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Description of project context and objectives.
BRITESPACE project has been conceived for the
design, realization and validation of a semiconductor
laser transmitter to be used for the detection of carbon
dioxide in future Earth Observation space missions.
The proposed system consists of an Integrated Path
Differential Absorption (IPDA) lidar based on a fully
integrated semiconductor Master Oscillator Power
Amplifier (MOPA). The project aims to demonstrate
that high brightness semiconductor lasers can be used
as optical sources in space applications which require
simultaneously high power, beam quality and spectral
purity.
An IPDA lidar basically works on the use of two
Artistic vision of BRITESPACE space-borne LIDAR
mission.
different wavelengths for the measurement of CO 2
concentration: one wavelength is strongly absorbed (λOFF) and the other is lightly absorbed by the gas (λON). In
BRITESPACE the laser light is Randomly Modulated in Continuous Wave (RM-CW) in order to allow the
determination of the height and differential absorption of the air column under measurement.
The main objectives of BRITESPACE Project can be summarized as follows:
 Definition of the requirements of the semiconductor laser source for future space-borne IPDA lidar mission.
 Definition, simulation and development of the complete RM-CW lidar system
 Design, fabrication and testing of the MOPA laser chip.
 Design, fabrication and testing of a space compatible Laser Module including the MOPA laser chips.
 Implementation of a Frequency Stabilization Unit and control electronics in the Laser Transmitter
 Laser Transmitter Performance Verification
 Integration of the Laser Transmitter into the complete PRM IPDA lidar system
 Test of the complete system on the ground in comparison with a pulsed IPDA lidar system
BRITESPACE Consortium:
Universidad Politécnica de Madrid (UPM), Spain
III-V Lab, France
Fraunhofer Institute for Laser Technology (ILT), Germany
Alter Technologies (ATN), Spain
Deutsches Zentrum für Luft- und Raumfahrt (DLR), Germany
University of Bristol (UBRIS), United Kingdom
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Main results achieved during first, second and third years
BRITESPACE Laser Transmitter architecture
The architecture of BRITESPACE Laser Transmitter has been defined according to the performance
requirements imposed by the implementation of the final IPDA lidar. The most challenging tasks are high
power output, good beam quality and high frequency stabilization. The core solution addressing these issues
is the use of two fully integrated
semiconductor Master Oscillator
Power Amplifiers (MOPAs), with a
novel
three-section
structure,
consisting of a Distributed Feedback
(DFB) laser, a modulator and a
tapered amplifier section. Each
MOPA works at one of the two
emission wavelengths required for
CO2 detection. Long term frequency
stability, low frequency noise and
tunability is assured by a Frequency
Stabilisation Unit (FSU) with offset
frequency, locking scheme and optoelectronic feedback referred to a CO2
reference cell. The output beam
profile is optimized
by the
geometrical design of the MOPAs,
and the two output beams are
collimated, combined and sent to output with the use of a specific beam forming optics layout and telescopes.

BRITESPACE IPDA lidar system.
The Laser Transmitter is integrated into the
complete BRITESPACE IPDA lidar prototype
designed by UBRIS. The output beam from the
transmitter is split in two branches: one portion of
the beam is sent to the telescopes and then to the
atmosphere and the other is used as reference for
the calculation of gas concentration, by
comparison with the received signal. The
reflected light from Earth ground is collected with
a telescope and alignment issues are addressed
with the use of a short wave infrared (SWIR)
camera.
A very high sensitivity detector based on InGaAs
negative feedback avalanche diodes (NFAD) is
used for single photon counting of the received
signal. Narrow band optical filter limits the
unwanted contribution of reflected light from
ground. The modulation sequence and the
decorrelation process required by the RM-CW
format are implemented with a Field
Programmable Gate Array (FPGA).
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Simulations of Random Modulation Continuous Wave (RM-CW) lidar

A new approach has been applied by UBRIS to simulate the performance of the proposed RM-CW lidar system.
The latest version takes into account topographic variations. The results indicate that for the proposed system
architecture, major noise contributor is the ambient light shot noise and the detector dark count in the RM-CW
scheme. From this, to use a narrow band-pass filter at the receiver and a single photon detector is needed. The
figure shows the CO2 retrieval precision for three types of surface with respect to (a) on-line center wavelength
and (b) filter bandwidth.

Simulation of tapered amplifiers

A Quasi-3D simulation tool for tapered lasers was adapted by UPM to tapered Semiconductor Amplifiers in
order to optimize the geometry of the devices. The results indicate better beam properties in large area devices at
expenses of higher driving currents. The figure (a) shows the confinement factor effect in the thermal behavior of
the device. Panel (b) shows the effect of using different mounting (p-down and p-up) for the device and its
impact in the thermal behavior of the device and consequently in the reached output power. [Tijero et al. Opt.
Quant. Electron. 47, 1437 (2015)].
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Definition of laser transmitter specifications
The analysis of the laser transmitter specifications to achieve the general goal is based on the analytical model
presented previously. As expected, the CO2 retrieval precision depends on all the involved parameters. In
consequence, it is convenient to express the laser transmitter specifications for a baseline set of system
parameters which are collected in Tab. 1. The required retrieval precision of 1.5% in worst conditions (ocean)
can be achieved with baseline parameters and the specifications for the laser transmitter collected in Tab. 2.

Tab1: Parameters of the platform and receiver used as baseline for the definitions of Laser Transmitter
specifications.

Tab. 2: Final laser transmitter specifications

April 2016

Page 4

3rd Year Publishable Report

MOPA Devices

III-V Lab has fabricated 3-section monolithic MOPAs on InP (Fig. (a) and (b)). The 1 st section is the oscillator
(DFB laser), the 2nd section is a modulation section (MOD) and the 3rd section is a flared power amplifier (PA).
Best results were obtained with a bent modulator section in order to reduce the facet reflections at the end of the
amplifier. We observed that this architecture is more stable than the straight one, where all the sections are
aligned. We observe stable emission around 1583 nm with a side mode suppression ratio better than 45 dB. Fig.
(c) shows the optical power as a function of the amplifier current IPA (IDFB = 0.4, IMOD = 300 mA). The
maximum optical power is 420 mW at 18ºC (IPA = 3 A); by decreasing the temperature to 12 and 6°C, we have
obtained a maximum output power of 510 and 600 mW respectively. Fig. (d) shows the optical spectra
dependence on IDFB for IMOD = 300 mA and IPA = 3 A. The laser exhibits multimode operation close to the
threshold (DFB laser without phase-shift) and single-mode operation without any mode hopping from 300 to
500 mA. [Faugeron et al. IEEE Photon. Technol. Lett. 27, 1449 (2015)]

In order to modulate the laser output while maintaining its operation frequency, the current of the MOD section
is modulated. Fig. (e) shows the optical power as a function of the MOD section current, IMOD (IDFB = XX,
IPA = XX). It can be seen that for suppressing the output power, we need to extract current from the system.
This measurement was performed using a four quadrant current source. Fig. (f) shows a time trace while
modulating the MOD section with a square signal at the frequency required by the application, f = 12.5 MHz.
Fig. (g) shows the eye diagram obtained from the laser module while exciting the MOD section with a square
signal at 12.5 MHz.
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Development of Frequency Stabilization Unit

The final design of the Frequency Stabilization Unit (FSU) employs an offset frequency locking scheme
referenced to a CO2 gas cell for frequency stabilization of the two MOPAs inside the BRITESPACE laser
transmitter.

Laser Module
The 2nd version of the BRITESPACE laser
module by ILT is shown in the figure. The
main change respect to the previous version is
the elimination of the laser sub-modules, in
order to get a more practical and easy to
manipulate module. The MOPAs are mounted
on an interface section, which is used to
position all optical components and to make
electrical and thermal connections. Also the
telescopes necessary for LIDAR application
are directly connected to the module housing.
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Development of the system receiver
Two prototype systems were
successfully built in year one: a laser
ranging system using pulsed visible
laser which demonstrates the validity
of the proposed modulation scheme;
and a fibre based IR DIAL simulator
that proves the random modulation
scheme is capable of achieving ppm
resolution under the expected spaceborne operating conditions. The
finalised system (shown in the
Figure) has been completed in year
two. It is a standalone Lidar with a
low power laser, good for 200 meter
range.

Proof of concept test campaign

The output power provided by the MOPAs was less than scheduled and it was decided to test the proof of
concept using as transmitters two commercial DFB
externally modulated with Acousto-optic modulators
(AOM) and amplified by a commercial L-band EDFA.
The schematic of the complete system is shown in Fig
(c). During February 2016, a test campaign was
performed at DLR premises. The BRITESPACE
system, using commercial lasers, was tested in
comparison
with
DLR’s
system
CHARM-F
[http://www.dlr.de/pa/en/desktopdefault.aspx/tabid8858/15305_read-42431/]. Both systems were operating
at the same time as can be seen in Fig. (a). Fig. (b)
shows the retrieved dry-air CO2 volume mixing ratio
along the DLR trial path using the BRITESPACE RMCW system (black, solid) and using CHARM-F’s two
receivers (blue, APD, light blue, PIN diode), compared
to the expected value calculated from the in-situ
measurements (black, dotted). A time-varying offsets of
up to +/-10% were observed on the BRITESPACE
system results, attributed to speckle effects due to the
fixed target, which should be not present in airborne
measurements. Fig. (c) shows the schematics of the lidar
system. These results demonstrate for the first time the validity of an IPDA lidar system based on the CW
Random Modulation of semiconductor lasers, together with Single Photon Counter at the receiver.
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Workshop on “Laser Sources for LIDAR Applications”

The first BRITESPACE workshop was held in Deutsches Zentrum für Luft- und Raumfahrt (DLR)
Oberpfaffenhofen, Institut für Physik der Atmosphäre, Weßling, Germany, 25-26 November 2014. It was
devoted to promote the contact between developers and manufacturers of laser sources with developers and
users of LIDAR sytems. The number of participants on site was 40, coming from 10 different EU countries. 16
participants came from industry. The number of institutions/companies with representation at the workshop was
29, and the number of talks given was 18, with 11 invited. It was also available the remote assistance and
participation. The number of remote assistants was 32, with participants from 8 countries worldwide. More
details at www.britespace.eu/workshop-2014/

Workshop on “Laser Diodes for Space Applications”

The second BRITESPACE workshop was held in III-V Lab, Thales Research and Technology, Palaiseau,
France, 23-24 November 2015. It was organized in collaboration with the European Space Agency (ESA). The
aim was to promote the interaction between communities of laser diodes manufacturers and space systems
developers and users in both research and industry environments. The number of participants was 40, coming
from 7 different EU countries and Russia. 15 participants came from industry. The number of
institutions/companies with representation at the workshop was 24, and the number of talks given was 19, with
12 invited. More details at www.britespace.eu/workshop-2015/
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Summary of final results and their potential impacts and use
The main results are directly related to the initial goals and can be summarized as follows:
 A complete system for CO2 DIAL measurements using semiconductor lasers under Continuous
Wave Random Modulation, and Single Photon Detection has been designed, implemented and
tested in comparison with standard pulsed system. The results of the on-ground test at a range of 2
km showed the validity of the approach.
 The system have been analyzed and simulated; as a consequence of the experimental results and
theoretical analysis, the architecture and specifications of future transmitters and RM-CW systems
have been determined. The main limitation of RM-CW systems in comparison with pulsed system
was found the background and detector noise, but they can be compensated using narrow filtering
together with Single Photon Detection.
 The laser transmitter module based on a three section MOPA has been designed, fabricated and
tested. The bent geometry to avoid coupled cavity effects resulted in single mode and stable
emission spectra. The results showed the validity of the approach regarding the performance in
terms of simultaneously achieving output power, beam quality, modulation capability and spectral
properties.
 The fabricated MOPAs are promising devices for space-born application, as they were not
degraded after a radiation dose equivalent to 50 krad.
 A Frequency Stabilization Unit based on three DFB lasers and the corresponding feedback loops
(master laser locked to CO2 line; on-line channel; off-line channel) has been designed,
implemented and tested, demonstrating the frequency stability required by the application.
 In the fabricated devices, the maximum output was limited by thermal effects, and suggestions of
new designs to reduce the internal heating have been proposed and simulated.
 A Quasi-3D CW simulation model for tapered semiconductor amplifiers has been developed and a
1-D Travelling Wave dynamic model has been adapted for multi-section lasers. Both have being
used for better physical understanding of the MOPAs and for the proposal of new designs.

In summary, we have demonstrated the application of semiconductor lasers as convenient optical
sources in such an important space application as remote sensing of atmospheric CO2, which
simultaneously requires high power and beam quality, and excellent spectral properties. Other relevant
results are the demonstration of different key technologies for active sensing (detectors, system,
transmitters). These results have potential impacts at different levels:
 At technological level, this would pave the way for the direct use of semiconductor lasers in
other space applications, improving the capacity of European companies and research centres
to lead future innovations in this field.
 At scientific level, the high degree of innovation of the project would provide new advances in
the design and applications of Photonic devices and systems.
 At social level, the advances in technologies enabling a faster, cheaper and more reliable
monitoring of the greenhouse gases distribution in the atmosphere should help in the struggle
against global warming.
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