisson equation and the drift-diffusion transport
equations. This new approach has been successfully applied to nitride
based structures such as InGaN quantum wells, where the disorder
stems from the random distribution of Indium atoms during growth
process [1]. However, the transport between localized states in the
plane of the well could only be described by an effective mobility, until
recently. We now propose a dynamic transport model which integrates
the coupling between neighboring localized states by an external po-
tential such as the electric field and/or the phonon-electron interac-
tion. Evaluating this coupling requires the use of the Agmon distance,
which describes the exponential decay of localized wave functions in
any dimension, and we report its first utilization in quantum physics.

[1] Localization landscape theory of disorder in semiconductors. III.
Application to carrier transport and recombination in light emitting
diodes Chi-Kang Li, et al. - Phys. Rev. B 95, 144206 - Published 18
April 2017

HL 10.8 Mon 17:00 EW 203

Electronic processes in nitride compounds and devices

— WieBKE Hann!, Jean-Marie LenTaLi!, JaMes S. Speck?
b 9 9

Craupe WErsBucHb2, MaRceL FiLocre!, Lucio MARTINELLIY, and
eJacqQuEs PerETTI! — !Laboratoire de Physique de la Matiére Con-
densée, Ecole polytechnique, CNRS, Université Paris-Saclay, 91128
Palaiseau, France — 2Materials Department, University of California,
Santa Barbara, CA, USA

Despite the fast development of nitride semiconductor technology, a
deep understanding of the fundamental properties of nitride com-
pounds and heterostructures is still lacking in order to understand the
microscopic mechanisms which govern electronic processes in nitride
devices. Here, we present unconventional approaches which allow to
address challenging issues like multivalley transport [1,2], non-radiative
recombination processes [1], disorder-induced localization effects [3-5].
Direct spectroscopic signatures of critical electronic processes are ob-
tained which provide novel inputs both for the theoretical description
of nitride compounds and heterostructures and for the modeling and
design of devices [6]. [1] Iveland et al., Phys. Rev. lett. 110, 177406
(2013) |2] Piccardo et al., Phys. Rev. B 89, 235124 (2014) [3] Filoche
et al., Phys. Rev. B 95, 144204 (2017) [4] Piccardo et al., Phys. Rev.
B 95, 144205 (2017 [5] Li et al., Phys. Rev. B 95, 144206 (2017) [6]
Hahn et al., Submitted.

HL 10.9 Mon 17:15 EW 203
Q factor limitation in the UVA in III-nitride-on-silicon pho-
tonic crystal cavities — eFARsANE TABATABA-VAKILI}'23, TaN-
Nis RoLanp!, Tui-Mo Tran!, XavieEr CHECOURY', MousTara EL
Kurpr!, SEBASTIEN SAUVAGE!, CHRISTELLE BRiMONT?, THIERRY
GuiLLET?, STEPHANIE RENNESsON®, JEAN-YVEs DuBoz®, FABRICE
SEMOND®, BruNo GavraL??, and PuiLippE Boucaup! — 1C2N,
CNRS, Univ. Paris-Sud, Université Paris-Saclay, F-91405 Orsay,
France. — 2CEA, INAC-PHELIQS, F-38000 Grenoble, France. —
3Univ. Grenoble Alpes, F-38000 Grenoble, France. — “Laboratoire
C. Coulomb (L2C), CNRS-Univ. Montpellier, F-34095 Montpellier,
France. — 9%Université Cote d’Azur, CRHEA-CNRS, F-06560 Val-
bonne, France.

)
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In this work, we investigated L3 photonic crystal (PhC) cavities that
were fabricated in a 75 nm AIN layer, containing five 1.2 nm GaN
QWs. The III-N PhC membranes were released by selective underetch-
ing of the Si substrate. The devices were probed by room temperature
micro-photoluminescence to measure the Q factor of the cavities. We
demonstrate resonances down to 315nm and Q factors up to 1085 at
337nm. Using spectroscopic ellipsometry, we determine residual ab-
sorption in thin AIN layers grown on Si by molecular beam epitaxy.
This residual absorption is expected to be the main cause of substan-
tially decreased Q factors at shorter wavelengths when no active layers
with a large absorption, such as quantum wells or quantum dots are
present. Ultimately, the residual absorption should thus limit the Q
factor to 2000 at 300 nm when no active layers are present.



