POLITECNICO DI TORINO
Repository ISTITUZIONALE

Passively mode-locked monolithic two-section gainguided tapered quantum-dot lasers: I. Ultrashort and
stable pulse generation

Original
Passively mode-locked monolithic two-section gainguided tapered quantum-dot lasers: I. Ultrashort and stable pulse
generation/L.,D., M., R., S.,B.,, M., T., Y., R., Rossetti, M., Xu, T., Bardella, P., W., E., M., K., Montrosset, I., I., K.. -

ELETTRONICO. - (2011). (CLEO/EUROPE and EQEC 2011 CONFERENCE on "Lasers and Electro-Optics - European
Quantum Electronics Conference May 22-26, 2011 Munich, Germany) [10.1109/CLEOE.2011.5942559].

Availability:
This version is available at: 11583/2501461 since:

Publisher:

Published
DOI:10.1109/CLEOE.2011.5942559

Terms of use:

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright

(Article begins on next page)

01 July 2026



Passively mode-locked monolithic two-section gain-guided tapered quan-
tum-dot lasers: 1. Ultrashort and stable pulse generation

L. Drzewietzki', M. Ruiz%, S. Breuer', M. Tran’, Y. Robert’, M. Rossetti’, T. Xu®, P. Bardella®,

W. Elséilierl, M. Krakowskiz, 1. MontrossetS, I. Krestnikov*
1. Institut fiir Angewandte Physik, Technische Universitit Darmstadt, Schlofgartenstr.7, 64289 Darmstadt, Germany

2. Alcatel-Thales I1I-V Lab, Route Départementale 128, 91767 Palaiseau Cedex, France
3. Dipartimento di Elettronica, Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129 Torino
4. Innolume GmbH, Konrad-Adenauer-Allee 11, 44263 Dortmund, Germany

Passively mode-locked two-section quantum-dot monolithic semiconductor lasers are promising optical pulse
sources for nonlinear medical imaging and communication applications. Their advantages are their compactness,
ease of operation and high efficiency compared to solid state lasers. Quantum-dots (QD) incorporated as the
active medium in a diode laser offer peculiar advantages like broad gain bandwidth and fast recovery time of the
QD absorber being advantageous for mode-locking operation and generation of ultrashort pulses. Implemented
as an index guided tapered structure high pulse peak power of 2.25W with a pulse width of 360 fs can be gener-
ated. [1] Recently, a fully gain guided two-section tapered laser has been demonstrated with a peak power of
3.6 W and a pulse width of 3.2 ps with good beam quality. [2]

We present sub-picosecond Fourier-limited pulse generation from a new gain guided tapered laser structure
with a pulse width of 672 fs and a pulse peak power of 3.40 W. Being of essential importance a region of stable
mode-locked operation is identified in dependence of the biasing conditions.

The active region of the laser structure consists of 10 InGaAs QD layers separated by GaAs barriers inte-
grated in a GaAs waveguide. Gain guiding is achieved by ion implantation. The tapered section is 2.1 mm long,
has a taper angle of 2°, the straight absorber section is 0.4 mm long and the absorber-to-gain length ratio
amounts to 0.19. Front and rear facet have a high and an anti reflective coating, respectively. This device has a
shorter cavity and a different absorber-to-gain length ratio compared to the device presented in [3]. The laser
emits at a wavelength of 1260 nm and is operated by driving the gain section with a current source and the ab-
sorber section with a voltage source.

We report a shortest Fourier-limited pulse width of 672 fs with a peak power of 3.40 W and an average
power of 41 mW at 6 V and 575 mA and a highest peak power of 4.65 W with a pulse width of 785 fs, a time-
bandwidth-product of 0.45 and an average power of 66 mW at 6 V and 700 mA in stable mode-locked operation.
Fig. 1 (left) shows the corresponding autocorrelation signals and Fig. 1 (middle) the corresponding RF spectra.
The highest peak power amounts to 5.94 W at 6.5V and 800 mA, however exhibits a pedestal in the radio-
frequency (RF) signal (black) in Fig. 1 (middle), indicating certain, low degree of mode-locking instabilities. We
quantify these by integrating the lower part of the RF spectrum from 20 MHz to a frequency equaling half of the
repetition rate of 16 GHz. The resulting integrated RF power is shown in Fig. 1 (right) as a function of gain cur-
rent and absorber voltage clearly exhibiting a flat minimum region which is marked by the white frame indicat-

ing stable mode-locking operation. This demonstrates stable mode-locking and ultrashort pulse generation.
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Fig. 1: Autocorrelator signal for three specified key operation conditions (left), RF signal for three specified key operation
conditions (middle) and integrated RF power (20MHz — 8GHz) in dependence of gain current and absorber voltage, the
white frame indicates the stable mode-locking regime (right)
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