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FRONT COVER 

The award of the 2014 Nobel Prize in Physics to I. Akasaki, H. Amano, and  
S. Nakamura “for the invention of efficient blue light-emitting diodes” (LEDs)  
illustrates the worldwide societal impact of nitrides. However, despite the remarkable 
achievements of the pioneers and their followers, there are still scientific and  
technological roadblocks for LEDs to reach their physical limits. Claude Weisbuch and 
co-workers (see pp. S67–S81 here) discuss the challenges encountered by LEDs in 
their generalized application to solid-state lighting. Today’s high performance is only 
obtained in the blue/violet spectral range and at low carrier injection, a few A/cm2. 
Operation at high current densities, a prerequisite to lower lamp costs, leads to a 
nonlinear phenomenon, called droop, which diminishes the internal quantum  
efficiency (IQE) as a function of current density. This results in two major components 

of the cost of ownership of LED lamps: (i) one needs multiple LED chips to deliver the needed light output, raising the initial 
lamp cost; (ii) LEDs are operated at a diminished IQE which increases the electricity costs, and also increases the thermal load 
putting a costly burden on the package. The main challenge for LEDs is then to reduce the droop phenomenon, which will  
result in high-output single chip lamps, higher efficiencies and lower-cost lamp packages. 
 
INSIDE BACK COVER 
In a global e-waste count exceeding 40 million tons for the year 2014 and predicted 
to increase up to 33% by 2017, the humanity has a difficult issue to address –  
according to the GLOBAL E-WASTE MONITOR 2014 of the United Nations  
University’s Institute for the Advanced Study of Sustainability. One alternative to the 
problem could be the fabrication of electronics either with earthly abundant  
naturally occurring materials, or with materials derived from the natural ones. On 
pages S30–S33, Andreas Petritz and co-workers demonstrate that synthetic  
derivatives of indigo and cellulose are suitable candidates for the fabrication of  
simple electronic circuits (complementary-like inverters) meant to minimize the  
fabrication steps, while displaying good stability on operation and recording  
reasonably high static gains. The cover design by Georg Wieser (Wiesuell, 3D  
Animation and Multimedia) represents a symbolic view of the eco-friendly electronic 
circuit that floats unrestricted on the planetary ocean.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

BACK COVER 

Thin-film solar cells used to advertise themselves with the future prospect of  
significantly reduced production costs on a somewhat reduced efficiency level. In the 
past few years, however, the most promising thin-film solar technology, Cu(In,Ga)Se2 
(CIGS), has pushed maximum efficiencies further and further beyond the 20%  
barrier. Most recently the Zentrum für Sonnenenergie- und Wasserstoff-Forschung 
(ZSW) has been able to make a significant advance towards 22% efficiency by  
presenting CIGS solar cells with conversion efficiencies up to 21.7% (see the Letter 
by Jackson et al., pp. S9–S12). With this most recent development, CIGS thin-film  
solar cells now additionally can promise not only reduced production costs but also 
high efficiencies. By presenting the properties of such high-efficiency CIGS devices, a 
better understanding of the still unexploited potential of this promising technology is 
to be gained. Consequently, the paper comes to the conclusion that, in fact, we will 
see a further development of CIGS solar cell efficiencies even beyond the current  
record values in the not too distant future.     
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 EDITORIAL 
 
Page S1–S2 _____________  Sabine Bahrs, Nadezda Panarina, and Stefan Hildebrandt 

pss – taking legacy to the future 
 
Page S9–S12____________   
  Philip Jackson, Dimitrios Hariskos, Roland Wuerz, Oliver Kiowski, Andreas Bauer, 

Theresa Magorian Friedlmeier, and Michael Powalla 

Properties of Cu(In,Ga)Se2 solar cells with new record  
efficiencies up to 21.7%  
Phys. Status Solidi RRL 9(1), 28–31 (2015), DOI 10.1002/pssr.201409520 

Thin-film Cu(In,Ga)Se2 (CIGS) solar cells recently have shown 
a continual increase towards higher conversion efficiencies. 
In this Letter, the authors present the latest development 
with efficiencies up to 21.7% by describing the properties 
of such devices. These results demonstrate how highly  
capable multicrystalline thin-film solar cells can be despite 
their small grains and their host of grain boundaries within 
the light absorbing material. 

 
Page S13–S18 __________  Rapid Research Letter 
  Ying Tian, Alessandro Stroppa, Yi-Sheng Chai, Paolo Barone, Manuel Perez-Mato,  

Silvia Picozzi, and Young Sun 

High-temperature ferroelectricity and strong magnetoelectric 
effects in a hybrid organic–inorganic perovskite framework 
Phys. Status Solidi RRL 9(1), 62–67 (2015), DOI 10.1002/pssr.201409470 

A hybrid organic–inorganic framework with a perovskite-like 
structure shows a ferroelectric phase transition close to 
room temperature. Moreover, both electric field control  
of magnetization and magnetic field control of electric  
polarization are realized. This Letter demonstrates the  
promise of hybrid organic–inorganic materials for advanced 
materials with exotic electronic and magnetic properties. 

 
 
Page S19–S24___________  Rapid Research Letter 
  Piet Schönherr, Shilei Zhang, Yuanqian Liu, Patryk Kusch, Stephanie Reich, 
  Terence Giles, Dominik Daisenberger, Dharmalingam Prabhakaran, Yulin Chen,  

and Thorsten Hesjedal 

A new topological insulator built from quasi one-dimensional 
atomic ribbons 
Phys. Status Solidi RRL 9(2), 130–135 (2015), DOI 10.1002/pssr.201409518 

The authors report a novel topological insulator with  
orthorhombic crystal structure. Sb-doped Bi2Se3 is  
characterized by quasi one-dimensional, conducting atomic 
chains instead of the layered, two-dimensional sheets 
known from e.g. Bi2Se3. Both, orthorhombic Bi2Se3 and  
orthorhombic Sb2Se3 are trivial insulators, whereas  
orthorhombic Sb-doped Bi2Se3 shows a topological surface 
state with a bandgap of ~200 meV. An analysis of the 
nanowire growth and the crystal structure including  
angle-resolved photoemission spectroscopy is presented. 
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Page S25–S29 ___________  Rapid Research Letter 
Rahele Meshkian, Arni Sigurdur Ingason, Martin Dahlqvist, Andrejs Petruhins,  
Unnar B. Arnalds, Fridrik Magnus, Jun Lu, and Johanna Rosen 

Theoretical stability, thin film synthesis and transport  
properties of the Mon+1GaCn MAX phase 
Phys. Status Solidi RRL 9(3), 197–201 (2015), DOI 10.1002/pssr.201409543

The phase stability of Mo2GaC has been theoretically  
investigated. The predicted stability was experimentally  
confirmed by thin film synthesis from magnetron sputtering. 
Close to phase pure films were obtained for synthesis on 
MgO(111) substrates. The evaluation of the transport  
properties points towards the first superconducting MAX 
phase in thin film form. 

Page S30–S33 ___________  Rapid Research Letter 
  Andreas Petritz, Alexander Fian, Eric D. Głowacki, Niyazi Serdar Sariciftci,  

Barbara Stadlober, and Mihai Irimia-Vladu 

Ambipolar inverters with natural origin organic materials  
as gate dielectric and semiconducting layer 
Phys. Status Solidi RRL 9(6), 358–361 (2015), DOI 10.1002/pssr.201510139

Thin film electronics fabricated with non-toxic, low-cost  
and easily processible materials are central to emerging  
bioelectronic technologies. In this work, complementary-like 
inverters comprising transistors using synthetic derivatives of 
naturally occurring molecules indigo and cellulose are  
investigated; 6,6’-dichloroindigo is used as organic  
semiconductor and thin films of trimethylsilyl-cellulose 
(TMSC) deposited on anodized aluminium as bilayer  
inorganic–organic dielectric. These complementary-like  
inverters are ideal for circuits that trade off high  
performance by minimizing patterning and complex  
fabrication processes while having reasonably high static 
gains, high noise margin and good stability. 

Page S34–S38 ___________  Rapid Research Letter 
Gerd Plechinger, Philipp Nagler, Julia Kraus, Nicola Paradiso, Christoph Strunk,  
Christian Schüller, and Tobias Korn 

Identification of excitons, trions and biexcitons  
in single-layer WS2 
Phys. Status Solidi RRL 9(8), 457–461 (2015), DOI 10.1002/pssr.2015010224

The authors present temperature-dependent photo- 
luminescence (PL) measurements on mechanically exfoliated 
single-layer WS2. They observe neutral and charged-exciton 
(trion) PL emission. By applying a gate voltage, they can 
electrically control the ratio of exciton and trion emission.  
At high excitation densities, an additional low-energy peak 
dominates the PL, which was identified as biexciton  
emission by its power dependence and circular polarization 
degree.  
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Page S39–S44___________  Rapid Research Letter 
  Ji Won Suk, Vladimir Mancevski, Yufeng Hao, Kenneth M. Liechti,  

and Rodney S. Ruoff 

Fracture of polycrystalline graphene membranes by in situ 
nanoindentation in a scanning electron microscope 
Phys. Status Solidi RRL 9(10), 564–569 (2015), DOI 10.1002/pssr.201510244 

The failure strength of polycrystalline monolayer graphene 
grown by chemical vapor deposition is investigated by in 
situ nanoindentation in a scanning electron microscope.  
By visualizing the grain boundaries with carbon isotope  
labeling and Raman mapping techniques, the mechanical 
property of monolayer graphene is correlated with the  
grain boundary density. 

Page S45–S46 _________  More to read in physica status solidi (RRL) 

Page S47–S53___________  Original Paper 
  Rolf Öttking, Steve Kupke, Ebrahim Nadimi, Roman Leitsmann, Florian Lazarevic, 

Philipp Plänitz, Guntrade Roll, Stefan Slesazeck, Martin Trentzsch,  
and Thomas Mikolajick 

Defect generation and activation processes in HfO2 thin films: 
Contributions to stress-induced leakage currents 
Phys. Status Solidi A 212(3), 547–553 (2015), DOI 10.1002/pssa.201431697 

An important source of degradation in thin dielectric  
material layers is the generation and migration of oxygen 
vacancies. Öttking et al. investigated the formation of  
Frenkel pairs in HfO2 as the first structural step for the  
creation of new defects as well as the migration of  
preexisting and newly built oxygen vacancies by nudged-
elastic-band calculations and stress-induced leakage current  
experiments. The analysis indicates, that for neutral systems 
no stable intimate Frenkel pairs are built, whereas for the 
charge states q = ±2 Frenkel pairs are formed at threefold 
and at fourfold coordinated oxygen lattice sites. 

Page S54–S59___________  Original Paper  
Pengbo Liu, Hui Huang, Xueyu Liu, Min Bai, Danna Zhao, Zhenan Tang,  
Xianliang Huang, Ji-Yeun Kim, and Jinwei Guo 

Core–shell nanowire diode based on strain-engineered bandgap 
Phys. Status Solidi A 212(3), 617–622 (2015), DOI 10.1002/pssa.201431727

Bandgap engineering is important for realizing high-
performance heterojunction devices. In comparison with 
bulk materials, nanowires (NWs) show advantages in  
accommodating the misfit strain that results from lattice 
mismatch between materials. Thus, it is promising to strain-
engineer the NW bandgap for realizing high-carrier-mobility 
diodes. Pengbo Liu et al. carried out an investigation on NW 
diodes with a tapered InAs/InP core–shell structure. The 

strain distribution along the NW can be changed via the shell thickness and the gradient of 
the tapering. Due to the misfit strain between InAs/InP, a strain-induced bandgap variation of 
0.21 eV along the tapered InAs wire, which results in rectifying I–V characteristics of the diode, 
was realized with an InP shell thickness of 6.5 nm.  
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Page S60–S66 ___________  Advanced Materials Physics 
Masahiro Mori, Yasuhiko Shimotsuma, Tomoaki Sei, Masaaki Sakakura,  
Kiyotaka Miura, and Haruhiko Udono 

Tailoring thermoelectric properties of nanostructured crystal 
silicon fabricated by infrared femtosecond laser direct writing 
Phys. Status Solidi A 212(4), 715–721 (2015), DOI 10.1002/pssa.201531777

Nanostructuring of the interior of semiconductors without 
surface damage is successfully accomplished by infrared  
ultrashort laser double-pulses. Self-organized nanostructures 
inside a semiconductor can be induced empirically only if  
it is an indirect band gap semiconductor. Such strained  
silicon nanostructures with high electric and low thermal  
conductivity open the door for the fabrication of  
self-contained thermoelectric devices. 

Page S67–S81 ___________  Review Article 
  Claude Weisbuch, Marco Piccardo, Lucio Martinelli, Justin Iveland, Jacques Peretti,  

and James S. Speck 

The efficiency challenge of nitride light-emitting diodes  
for lighting 
Phys. Status Solidi A 212(5), 899–913 (2015), DOI 10.1002/pssa.201431868

The authors discuss the challenges of light emitting diodes 
(LEDs) in view of their application to solid-state lighting. 
They show that in view of the cost of ownership and of  
carbon emission reduction, the relevant metrics is efficiency  
(lumens/watts), more than the cost of lumens (lumens/$). 
Then, progress from present performance requires  
identification of the loss mechanisms in light emission from 
LEDs. This requires the analysis of both electronic and 
photonic processes in LEDs. 

Page S82–S83 __________  More to read in physica status solidi (a)  

Page S84–S92 ___________  Review Article  
John L. Lyons, Audrius Alkauskas, Anderson Janotti, and Chris G. Van de Walle 

First-principles theory of acceptors in nitride semiconductors 
Phys. Status Solidi B 252(5), 900–908 (2015), DOI 10.1002/pssb.201552062

In this article recent advances in the understanding of  
acceptor species in the nitride semiconductors are reviewed. 
Achieving efficient p-type doping in the nitrides is limited  
by the large ionization energies of these acceptors, and  
advanced theoretical calculations have shed light on the 
physical origin of this behavior. Also presented here are  
new results on gallium vacancies, which are thought to be 
the dominant acceptor point defects in GaN. 
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Page S93–S96___________  Original Paper 
Chan Soo Ha, Eric Hestekin, Jianheng Li, Michael E. Plesha, and Roderic S. Lakes 

Controllable thermal expansion of large magnitude in chiral 
negative Poisson’s ratio lattices 
Phys. Status Solidi B 252(7), 1431–1434 (2015), DOI 10.1002/pssb.201552158 

Lattices of controlled thermal expansion are presented 
based on a planar chiral lattice structure with Poisson’s ratio 
approaching –1. The thermal expansion values can be  
arbitrarily large positive or negative. A lattice was fabricated 
from bimetallic strips and the properties analyzed and  
studied experimentally. The effective thermal expansion  
coefficient of the lattice is about α = –3.5 × 10–4 K–1. This  
is much larger in magnitude than that of the constituent  
metals.   

 
Page S97–S101 _________  Invited Article 

Ado Jorio, Mark Kasperczyk, Nick Clark, Elke Neu, Patrick Maletinsky,  
Aravind Vijayaraghavan, and Lukas Novotny 

Stokes and anti-Stokes Raman spectra of the high-energy C–C 
stretching modes in graphene and diamond 
Phys. Status Solidi B 252(11), 2380–2384 (2015), DOI 10.1002/pssb.201552224 

This article presents experimental data on the inelastic light 
scattering in diamond and graphene. While the procedure 
reported here has been broadly used to measure the local 
temperature in materials science, the authors show that the 
theoretical background for such has to be generalized to 
account for an effect named here “Stokes–anti-Stokes  
correlation”. Although this is a rare event, the present  
work shows evidences that it might be important in  
nanomaterials. 

 
Page S102–S107 ________  Invited Article 

Marc Drögeler, Frank Volmer, Maik Wolter, Kenji Watanabe, Takashi Taniguchi, 
Daniel Neumaier, Christoph Stampfer, and Bernd Beschoten 

Nanosecond spin lifetimes in bottom-up fabricated bilayer  
graphene spin-valves with atomic layer deposited Al2O3 spin  
injection and detection barriers 
Phys. Status Solidi B 252(11), 2395–2400 (2015), DOI 10.1002/pssb.201552418 

In this work, Drögeler et al. investigate the contact and spin 
transport properties of graphene non-local spin valves using 
a bottom-up fabrication method for two sets of devices. In 
the first device, the authors use Co/MgO contacts grown by 
MBE and investigate the effect of oxidation on the contact 
and spin transport properties. In a second device, an Al2O3 
barrier grown by ALD on top of MBE-grown Co electrodes is 
used in order to achieve more homogeneous barriers.   

Page S108–S109 _______  More to read in physica status solidi (b)  
 

Page S110–S111 _______  Recent and forthcoming Special Issues in physica status solidi   


