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Ultrafast Spin-Lasers — MAaRKUs LINDEMANN!, NaTALIE Jungl,
Tosias Puscu?, Gaorenc Xu3, PascaL StabpLer!, Icor ZuTic?,
RAINER MicHALzikZ, MARTIN R. HorMmann!, and eNms C.
GERHARDT'! — !Photonics and Terahertz Technology, Ruhr-
University Bochum, 44780 Bochum, Germany — 2Institute of Func-
tional Nanosystems, Ulm University, 89081 Ulm, Germany —
3Department of Physics, University at Buffalo, State University of
New York, Buffalo, New York 14260, USA

Current-driven intensity modulated semiconductor lasers are key de-
vices for optical transmitters in short-distance data transmission, but
their modulation bandwidth is usually limited to values below 50 GHz.
By exploiting the coupling between carrier spin and light polarization
in semiconductor spin-lasers, the modulation frequencies in such lasers
can be increased to values above 200 GHz [1]. These high frequen-
cies are achievable by increasing the resonance frequency of the cou-
pled spin-photon system using strong birefringence in the laser cavity.
Birefringent spin-lasers are capable to provide polarization modula-
tion bandwidths and digital data transmission rates of more than 240
GHz and 240 Gbit/s respectively [1]. In contrast to intensity mod-
ulation in conventional lasers, polarization modulation in spin-lasers
is largely independent of the pumping level. This makes spin-lasers
perfect candidates for future ultrafast communication systems with
extraordinarily low power consumption.
[1] M. Lindemann et al., Nature 568, 212 (2019).

HL 81.2 Fri 10:00 POT 81
Fabrication of spectrally homogeneous microlaser arrays
as a nanophotonic hardware for reservoir computing —
eToBias Heuser!, JAN Grosse!, DANIEL BRUNNER2, and STEPHAN
REITzENSTEIN! — !nstitut fiir Festkérperphysik, Technische Univer-
sidt Berlin, D-10623 Berlin, Germany — 2FEMTO-ST, 15B Avenue
des Montboucons, 25030 Besangon, France

Reservoir computing is a powerful machine learning concept for a new
kind of neural inspired data processing. In this concept an interacting
network of nodes is evaluated by a trained readout for applications like
fast pattern recognition. To further improve the performance of this
concept, a photonic hardware implementation is of particular interest.
Here, we report on our newest developements in the fabrication pro-
cess, lasing performance and polarisation characteristics of large 2D
arrays of microlasers, specifically quantum dot micropillars [1]. These
arrays will serve as a nonlinear network via diffractive optical coupling
[2]. For this spectral alignment of the involved lasers is crucial. To
achieve this with a spectral homogeneity better than 200ueV through-
out the array of up to 900 lasers, shifts of the emission energy are
compensated by precisely adjusting the radius of the fabricated mi-
cropillars based on the local sample emission|3, 4].
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HL 81.3 Fri 10:15 POT 81
Dynamic instabilities in gain-folded mode-locked VECSELs
— eMaRIus GRrRossMANN!, RomaN Bek2, MicHAEL JETTER!, and
PeTER MIcHLER! — !Institut fiir Halbleiteroptik und Funktionelle
Grenzflachen, Center for Integrated Quantum Science and Technology
(IQST) and Research Center SCoPE, University of Stuttgart, Allman-
dring 3, 70569 Stuttgart, Germany — 2Twenty-One Semiconductors,
Kiefernweg 4, 72654 Neckartenzlingen, Germany

Since the first demonstration of mode-locked vertical external-cavity
surface-emitting lasers (VECSELSs) using semiconductor saturable ab-
sorbers (SESAMs) in the year 2000, these lasers have shown to provide
a diffraction-limited beam quality as well as high output powers across
multiple emission wavelengths. These ultrashort pulse lasers offer in-
teresting dynamics, which are often linked to semiconductor properties
and can be influenced by the exact cavity design. A cavity geometry
often used is the z-shaped cavity, which provides further flexibilities
concerning mode area ratios, cavity lengths and additional intra-cavity
elements like etalons and nonlinear crystals.

We present the mode-locked emission characteristics of a red-
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emitting SESAM mode-locked VECSEL with an average output power
up to 2mW. We put the focus on the temporal dynamics recorded upon
wavelength tuning of the pulsed emission and discuss the emission dy-
namics based on numerical modelling.

15 min. break

HL 81.4 Fri 10:45 POT 81
Dynamical properties of quantum dot lasers with and with-
out p-doping and tunneling injection quantum wells in the

active region — eSveN Bauer!, ViraLn Sicrkovskyil, Fro-

RIAN ScHNABEL!, ANNA SENGUL!, Ori EvaL?, IcorR KHANONKINZ,
Gapi1 EisensTeINZ, and JOHANN PETER REITHMAIER! — ! Technische
Physik, Institute of Nanostructure Technologies and Analytics (INA),
CINSaT, University of Kassel, Heinrich-Plett-Str. 40, 34132 Kassel,
Germany — 2Electrical Engineering Department and Russell Berrie
Nanotechnology Institute, Technion, Haifa 32000, Israel

The performance of directly modulated quantum dot (QD) lasers, used
for 1.55 pm telecommunication, is limited by the intraband carrier re-
laxation time as well as thermally broadened hole distribution effects.
These properties could be improved by using a so-called tunnel injec-
tion (TI) scheme or the introduction of p-type doping into the active
region of a high-speed laser design. Conventional QD lasers are directly
compared to QD lasers with T1, p-type doping and both. The QD den-
sity and uniformity are nominally the same for all devices. Small signal
modulation measurements yielded higher bandwidths for the QD lasers
in comparison to the TT QD lasers. P-type doping greatly improved
the performance of TI QD lasers and more refined doping profiles are
promising to further enhance the modulation properties. Large signal
modulation measurements showed a maximum data rate of more than
25 Gbit/s for both laser types, which is already suitable for telecom
applications.

HL 81.5 Fri 11:00 POT 81
‘Wave front analysis of monolithic passively mode locked semi-
conductor quantum well lasers — ¢ CLEMENS ADLER!, CHRISTOPH
WEBER?, INGA-MARIA EicHENTOPF!, ANDREAS KLEHR®, ANDREA
KnicGe®, STEFAN BREUER?, and MARTIN REUFER! — 1Hochschule
Ruhr West, Institute of Natural Sciences, Duisburger Str. 100, 45479
Miilheim an der Ruhr — Z2Institute of Applied Physics, Technische
Universitat Darmstadt, Schlossgartenstrafte 7, 64289 Darmstadt, Ger-
many — SFerdinand-Braun-Institut, Leibniz-Institut fiir Hochstfre-
quenztechnik, Gustav-Kirchhoff-Strafie 4, 12489 Berlin, Germany

Mode-locked semiconductor diode lasers are well established photon
sources. Their temperature and charge carrier distributions within the
active layer depends on the injection conditions and are expected to
change with the process of mode locking. Higher optical modes are
supported by the resonator potentially impacting the modal composi-
tion and emitted laser beam properties. We experimentally study the
bias dependent modal composition of a passively mode-locked quantum
well laser emitting at 1070 nm [1]. A Shack-Hartmann sensor detects
the local gradients of the Poynting vector of the laser beam. Devia-
tions in the wave front are identified by decomposition into Zernike
polynomials [2]. Our near and far field measurement results suggest a
dependence of the wave front properties on the laser operation mode.
[1] Weber et al, IEEE J. Quantum Electron. 54 (3), 2000609 (2018)
[2] Schafer et al, Applied Optics 41, 2809 (2002)

HL 81.6 Fri 11:15 POT 81
Nonlinear lensing in optically-pumped semiconductor disk
lasers — CHRIsTIAN KRiso!, SascHa Kress!, Tasniv MunsHI,
Marius GRrossMANN2, RomaN Bek®, MicHAEL JETTER?, PE-
TER MIcHLERZ, WoLFcANG Storz!, MarRTIN KocH!, and eARAsH
Ranmmi-Iman! — 1Faculty of Physics and Materials Sciences Center,
Philipps-Universitat Marburg, Renthof 5, D-35032 Marburg, Germany
— 2Institut fiir Halbleiteroptik und Funktionelle Grenzflichen, Center
for Integraed Quantum Science and Technology (IQST) and SCoPE,
University of Stuttgart, Allmandring 3, 70569 Stuttgart — 3Twenty-
One Semiconductors GmbH, Kiefernweg 4, 72654 Neckartenzlingen

Semiconductor disk lasers or vertical-external-cavity surface-emitting-
lasers (VECSELSs) have been highlighted in recent years as promis-
ing sources for ultrashort pulses. Particularly, saturable-absorber-free
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"self-mode-locked" operation of VECSELSs has raised considerable at-
tention. The origin of this phenomenon is still not well-enough un-
derstood to effectively utilize it for future mode-locking device con-
cepts. Currently, nonlinear lensing in the VECSEL chip itself, which
has been indicated to be sufficiently strong to enable Kerr-lens-like
mode-locking, is suspected to be one driving mechanism behind self-
mode-locking [Kriso et al., Opt. Ezpress (2019)|. Here, we summarize
a systematical characterization of the effective nonlinear refractive in-
dex and nonlinear absorption coefficient of an optically-pumped gain
chip, having probed the complex, effective third-order susceptibility
of the chip for excited charge-carrier densities similar to that of laser
operation [Kriso et al., Phot. Tech. Lett. (in press)].

HL 81.7 Fri 11:30 POT 81

Pulse generation and emission dynamics of Fabry-Pérot mul-
tisection passively mode-locked lasers on an InP photonic in-

tegrated circuit — eABISHEK VIBHAKER!, CHRIsToPH WEBER!,

Dowminik AutH!, Luke F. LesTer?, and STEFAN BREUER! —
Hnstitute of Applied Physics, Technische Universitit Darmstadt,
64289 Darmstadt, Germany — 2Bradley Department of Electrical and
Computer Engineering, Virginia Polytechnic Institute and State Uni-
versity, Blacksburg, Virginia, 24061, USA

Passively mode-locked lasers on photonic integrated circuits based on
InP material are low footprint light sources emitting picosecond short
pulses in the C- or L-band for telecommunication applications. Recent
investigations on photonic integrated circuit symmetric ring structures
[Lo et al, Optics Letters 44 (14), 3566 (2019)] are now followed by in-
vestigations on multimode interference reflectors based Fabry-Perot
cavity designs consisting of gain and saturable absorber sections for
short pulse generation at high repetition rates. Multiple designs are
realized to study the optical frequency comb generation and the pulse
train stability in terms of timing jitter and amplitude stability.



