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HL 42.1 Wed 9:30 EW 015

Charging dynamics of a floating gate transistor with

site-controlled quantum dots — ePaTrick MAaIER!, FABIAN
HARTMANN!, MoONIKA EMMERLING!, CHRISTIAN SCHNEIDER!, SVEN
HorLiNngb2, MarriN  Kamp!, and Lukas Worscuecu! —

ITechnische Physik, Physikalisches Institut, Wilhelm Conrad Rént-
gen Research Center for Complex Material Systems, Universitét
Wiirzburg, Am Hubland, D-97074 Wiirzburg, Germany — 2present
address: SUPA, School of Physics and Astronomy, University of St.
Andrews, St. Andrews, KY16 9SS, UK

Quantum dots can serve as floating gates when positioned in close
vicinity to a transistor channel. We have used templates in combina-
tion with regrowth techniques by means of molecular beam epitaxy
to position single InAs quantum dots in a GaAs based quantum wire.
The floating gate properties were studied in terms of transport mea-
surements. By sampling of different gate voltage sweeps for the de-
termination of charging and discharging thresholds, it was found that
discharging takes place at short time scales of microseconds, whereas
several seconds of waiting times within a distinct negative gate volt-
age range were needed to charge the quantum dots. Such quantum dot
structures have the potential to implement logic functions comprising
charge and time dependent ingredients such as counting of signals or
learning rules.

HL 42.2 Wed 9:45 EW 015
Charge transition levels of oxygen, lanthanum and fluorine
related defect structures in bulk hafniumdioxide (HfOZ2):
an ab initio investigation. — eRomMAN LEITSMANN!, FLORIAN
Lazarevic!, Rorr Orrking2?, Eranim Napimmi®, and PuiLipp
PriniTz! — 1AQcomputare GmbH, 09125 Chemnitz, Germany —
2Institute of Physics, Illmenau University of Technology, 98693 Illme-
nau, Germany — 3K. N. Toosi University of Technology, Faculty of
Computer and Electrical Engineering, 14317-14191 Tehran, Iran

2

Intrinsic defect structures and impurity atoms are one of the main
source of leakage current in metal-oxide-semiconductor devices. Using
state of the art density functional theory we have investigated oxy-
gen, lanthanum, and fluorine related defect structures and possible
combinations of them. In particular we have calculated their charge
transition levels in bulk m-HfO2. The obtained results are able to ex-
plain the experimentally observed reduction of the trap density after
NF3 treatment [1].
[1] M. Drescher et al., J. Vac. Sci. Technol. accepted (2014).

HL 42.3 Wed 10:00 EW 015
Resonant tunnelling structures to improve the erase time
in memory devices based on quantum dots — elsmaiL FiI-
RAT ARIKAND2, ToBias Nowozin!, DiETER BIMBERG!, and NURTEN
Oncan? — llnstitut fiir Festkorperphysik, Technische Universitit
Berlin, Hardenbergstrasse 36, 10623 Berlin, Germany — 2Department
of Physics, Faculty of Science, Istanbul University, 34134 Vezneciler,
Istanbul, Turkey

We develop a memory device based on self-assembled quantum dots
(QDs) called QD-Flash in order to combine the advantage of both
DRAM and Flash Memory, i.e. non-volatility, fast write time (ns) and
good endurance. While the write performance is promising, there is a
trade-off for erasing performance: When the localization energy of the
holes in the QDs is increased to further increase the storage time, the
erase time also increases due to the increased tunnelling barrier. Imple-
menting a superlattice structure, which allows resonant tunnelling as
erasing mechanism, eliminates the trade-off between storage and erase
time. In such a structure, it is possible to switch the transparency
between very high and very low values by varying a bias voltage.

In this work, the concept of designing such a superlattice structure
is presented. The structures are simulated using a One-Dimensional
Poisson Solver and a Non-Equilibrium Green’s Function Formalism.
Results are presented.

HL 42.4 Wed 10:15 EW 015
Growth of Ing5Gap.sAs/GaP quantum dots, manipulation
of optical transitions by epitaxial means, and application in
nano memory cells — e GERNOT STRACKE, ELIsA SaLa, LEo Bon-
ATO, MANUEL GSCHREY, SVEN RoDpT, SOREN SELVE, TORE NIER-

: Devices

Location: EW 015

MANN, CHRISTOPHER PRoHL, ANDREA LENZ, HOLGER EISELE, AN-
DREI SCHLIWA, ANDRE STRITTMATTER, and DIETER BiMBERG — In-
stitut fiir Festkorperphysik, Institut fiir Optik und Atomare Physik
und Zentraleinrichtung Elektronenmikroskopie, Technische Universitat
Berlin

InGaAs quantum dots (QDs) embedded in GaP have recently attracted
attention for nano memory cells and monolithic integration of III/V-
devices on silicon. A QD size- and strain- dependent transition from
indirect to direct optical emission was predicted. Here we report on
direct-gap Ing.5Gag.5As/GaP(001) QDs grown by metalorganic vapor
phase epitaxy with strong optical emission. To initiate the three-
dimensional growth mode of Ing 5Gag.5As on GaP, the GaP surface
is covered with 2 monolayers (ML) of GaAs prior to InGaAs depo-
sition. A second GaAs layer of 1-2 ML thickness grown on top of
the QDs allows for improved strain relief of the QDs and results in a
red-shift of QD luminescence from 722 nm to 843 nm, and an increase
in luminescence intensity by more than one order of magnitude. The
storage time of holes in Ing.5Gag.5 As/AlP QDs is determined by deep
level transition spectroscopy to 230 s at room temperature, the highest
value hitherto measured in QDs. Thus, QDs in a (Ga,Al)P matrix
represent promising candidates for future nano memory devices.

Coffee break
HL 42.5 Wed 10:45 EW 015

High-resolution in-situ electron beam lithography for deter-
ministic nanophotonic device processing — ¢ MANUEL GSCHREY,
RonNy ScuMIDT, ARSENTY KAGANskIY, SVEN RopT, and STEPHAN
REITZENSTEIN — Institut fiir Festkorperphysik, Technische Universitat
Berlin, Hardenbergstrafte 36, D-10623 Berlin

Advances in the field of quantum communication and computation us-
ing single semiconductor quantum dots (QDs) as emitters of single and
indistinguishable photons rely crucially on the development of novel de-
terministic device technologies. As such, in-situ electron-beam lithog-
raphy combines the benefits of high-resolution electron-beam lithog-
raphy (EBL) and deterministic fabrication of nanostructures via con-
venient preceding luminescence mapping by cathodoluminescence [1].
For the application of this technique, a thorough understanding of the
alignment accuracy, the writing resolution and the low temperature
resist properties is inevitable. In this work we address these important
points by a statistical analysis of our in-situ lithography technology
platform. We find the the alignment accuracy is well below 50 nm
and that circular mesas and wires with feature sizes down to 100 nm
can be realized routinely. Moreover, studying the dose and temper-
ature dependence of various common resists has revealed that poly-
methylmethacrylate (PMMA) is most suitable for 2D and 3D EBL at
cryogenic temperatures.

[1] M. Gschrey et. al, APL 102, 251113 (2013)

[2] M. Gschrey et. al, J. Vac. Sci. Technol. B 32, 061601 (2014)

HL 42.6 Wed 11:00 EW 015
On the Photocurrent-Voltage Relations of Resonant Tun-
neling Photodetectors — eANDREAs PrENNING!, FaBIAN
HarTMANN!, FaBian Langer!, Sven HorFLINGD 2, MaRTIN Kamp!,
and Lukas WorscHEcH! — !Technische Physik, Physikalisches In-
stitut, Universitat Wiirzburg and Wilhelm Conrad Rontgen Re-
search Center for Complex Material Systems, Am Hubland, D-97074
Wiirzburg, Germany — 2SUPA, School of Physics and Astronomy,

University of St Andrews, St Andrews, KY16 9SS, United Kingdom

We present a study of the photocurrent-voltage relations and photo-
generated charge accumulation dynamics of resonant tunneling diode
(RTD) photodetectors. The RTDs are based on an AlGaAs/GaAs
double barrier structure with a nearby and lattice matched GalnNAs
absorption layer. The RTDs were studied for light sensing at the
telecommunication wavelength A=1.3 um by means of electro-optical
transport measurements. A strong nonlinear photocurrent-voltage re-
lation was found and is attributed to three voltage dependent parame-
ters: the quantum efficiency 7(V), the mean lifetime of photogenerated
and accumulated charge carriers 7(V) and the RTD’s current-voltage
characteristic in the dark I(V).

HL 42.7 Wed 11:15 EW 015
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Ultraviolet photodiodes from visible-blind to solar-blind
spectral range based on (Gaj_z,In;)203 thin films — eZHIPENG
ZHANG, HOLGER VvON WENCKSTERN, STEFAN MULLER, DANIEL
SpLITH, JORG LENZNER, MICHAEL LORENZ, and MARIUS GRUNDMANN
— Universitat Leipzig, Fakultat fiir Physik und Geowissenschaften, In-
stitut fiir Experimentelle Physik II, Linnéstrafte 5, 04103, Leipzig

We report on the fabrication of ultraviolet photodiode arrays based
on Si-doped (Gai—g,Inz)203 thin films [1] having a monotonous lat-
eral variation of the indium content z from 0 to 0.8 as determined
by energy-dispersive X-ray diffraction spectroscopy. The wavelength-
selectivity of the device from visible-blind to solar-blind spectral range
is realized by using a continuous composition spread approach [2,3] for
pulsed-laser deposition. We ablate a single but segmented target con-
sisting of semicircular segments of IngO3z and GaO3z both containing
0.1 wt.% SiO2 in addition.

The structural properties of the thin film are investigated by spa-
tially resolved X-ray diffraction measurements revealing phase sepa-
ration for x > 0.2. The photoresponse of the photodiodes is deter-
mined from a metal-semiconductor-metal structure at room tempera-
ture. The onset of the absorption was tuned from 4.8 to 3.2eV with
increasing indium content within a single 2 inch wafer sample.

[1] H. von Wenckstern et al., Semic. Sci. Technol., accepted (2014)

[2] H. von Wenckstern et al., CrystEngComm. 15, 10020 (2013)

[3] Z. Zhanget al., IEEE J. Sel. Top. Quantum Electr. 20, 3801606 (2014)

HL 42.8 Wed 11:30 EW 015
Stability of QD excited-state laser emission under simul-
taneous ground-state perturbation — eYUcEL KapTan!, AN-

DRE RoOHM2, Bastian Herzoc!, BenjamIN LinaNaUu?2, HOLGER

SCHMECKEBIERS, DEJAN ARSENIJEVIGS, VISSARION MIKHELASHVILI?,
OLIvER ScHOPs!, Mirco Korarczik!, Gapr EisensTeiN?, DIETER
BimBERGS, ULRIKE WocGon!, NINaA OwscHimikow!, and Karny
Ltpee? — lInstitut fiir Optik und Atomare Physik, Technische Uni-
versitit Berlin, Berlin, Germany — 2Institut fiir Theoretische Physik,
Technische Universitit Berlin, Berlin, Germany — 3Institut fiir Fes-
tkorperphysik, Technische Universitat Berlin, Berlin, Germany —
4Technion Institute of Technology, Faculty of Electrical Engineering,

Haifa, Israel

State of the art in optoelectronic devices based on In(Ga)As-quantum
dots (QDs) is the primary use of the energetically lowest bound QD
state, the ground state (GS). Using also excited states (ES) may pro-
vide additional functionalities. We investigate QD ES lasers and pro-
vide conclusions for the realization of multi-state QD devices. We
study the impact of GS amplification on simultaneous ES lasing via
time-resolved emission measurements and find that a depopulation of
the QD GS is followed by a drop in ES lasing intensity, strongly de-
pending on wavelength of the depletion pulse and injection current.
Numerical simulations based on laser rate equations reproduce the ex-
perimental results by taking into account the different dynamics of
lasing and non-lasing QD subensembles within the inhomogeneously
broadened spectrum [1]. [1] Y. Kaptan et al., Appl. Phys. Lett. 105,
191105 (2014)

HL 429 Wed 11:45 EW 015
25 Gb/s phase modulation with 1.3 pym semiconductor op-
tical amplifiers based on InAs quantum dots — eANiIssa
Zecruz1!, HOLGER SCHMECKEBIER!, MIRKO STUBENRAUCH!, CHRIS-
TIAN MEUER?, CHRISTIAN-ALEXANDER BuUNGE3, and DIETER
BiMBERG! — !Technische Universitit Berlin — 2Fraunhofer Heinrich-

Hertz-Institut Berlin — 3Hochschule fiir Telekommunikation Leipzig

The number of components and thus costs in optical networks, e.g.
in PON, can be significantly reduced by merging modulators and am-
plifiers. Since the real and the complex part of the susceptibility are
decoupled in QD devices, the phase can be changed individually. The
phase modulation is realized by means of the direct modulation in-
duced change of current density, resulting in a change of effective re-
fractive index of the ridge waveguide. The SOAs are driven in the QD
ground state saturation regime with a high suppression of amplitude
modulation. Therefore no patterning occurs in contrast to on-off- key-
ing modulation scheme. Thus amplitude modulation was limited to
6 Gb/s, but phase modulation up to 25 Gb/s is demonstrated with-
out any additional electrical pre- or post-processing (BER < 10’9).
Furthermore modulation of 20 Gb/s bit rate is achieved at a small cw
input power of only - 11 dBm.



