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Pump-power-driven mode switching in quantum-dot mi-

crolasers — eHEINRICH A.M. LEymMaNND2 DANIEL VORBERG?Z,
1 3

TrOMAS LETTAU!, CaAspAR HoPFMANN?, CHRISTIAN SCHNEIDER?,

Marrin Kamp?, Sven HorLiNg?*, RoLanp KeTzMmERICK?S, JAN
Wigrsic!, STEPHAN REITZENSTEIN®, and ANDRE EckarRDT? — 1OvG
Universitit Magdeburg — 2MPI PKS Dresden — 3Technische Uni-
versitiat Berlin — 4Universitdt Wiirzburg — 5Technische Universitit

Dresden

We investigate the switching of the steady-state lasing mode of a high-
[ quantum-dot microlaser, occurring in bimodal lasers when varying
the pump power. Comparing experiment to theory, we identify the
underlying mechanism to be based on the competition between the ef-
fective gain on the one hand and the inter-mode kinetics on the other.
We show that, while the largest effective gain determines the laser
mode for weak pumping (just above the lasing threshold), it is the
inter-mode kinetics that selects the laser mode in the limit of strong
pumping. We point out that the latter mechanism is akin to (non-
equilibrium) condensation of massive bosons. This similarity allows
us to describe the mode switching by generalizing the theory of Bose
selection and to obtain an analytical criterion for the mode selection.
Within this framework, we find that the excitation-power-dependent
switching from one laser mode to the other occurs via an intermediate
phase, where both modes are lasing. Finally, we employ exact numeri-
cal simulations to investigate the origin of the experimentally observed
super-thermal intensity fluctuations of the non-lasing mode.

HL 18.2 Mon 15:00 POT 06
First order coherence of semiconductor nanowire lasers
— oFRrRANZ LANGRIEGER, MICHAEL KANIBER, THOMAS STETTNER,
PHiLipP ZIMMERMANN, GREGOR KOBLMULLER, and JONATHAN J.
FinLEy — Walter Schottky Institut and Physik Department, Tech-
nische Universitdt Miinchen, Garching b. Miinchen, Germany

We experimentally probe the temporal coherence of the emission from
individual GaAs-AlGaAs core-shell nanowire lasers dispersed onto
Al20O3 substrates. Excitation power dependent photoluminescence
spectroscopy shows continuous wave lasing from individual nanowires
with threshold power densities of 11.3 + 0.8 kW /cm2 and lasing per-
sists from cryogenic temperatures up to T=140K. By measuring the
first order coherence using a Michelson interferometer we obtain co-
herence times 7. of a few ps. Our results are compared with spectral
linewidth measurements of the lasing mode. The mechanism that lead
to a limitation of the coherence times in nanowire lasers will be dis-
cussed.

HL 18.3 Mon 15:15 POT 06
Controlling the influence of background emitters on lasing
in quantum dot micropillars — eFaBIAN GERICKE!, MAWUSSEY
SEaNON3, MARTIN voN HELVERSEN!, ToBias HEINDEL!, CHRISTIAN
ScHNEIDER?, FRANK JAHNKES, SvEN HOFLINGZ?, ANNA MusiaLZ,
Xavier PorTEZ, MARTIN KaMP2, CHRIsSTOPHER GIES3, and STEPHAN
RErTzENSTEIN' — !nstitut fiir Festkérperphysik, Technische Univer-
sitiat Berlin, Germany — 2Technische Physik, Universitit Wiirzburg,
Germany — SInstitut fiir Theoretische Physik, Universitit Bremen,
Germany

In case of microlasers with a low number of quantum dots (QDs) acting
as gain material, it is important to consider the relative gain contribu-
tion from individual QDs. In particular, in the single QD lasing regime
one has to distinguish between the gain contribution of a single QD
in resonance with the cavity mode and that of additional off-resonant
emitters. In this regime, we control and study the relative gain contri-
bution of the resonant QD and a small ensemble of non-resonant QDs
by using a two-color excitation scheme. The experiments are sup-
ported by a theoretical description in which we describe the system
using a microscopic semiconductor model. This enables us to discrim-
inate a truly single QD laser from a device where lasing threshold is
enabled by additional background emitters. We show that a single
QD in the spontaneous emission regime contributes with up to 70% to
the laser output. Interestingly, increasing the number of contributing
off-resonant emitters changes the effective beta-factor and lowers the
laser threshold.

Location: POT 06

HL 18.4 Mon 15:30 POT 06
Gain compression induced polarization mode competition
in quantum-dot micropillar lasers: Effects of coherent feed-
back on multi-mode rate equations — eBENJjAMIN KURT MILLER,
CHrisToPH REDLICH, LINA JAURIGUE, BENJAMIN LiNGNAU, and
Karay LUDGE — Institut f. Theo. Physik, Sekr. EW 7-1, Technische
Universitat Berlin, Hardenbergstr. 36, 10623 Berlin, Germany

Quantum-dot (QD) high-Q micropillar lasers are promising optoelec-
tronic devices for data communication. The effects of feedback on QD
lasers has profound consequences on stability and behavior, as seen in
our previous work on single-mode QD micropillar lasers [1]. We in-
vestigated bimodal systems without feedback [2] and our preliminary
results found that introducing feedback would induce novel dynamics.
We present a bifurcation analysis of two-mode light emission from QD
semiconductor micropillar VCSEL lasers subjected to optical feedback.
Our model includes multi-mode rate equations with phenomenological
gain compression parameters; a deterministic spontaneous emission
parameter; and delayed, optical feedback. In this presentation, we
consider the effects of tuning feedback phase, time delay, and intensity
on the stability and output of a QD micropillar VCSEL. Our results
offer optimization data for future experimental implementation.

References: [1]C. Otto, B. Globisch, K. Liidge, E. Scholl and T.
Erneux, Int. J. Bifurcation Chaos 22, 1250246 (2012). [2]C. Redlich,
B. Lingnau, S. Holzinger, E. Schlottmann, S. Kreinberg, C. Schneider,
M. Kamp, S. Hofling, J. Wolters, S. Reitzenstein, and K. Liidge, New
J. Phys. 18, 063011 (2016).

HL 18.5 Mon 15:45 POT 06
Non-markovian delay in the formation of coherence in a
pulsed quantum-dot crytal laser — eMawUssEY SEGNON!, Ga-
LAN Moobpy?, FRANK JAHNKE!, MARTY STEVENS? und CHRISTOPHER
Gies! — Institute for Theoretical Physics, University of Bremen, P.O.
Box 330 440, 28334 Bremen, Germany — 2Departement of Physics,
University of Colorado and National Institute of Standards and Tech-
nology, Boulder, Colorado 80309-04440 USA

Photonic crystal (PC) cavities represent one way of tailoring the elec-
tromagnetic environment of an emitter and constitute an important
structure for studying quantum electrodynamic phenomena. Within
this work, we present results for time-resolved photon-correlation spec-
troscopy and its interpretation in terms of theory of InAsP/InP quan-
tum dots (QDs) coupled to L3 cavity of a PC structure. The theore-
tical model, having its basis on a microscopic Hamiltonian of the QD
and the quantum mechanical light field, allows us to access the out-
put intensity and the second-order correlation function g(2) (t,7 = 0).
When using pulsed excitation, the time evolution of the photon num-
ber crosses different regimes of thermal and coherent light, together
making up the emitted pulse. We find systematic shifts between the
time-resolved intensity pulse maximum and the coherence maximum
revealed in ¢(2)(t,7 = 0). It is demonstrated that this stems from
non-Markovian effects in the correlation dynamics. Our findings point
out the possibility of using such devices as thermal light sources with
unconventionally large output power.

Coffee Break

HL 18.6 Mon 16:30 POT 06
Stability in Optically Injected Two-State Quantum Dot
Lasers — oSTEFAN MEINECKE, BENJAMIN LINGNAU, ANDRE ROHM,
and KAty LUDGE — Technische Universtitat Berlin, Berlin, Germany

Semiconductor lasers based upon self-assembled quantum-dots (QDs)
are promising sources for applications in optical networks used e.g. for
data transmission via optical fibers. Recently, their ability to show si-
multaneous two-state lasing became the focus of diverse investigations.

We theoretically study a two-state quantum-dot laser subjected to
optical injection into the ground state from a master laser. Our model-
ing approach is based on microscopically based rate-equations and goes
beyond the constant alpha-factor approximation by including carrier
dependent frequency shifts obtained from a full Bloch-equation ap-
proach.

Our results nicely reproduce recent experimental results on optical
bistability. Furthermore, we show an increase of the dynamical stabil-
ity of the two-state QD laser if compared to a single-color QD laser.
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We find that the chaotic dynamics, predicted for single-color QD lasers
under strong and detuned injection, completely vanish, if excited state
lasing is possible [1]. This phenomenon is surprising, as an increase
in the dynamical complexity, i.e. the degrees of freedom, leads to a
stabilization of the device.

[1] S. Meinecke, B. Lingnau, A. Rohm, K. Liidge, Ann. d. Physik
(2017)

HL 18.7 Mon 16:45 POT 06
Towards self-mode locking of VECSELs in the red spectral

range — eMaRrius GrossManN!, Roman Brk!, Max VAUPEL?,

HErRMANN KAHLE!, THOMAS SCHWARZBACK!, ARASH RAHIMI-IMANZ,
MicuAEL JeTTER!, MARTIN Kocu?, and PETER MicHLER! —
nstitut fiir Halbleiteroptik und Funktionelle Grenzflichen and Re-
search Centers SCoPE and IQST, Universitét Stuttgart, Allmandring
3, 70569 Stuttgart, Germany — 2Department of Physics and Materi-
als Sciences Center, Philipps-Universitdt Marburg, Renthof 5, 35032

Marburg, Germany

The introduction of mode-locked vertical external-cavity surface-
emitting lasers (VECSELs) in 2000 was followed by tremendous
progress in laser performance, especially for mode locking within the
IR spectral range. Such devices facilitate a compact realization of ul-
trafast and -short pulse generation and are certainly desirable over a
wide wavelength range. The recently demonstrated self-mode locking
technique simplifies these devices even more, bypassing the intrinsic
non-saturable losses of semiconductor saturable absorber mirrors.

We present the characterization of pulsed VECSELs with repetition
rates in the GHz regime with focus on self-mode locking in the red
spectral range. Our semiconductor structures are fabricated by metal-
organic vapor-phase epitaxy. The active regions consist of quantum
wells or dots based on the AlGalnP material system. Current re-
search includes the investigation of hard and soft aperture modulation
initiating the pulsed operation as well as the effect of the gain chip
characteristics on the mode locking behavior.

HL 18.8 Mon 17:00 POT 06

Optical losses in intra-cavity heat spreaders for GaSb based

VECSELs — eCHIARA LINDNER, STEFFEN ADLER, PETER HoLL,
ANDREAS BAcHLE, ELKE Diwo-EMMER, RoLF Aibam, and MARCEL
RATTUNDE — Fraunhofer-Institut fiir Angewandte Festkorperphysik

TAF, Tullastr. 72, D-79108 Freiburg, Germany

Semiconductor disk lasers, also known as vertical-external-cavity
surface-emitting lasers (VECSEL), exhibit the wavelength versatility

of semiconductor lasers in combination with the capability of a nearly
diffraction-limited high-power output. In order to achieve this, an ef-
ficient heat extraction from the active medium is needed. For GaSb
(and also InP) based VECSEL, heat extraction through the distributed
Bragg reflector is inefficient and thus has to be realized with an intra-
cavity heat spreader. Due to their transparency at emission and pump
wavelength and high thermal conductivity, silicon carbide (SiC) and
diamond are most often applied.

Using a diamond heat spreader, a GaSb based VECSEL with up to
20 W output power at room temperature at 2 um emission wavelength
has been reported recently. However, the quality of the optical grade
diamond still differs significantly from sample to sample.

In this presentation, we report on the results of a new experimen-
tal setup designed to determine the optical intra-cavity losses and the
homogeneity of heat spreaders. We will compare different SiC and di-
amond based samples and discuss their influence on power scaling of
VECSEL with an intra-cavity heat spreader.

HL 18.9 Mon 17:15 POT 06
Measuring the Photon Number Distribution of a Bimodal
Quantum Dot Microlaser — eELISABETH SCHLOTTMANNY, MAR-
TIN VON HELVERSEN!, MaRrRco ScumipT!:2, FELIX KRUGER!, HEIN-
RICH A.M. LEyMANN3, THOMAS LETTAU?, ALEXANDER FOERSTER?,
MixkaveL KHANBEKYAN?, CHRISTIAN SCHNEIDER®, SVEN HOFLING?,
MarTiN Kamp®, JO6rRN BEYER?, Jan Wigrsic?, and STEPHAN
REITZENSTEIN! — !Technische Universitdt Berlin — 2Physikalisch
Technische Bundesanstalt — S3MPIPKS Dresden — “Universitit

Magdeburg — ®Universitit Wiirzburg

Microlasers operating in the regime of cavity quantum electrodynam-
ics (cQED) exhibit enhanced coupling of spontaneous emission into
the cavity mode. This leads to a smooth transition from thermal to
coherent emission at threshold which makes it difficult to prove lasing
solely by the input-output behavior. Against this background, mea-
suring the second order auto-correlation function 9(2)(7) has become
a valuable tool to identify laser action. Beyond that, g(2)(7) is also
indicative for superradiance, mode-switching or thermal emission.
Here, we apply for the first time a photon number resolving transition
edge sensor (TES) to directly access the photon number distribution of
quantum dot microlasers. Our combined experimental and theoretical
study demonstrates that TES detectors can be used to differentiate
between mode-switching and thermal emission of bimodal microlasers.
Both show a ¢()(0) ~ 2, but in the case of switching, a linear combi-
nation of a thermal and a coherent distribution appears in the photon
number distribution.



