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1. Project objectives and major achievements during té@
reporting period

1.1. Overview of general project objectives

High brightness laser diode technology is a keybkmg technology for the modern information socjety
especially in the fields of health-care, telecominations, infotainment, environment and security.

Laser diodes offer high output power, compactnessjstness, and mass production capabilities. Hemgeir
use in the above mentioned domains is often limiigdhe difficulty to reach satisfactory performascon
power and beam quality simultaneously. The ternglthbrightness” indicates exactly the capabilityaofiigh
power laser diode to provide high beam quality.

The brightness governs directly the performanceystems, such as the transmission span of an bpata
link, the reliability of a diagnosis in fluorescenimaging of cancer, or the resolution of a lasajqetion
display. Therefore, the need for high brightnessdaiodes in these applications is currently gfipmcreasing.

The WWW.BRIGHTER.EU consortium proposes a long-teision aiming at pushing the limits of the current
laser diode technology towards higher brightnesd,ad demonstrating applications such as:

Laser sources for medical imagery for cancer diagnand intelligent therapy

Optical amplifiers for telecommunication networks

Compact source for projection display

The new project, WWW.BRIGHTER.EU, is based on ailsintonsortium than WWW.BRIGHT.EU led by the
same Coordinator (Alcatel Thales 3-5 lab). It fulbhgnefits of the know-how and results developed in
WWW.BRIGHT.EU and offers a more comprehensive amthiious approach, taking into account the recent
market developments and evolution of the statdiefdrt. This approach, compared with the one of
WWW.BRIGHT.EU, is summarised hereafter from theleggpions point of view:

1.1.1  Health-care application

It is a full validation of PDT lasers (with clinictests), diagnostic and monitoring techniquestlfier assessment
of PDT progress, introduction of 340 nm fluores@maging/diagnosis.

1.1.2  Telecom application

It is a full validation of the Raman amplifier, intluction of a new industrial Partner (Keopsys) toe
component manufacturing and exploitation.

There is a free space communication: assessmehe ofmprovement linked to the use of 980nm and h&60
high brightness tapered laser diodes.

1.1.3 Display application

It did not exist in WWW.BRIGHT.EU, it fully benefitfrom the synergies with the 635nm and 650nm $aser
developed for PDT and from the frequency doublimchhique developed for fluorescence diagnosis; teria-
perspective.

The approach consists of mobilising the expertisthe core European players of the laser diodenoly,
and combining it withoriginal optical technologiese.g. smart cavity concepts for higher efficiency and
tunability . Leading European research centres and manufectpagticipate in order to deploy the developed
technology in new applications. Industrialisatiaonstraints will be widely addressed throygdckaging and
reliability studies.

The consortium includes major companies and SMEsWll exploit the developed technology commelgial
WWW.BRIGHTER.EU therefore increases and strengtleisting European momentum within the laser diode
industry and the Information Society.
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1.2. Summary of Work performed and Main achievements

Partner Summary of work performed Main achievements

I1I-V Lab |« processing of QDots BA and IG tapergd 20 W QDots IG tapered bar at 920 nm
laser bars at 920 nm « 40 W Qdot BA laser bar at 920 nm
» processing of QW BA and IG bars at 98540 W QW IG tapered bar at 975 nm
nm * 120 W QW BA laser bar at 975 nm
* processing of two-sections tapered lagers
at 1060 nm for free-space optical « Two-sections tapered laser at 1060 nm with 50 W/A
applications modulation efficiency in static and 19 W/A at 700
» Growth of 1060 nm laser structures | Mbps, 20 dB Extinction Ratio and 1.6 W Optical
including Large Spot Size and optimised Modulation Amplitude at 700 Mbps
structures
+ Coating and delivery of 975 nm laser |« Two-sections tapered laser at 1060 nm with 18 W/A
arrays for ECL experiments at LCFIO | modulation efficiency in static and 13 W/A at 1 Gbp
» delivery of 920nm QDots and 975nm |11 dB Extinction Ratio, and 0.53 W Optical
QW laser bars to ILT for telecom Modulation Amplitude at 1 Gbhps
applications
« delivery of two sections 1060nm QW |« Two-sections tapered laser at 1060 nm with 5W
tapered laser to ILT/UCAM for FSO output optical power together with beam quality
applications parameter Mof 1.1
* Aging tests of lasers from 5 different
QW wafers and 1 QDots wafer achieved ¢ Delivery of 975 nm laser arrays to LCFIO for ECL
« delivery of tutorial on high brightness | experiments, single lobe array in ECL configuration
lasers to the consortium
« update of project website including
online deliverables
« organisation of meetings and reviews,
preparation of reports

BIOLITEC |« Detection unit was developed -> 1D |+ PDT system with 4 laser ports and 4 detection ports
6.2.2.1
* Finalized laser development ->
CD6.2.3.1
* Usability evaluation of PDT system ->
ID6.4.2.3

LLC « Finalized a study protocol « Five scientific publications related to the prajec

« Performed first test measurements withpublished during the period
new laser in the clinical environment « One PhD thesis written (will be defended in Jan
» Working on a clinical fluorescence 2010)
imaging study  Successful demonstration of clinical use of 355 nm
» Evaluated fluorescence imaging data | laser developed within the project
from joint WP6 preclinical study in Jena| ¢ Clinical usefulness of fluorescence spectroscopy
« Evaluated fluorescence tomography daguiding surgical resection of brain tumours
from joint WP6 preclinical study in Jena| demonstrated.
« Developed a multispectral fluorescencer Novel multispectral fluorescence tomography
tomography algorithm reconstruction algoritm presented
» Performed clinical fluorescence » Novel nano-particle-based markers for fluorescence

spectroscopy measurements for
intraoperative brain tumour demarcation
» Performed a study of novel upconverti
nanocrystals as markers for fluorescencg
imaging

imaging demonstrated to have high potential for
fluorescence imaging

ng
e
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Partner Summary of work performed Main achievements
ICCS |« Optimization of the fluorescence « Final fluorescence molecular imaging system.
molecular imaging system.
» Development of the software interface| ¢« Automated synchronization between the scanning
for user-system interaction. and image acquisition processes
» Development of the streamline diffusign Automated camera calibration
modification for the forward solver. « Increased accuracy of the forward solver model
 Accuracy assessment for the « Construction of a database, which correspondseo t
segmentation process for the inverse | image acquisition protocol, for the solution of the
problem. inverse problem.
» Development of the least squares fitting Solution of the inverse problem with least squares
algorithm for the solution of the inverse | fitting between the database and the acquired image
problem.
» Evaluation of the inverse problem
solution through numerous phantom » Optimum therapeutic scheme of IPDT prostate cancer
experiments
* Last experiments of the evaluation
process of IPDT treatment on prostate
cancer animal model
DTU » WP3 Investigation of carrier density |« WP3 Imaging of spontaneous emission from laser in
changes in laser device in asymmetric | asymmetric external cavity indicating spatial hole
external cavity burning
» WP3 Phase conjugate feedback to * WP3 Single frequency operation of segmented brpad
segmented broad area diode laser area laser with phase conjugate feedback
» WP3 Off-axis spectral beam combininge WP3 Broad area laser bar with 9 W output power
feedback to a broad area diode laser barM2=6.4 and brightness = 79 MW/cm2-str
* WP3 Implementation of 670-680 nm |« WP3 >1 W tunable output at 670-680 nm with
tapered amplifiers in external cavity setupg2<1.2
for SHG into 340 nm
» WP3 Test of SHG in planar and ridge
waveguide BBO crystals * WP3 Only very weak SHG signals are observed
» WP3 Development of pulsed 355 nm |« WP3 >100 W peak power at 355 nm obtained with 5
laser system kHZ repetition rate
» WP3 Investigations of operation of 946« WP3 High efficiency operation of 946 nm Nd:YAG
nm Nd:YAG laser under tapered laser |laser (slope efficiency = 65 %)
pumping
» WP6 Transfer of pulsed 355 nm laser | « WP6 Autofluorescence imaging using 355 nm laser
systemto LLC system
» WP8 Test and characterization of 1060« WP8 > 9 W 1060 nm output power with narrow
nm tapered amplifiers and lasers from | spectrum and good beam quality.
FBH, IAF and Ill-V lab. * WP8 >1.5 W green light obtaind with 18.5 %
conversion efficiency.
* WP8 SHG of 1060 nm tapered lasers {8 WP8 A modulation depth of 1:50 obtained in the
green. green light.
OSRAM |« epitaxy and processing of laser emitting Laser material with improved wall-plug efficiency
at 635 nm « demonstration of a single emitter achieving > 0.9\W
* implementation of a new non absorbing output from a passively cooled laser bar >5W
mirror 2000 h lifetime for 3W output power achieved (80%

» mounting of laser bars on CuDia

criteria)

* ageing experiments of laser bars
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Partner Summary of work performed Main achievements

CAM

» WP2.1 Design of high beam quality
emitters for tapered laser array

» WP2.1 Design of optmised segmented
tapered lasers for high bandwidth, low
modulation current and high extinction
ratio passed to 3-5 Lab for fabrication
* WP2.2 Test of optimised tapered lase
under modulation
* WP7.2 Demonstration of 1.25 Gb/s FS
link using BRIGHTER lasers

» WP8 Demonstration of holographic
projection display using BRIGHTER
lasers

* 1.25Gb/s modulation with 10dB extinction ratio an
<100mA modulation current swing
» Demonstration of 1.25Gb/s FSO outdoors link ove
60m operating error free
« Demonstration of one and two (red and green) col
holographic displays using BRIGHTER laser
renodules

O

KEO

» CD7.1.4: The design (optical,
mechanical & electrical) of the RFL has
been finalized. The prototype has been
manufactured and tested.

* CD7.1.10: The design (optical,
mechanical & electrical) of the Cladding
Pump EDFA prototype has been finalize
The prototype has been manufactured 3
tested.

* CD7.1.4: The RFL prototype emitting 5.2W has bg
delivered in november 2009 to Alcatel Lucent. The
final report has been issued in december 2009.

* CD7.1.10: The Cladding Pumped EDFA prototype
has an output power of 420mW with an input powie
10dBm. It has been obtained with the 3.2W (12W
darget) of the 975nm 50um pump module delivered
ritaunhofer-ILT (CD4.3.8).

ALCATEL

» System experiment at 43Gbit/s with R

» Raman Fiber Laser with 920nm Qdot
module

FL Up to 30dB of distributed Raman gain . Up to 55d
of span loss with error free operation

e 7.3W of output power at 1117nm from the Yb las
with 48.5% efficiency versus the injected power at
920nm

INO

UWUERZ

» Fabrication and Characterisation of gam Stable single mode emission from gain guided
and index guided tapered lasers with DBRpered lasers on quantum dot material (920nmp @

gratings on quantum dot material.

» Fabrication of tapered laser bars with
DBR gratings.

W.

« 1W single mode output power from index guided
tapered lasers at 920 nm.

e 3W output power from 1060nm quantum dot tape
lasers with DBR gratings.

e 4.2 W output power from 980 nm mini-bar with
DBR gratings.

FISBA

« three coupling experiments of the SMH « first sport characterizations of the SMF EDFA

EDFA module WP4.3.2

 two mounting attempts of the red mod
WP8.1.6

» completing CD4.2.2, 1D4.2.3, 1D4.2.4

Ltecompleted delivery of optical components to

module

requesting project partners

ID4.2.5

o7}
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Partner Summary of work performed Main achievements
RB » Waveguides implanted in borate « New concept for the develompent of a compcat UV
materials for doubling 680 nm into 340 | laser operating at 340 nm using nonlinear optick an
nm. BBO materials or waveguides implanted and strudture
« Development of structuring process |in BBO.
process

» Planar waveguides development for the first time |in

» Calculations and modelling of BbO for SHG of 680 nm into 340 nm.

implantation parameters.

* Successful ridge waveguides « Ridge waveguides implanted and structured
implantation. according to first calculation in BBO, for efficien

* Optimization with angle- lithography faryoupling of 680 nm into 340 nm.
doubling at different wavelengths.

» Process optimization based on
experimental results.

* First schematic set-up for a compact-
relable UV laser @340 nm.

TRT *WP3: Wavelength multiplexing of a lasefWP3: Effective beam combining of three bars in the
diode bar stack. Single emitters and bar| stack (ID3.4.4)

characterizations. *WP5:

*WP5: « Correlation of changes of the packaging-induced
» PL measurement of facet strain profilestrain during operation with the use of In soldempe
of aged and degraded devices (line profileisle or n-side. Observation of processing-induced

and full-facet mappings). strain patterns extending over the whole thickmdss
the substrate.

« Destructive analysis of degraded » Main degradation mechanisms identified are

devices. redistribution of In solder from n-side ribbon and

formation of large solder voids in the spoiler et
close to the ridge/taper interface.

*WP9: Tutorials presented at each meeting

have been video recorded and the *WP9: A Richmedia CD of the second set of tutsrigl
richmedia contents processed. has been prepared and delivered.
UPM * Simulation and design of 1060 nm Gaifrr New epitaxial designs based on a asymetric stresfur
Guided tapered lasers with high brightnegsovided to WP1 to improve brightness in 1060 nm
tapered lasers

 Simulation and design of 1060 nm » Optimised designs of 1060 nm Gain Guided taperned
tapered with separate contacts and high lasers with common and separate contacts provaed t
modulation efficiency WP1
» Good agreement between experiments and a-prigr
* Simulation of red lasers based on new| simulations in 1060 nm tapered lasers

epitaxy « Analysis of reduced slope efficiency in QD tapered
lasers and recommendations to WP1
 Development of QD laser model « Good agreement between simulations and

experiments in red lasers

+ Simulation of mirror heating in red lasers3D version of the QD laser model completed

with Non-Absorbing Mirrors and « Inclusion of tunnelling injection in QD laser model
comparison with experiments « Determination of optimum parameters for Non-
Absorbing Mirrors in red lasers.
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Partner

Summary of work performed

Main achievements

FBH

 Lasers for Medical Applications:
Development of 650 nm layer structures
for the processing of broad area laser fg
photodynamic therapy completed
Processed 650 nm broad area lasers ar
minibars

Characterisation of processed devices
Delivery to WP5 (aging tests) and WP6

Development of 680 nm layer structures
for the processing of tapered gain media

for external cavity lasers and tapered lag@r®ject goal fulfilled

completed
Processed 680 nm tapered lasers and d
media

Characterisation of processed devices
Delivery to WP3, WP5 (aging tests) and
WP6

 Lasers for Display Applications:
Development of 650 nm layer structures
for the processing of tapered lasers with
improved efficiency, small vertical far
field, and good reliability completed

Optimization of lateral device geometriestogether with more than 75% of the emitted power
towards high output power and good begwithin the central lobe.

quality

Processing of 650 nm tapered lasers wi
separated contacts

Characterisation of processed devices
Delivery to WP5 (aging tests) and WP8

Development of reliable 1060 nm layer
structures for the processing of DBR-
tapered lasers with a vertical divergence
only 15° (FWHM)

Processing of 6 mm long 1060 nm DBR
tapered lasers for output powers larger
than 10 W

Characterisation of processed devices

Delivery to WP3, WP4, WP5 (aging testsputput power, modulation efficiency of 58 W/A

WP6, and WP7

« Lasers for Medical Applications:
650 nm broad area lasers with reliable output pswer
rup to 1.2 W over 10,000 h
650 nm laser minibars with reliable output powertai
@ W over 10,000 h
Project goals concerning the 650 nm broad areaslase
and bars fulfilled

680 nm tapered gain media for output powers larger
than 1 W in CW mode and good beam quality and 3 W
1in pulsed mode also with good beam quality

ain

« Lasers for Display Applications:
650 nm laser structure with an improved temperatufe
stability of a TO = 80 K and an internal efficiency
better than 0.90 for tapered lasers.

Devices with a maximal output power larger than 1 W

Beam propagation ratio better than 2 at 1 W output
fpower.

Reliable operation at 15°C at an output power @f 50
mW over 1,000 h with a stable beam quality.
Decisive for reaching high output power is theaifint
heat removal and the use of submount material avith
small thermal resistance like diamond.
Using structured AIN submounts, the output power |s
limited only due to the thermal properties.

The project goal concerning the development of 65
nm tapered is fulfilled.

1060 nm structure suitable for the manufacturing of
DBR tapered lasers with a vertical far field angfle
05° (FWHM)

Manufactured DBR tapered lasers with an output
power larger than 12 W, a narrow spectral linewidth
and nearly diffraction limited beam quality in cw
operation

Devices with separated contacts for easy modulatig

=)

=)

obtained by temperature increase to 60°C

Reliable operation over 1,000 h at an output pafér
W without deterioration of beam quality or spectral
properties.

Project goals for the 1060 nm DBR tapered lasers

fulfilled.
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FHG « Third tapered laser process finished |* M?=2.78 @ 9W (976 nm)

« Introduction of diamond heat spreader
 Characterization of mounted devices i
terms of output power and beam quality
» Setup of a high fillfactor diode laser
stack

» Assembly and characterization of fibrg
coupled diode modules
» Assembly and characterization of SHC
pump module

» Packaging of high power diode laser
bars

» Thermal and optical modeling of
frequency conversion (SHG) of high
power diode lasers

» Setup of breadboard model for SHG

2 Improvement in output power by 15% by use of
ndiamond heatspreader

« 25 W fiber coupled diode laser module

« 15W quantum dot fiber coupled diode laser modu
(coolerless)

* 250 mW SHG diode laser module

UNIPRESS

* Analysis of mounting-induced strains.

*Pressure and temperature characterizg
of new batch of Osram 635 nm lasers.

* Prototypes of pressure/temperature tun
lasers.

*New results for pressure and temperat
tuning in external cavity.

*Reliability tests for different mounting
schemes (temperature and pressure
cycles).

«Photocurrent spectra reveal different strains for
different submounts. Surface profile measurements
reveal thermal strains for different submounts.
Confirmed by Finite Element Calculations.

ttdew Osram lasers have excellent properties at rog
temperature but low efficiencies at low temperature
and high pressure. We reached 567 nm wavelength
from a tuned 636 nm laser.

edemperature tuning for FBH 802 nm tapered laser
bent waveguide laser at 1520 nm revealed rapid

ufer 1050 nm tapered laser from Thales performettie
142 nm tuning range.
*Good reliability for GaAs submounts. 150 pressure
cycles up to 15 kbar performed on one gasket. For
Thales tapered lasers no degradation in case f ga
guided lasers under pressure but degradation unde
pressure for index guided lasers.

4 our publications related to Brighter appeared in
2009 in international journals.

narrowing of gain at low temperatures. Pressuratun

e

m

and

r

UKAS

e 920-nm quantum-dot laser developmeg

* 1060 nm QD laser structures

» 1060 nmquantum dot laser structure
with large spot size design

2mtHigh internal efficiency of 99%, low internal
absorption of 1.1 cm”-1, low transparency threghol
current density of 150 A/cm”"2, wavelength stabildf
0.21 nm/K.

» Three QD laser structures were supplied to
Wuerzburg and were processed into tapered QD la|
Output power higher than 3 W, slope efficiency)
W/A, and WPE of 29 % in single cw mode were
obtained by Wuerzburg.

» The low-temperature (10 K) QDs emission exhibit
narrow linewidth of 24 meV (FWHM). The laser beg
fast axis divergence measured by Tyndal is 28°

5ers

m

(FWHM) and 59° ( 1/e"2), respectively.
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Partner Summary of work performed Main achievements

LCFIO | Identification of the power limitations |+ Systematic single mode operation up to 600 mw of
observed at 960 nm for the self-organizethe self-organized tapered extended-cavity laser.
cavities. No solution found. » Experimental demonstration of the positive inflcer]
» Comparison of different extended-cavitpf the spectral stabilization on the phase-locking
configurations for passive coherent process.
combination of tapered lasers (theory and Measurement of the coherence of a phase-locked
experiment) laser array in an innovant experimental setup.
» Coherent superposition of beams with|a
binary phase-grating.

MBI  "By-emitter-analysis® and COMD » Microscopic models for gradual and catastrophic
analysis degradation
TYN » CD1.2.28 Processed large spot size |« 2W of CW power in a mainly single lobe in a low

tapered lasers divergence laser.
* MS2.2.21 Large spot size tapered lasgr Characterised and compared the intra-cavity
with central lobe power of 2W spontaneous emission of low divergence quantum d
+ MS1.2.16 Large spot size tapered lasgand quantum well high power lasers and determined
with >1.5W central lobe power. their internal temperature distribution.
» MS9.1.7 Delivery of technical tutorials|® Formulated a process for the fabrication of non
« CD2.2.18 Comparison of large spot siz&bsorbing mirrors in visible edge emitting lasers
laser based on quantum wells and dots.
» 1D2.1.1.15 Optimised tapered designs
for large spot size 975nm Al-free
SCOWLs.
* 1D2.2.38 Report on imaging of
spontaneous emission in tapered and broad
area quantum well and quantum dot
structures.

UNOTT |WP2.1 Laser Design and Simulation WP2.1 Laser Design and Simulation
* Investigated design parameters and |« Carrier lensing predicted to affect the operatibthe
performance of phase-coupled mini-arrgyshase coupled array with integrated Talbot filter,
with integrated Talbot filter suggesting the need for a non-absorbing Talberfilt
» Developed semi-analytical model to |« Asymmetric feedback operates by selective feedh

understand the asymmetric feedback
mechanism

 Developed numerical PR crystal mode
to investigate validity of analytical PR
crystal model

* Included spectral dependency of real
index change in QW and improved ASE
model ofSpeclase

» Implemented power extrapolation and
secant update schemeSpeclase¢o
accelerate spectral simulations

* Calibrated modelling parameters for
1060nm split contact tapered lasers and
investigated design parameters to imprg
modulation efficiency

» DevelopedBarlaseto allow emulation o
current competition (including effects of
global temperaturand strain distribution)
and bar degradation

» Benchmarking oSpeclasagainst

experiment (including intracavity spectra

measurements) and ILDSP

of 2-4 lateral modes of the BA laser, limiting theam
quality to M-squared > 3

I+ The use of the analytical PR crystal model in &1é g
organizing cavity laser model justified
 Speclaseshows good agreement with experimental
spectra of 975nm tapered lasers
 Spectral simulations accelerated by a factor >B wit
secant update scheme showing faster overall
acceleration

 Speclaseeproduces experimental characteristics
1060nm split contact lasers; lower Rf and longer RV
found to increase modulation efficiency
 Barlaseshows that the interplay between current
\@gmpetition, thermal cross-talk and strain sigaifitty
influences the degradation of bars

f« Both Speclasand ILDSP show good agreement w
experiments

D
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Partner

Summary of work performed

Main achievements

WP2.2 Laser Characterisation

* Filter etalon calibrated for S-ELM/S-
PLM system

* Intracavity ELM experiments performe
on external cavity laser in an asymmetri
feedback configuration

» Spectroscopic intracavity ELM
measurements performed on a 975nm
tapered laser with windowed contact

WP5 Reliability
» By-emitter measurements made on re
BA laser bars, 980nm tapered lasers on

standard & expansion-matched heatsinks Emulations of hypothetical bars used to understand

and tapered mini-arrays

« Software platform further developed fgron emitter performance

the emulation of bar degradation using
simulation tools

* Investigations of current competition,
temperature and strain on the operation
and degradation of laser bars

WP9 Training, Dissemination &
Popularisation

 Organised tutorials and training
exchange visits

» Hosted 1 exchange visit

» Prepared materials for and attended I¢
2008 event in Lyon

* Edited and distributed 3 e-Newsletter
editions

* Role in organisation of HPDLS meetinge 4th, 5th and 6th eNewsletters published and

at Photonex 2009
« Actively pursued popularisation

WP2.2 Laser Characterisation

» Replacement etalon received and calibrated

e Agreement in trends observed in simulations and
dexperimental of carrier density far-field of asyniriee
cfeedback laser

« Good agreement between intracavity spontaneous
emission spectra and simulations, but results shew
need for non-equilibrium effects to be included

U,

WP5 Reliability
2 aging steps for each bar
the role of temperature, strain and current cortipati

« Barlase shows hotter emitters draw more current
emit more power due to reduced turn-on voltages- th
is contrary to expectations

« Emulations of real bars show some agreement with
the by-emitter experimental results

WP9 Training, Dissemination & Popularisation

« 5 technical tutorials and 11 exchange visits tolak
(7 more than planned)

« One exchange visitor hosted from DTU

« >200 slide presentation for ICT event in Lyon

Cd Delivered technical tutorial on external cavitydas
modelling

« Wrote eNewsletter articles on external cavity laser
and laser beam quality

distributed (>600 recipients)
« Popularisation articles written about BRIGHTer,

opportunities and managed media requegisluding two by the ICT results service

Page 13
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2. Workpackages

2.2 WP1 and WP2.2: Devices realization and characaigation

Red Lasers at 635 nm, 650 nm, and 680 nm

OSRAM

Broad area laser bars emitting at 635 nm have deeeloped for photodynamic therapy applicationsedlaon

the epitaxial material, chip processing and mimgorovement realized in this project, the mounteskl bars
demonstrate an optical output power of more th&vi eeting the project requirement.

W)

current (A)

Fig. 1 Power characteristics for a broad area lageemitting at 635 nm at 20°C base temperature.

Page 14
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650 nm broad area laser with an output power 1AV and a reliable operation over 10,000 h aM¥.@ere
developed for medical applications (WP6). 650 nan (WP8) and 680 nm (for WP6) tapered lasers reaahed
output power up to 1.0 W with a nearly diffractibmited beam quality. They work reliable at 500 ndwer
1,000 h. With the presented results the deviceg thegoroject specifications.

3.5

Voltage U /V
= = N N w
o o1 o o1 o

o
ol

o
o

Figure 1: Power-voltage-current characteristies fo  Figure 2:
a 100 um x 1.5 mm 650 nm broad area laser
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Figure 3: Power-voltage-current characteristies fo Figure 4:
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a 2 mm long 650 nm tapered laser
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Reliability test for four 100 um x 1.5m
broad area lasers at= 15°C andP = 1.2 W

rel. intensity / arb. units

20 -10 O 10 20

position x / um

Beam waist for the device from Figure 3
atP=1W and T = 15°C — The beam waist
width is 7.0 pm and more than 85% of the
emitted power is in the central lobe. The
beam propagation ratio M 1.3
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TYN A low temperature intermixing process for 650nm AIGP quantum wells was developed. A
50 meV blue shift while maintaining reasonable phoninescence intensity was achieved using a Zrigeko
as a promoter and a SiO2 layer as an inhibitor. Higkest quality wafers show less shift implyingteong role
for point defects incorporated during the growth.

810 nm tapered amplifiers

FBH 810 nm tapered gain media with small vertical feldf angle below 15° (FWHM) were
successfully developed within the first year of ffin@ject. In pulsed mode, tapered lasers reachedugput
power larger than 12 W and a nearly diffractionitéd beam quality with K< 1.3 within the central lobe.
Herewith, the devices fulfil the target project sifieations of the project.

= A
_'_LRW: SOOpm BTA - 60 ; M
154 —4=L_, = 1000um )
"‘an: 2000um

peak power / W
Rel. Intensity

. . . - . v
0 2 4 6 8 10 12 14 16
current/ A

-30 -20 -10 O 10 20 30

Figure 5: Power-voltage-current characteristies fo Figure 6: Beam waist for the 4 mm long 810 nm

a 4 mm long 810 nm tapered laser in pulsed tapered laser with 1000 um ridge length in
mode (pulse length 100 ns, repetition rate pulsed mode (pulse length 100 ns, repetition
1 kHz) atT = 25°C rate 1 kHz) afl = 25°C
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975 nm tapered lasers and be

IAF The objective of AF was to process and develop high power tapei@tedasers at 975 nm f
various applications in the BRIGHTER project. Iretthird project year further improvement was m
regarding the beam quality at high output poweresa single emitters weidelivered to project partners IL
and FISBA. Single emitters with M2=2.8 at outputygo of 3W were demonstrat:

—T T - T T T T T T
10 - 40
= st
= 430 F#
o -
s [ -
= -2 2 oo T T T T T
= E o L 4
E 4 &; E a0 r .
™ 3 o 35 = -
£ di0 = £ ot 1
L g 2 wf ]
B L 3
s oLr s ;- ]
T 1" § oL o T B ]
1 1 L 1 1 1 1 1 1 = o 4 E r
=2 o 2 4 &} 8 10 12 14 16 .
Sperating alraRt 1A optical output power /W
Figure 7: P-leurve of a tapered diode laser wit Figure 8: Beam quality parameter M2 as a functib
tapered section length of 5r at a the optical output for a tapered diode le
wavelength of 975 nm. Measureme with 5mm tapered section leng

were performed in cw operation a
heatsink temperature of 20'

-V Lab

975 nm high wallplug efficiency lasers and ba

High wallplug efficiency laser structures are useful in mapplications, such as pump sources for tele
when high optical output power together with lovedttical input power are requested. In thelGHTER
project, Alcatel-Thales 3-Lab has developed alumin-free single emitter diode lasers that reach a ratis-
of-the art wall plug efficiency of 71%, together wahhigh power of more than 3W per facet (uncoatsdr)e
The project goal on thedasers was 70%. Based on these good results, wee diaw realised alumint-free
broadarea laser bars (1 cm wide) which deliver 70W @ptiower, together with a high w-plug efficiency of
67%, which is higher than any commercial productilable to@y. These good results have been made po:
by close cooperation between53kab and the other project partners, includingversidad Politecnica c
Madrid for simulations and Fraunhofer ILT for baoumting and characterisations. Further detailsavailable
in "High-Wall Plug Efficiency Broad Area Laser Bar with Sti-Compensated Quantum Well", IEL
International Semiconductor Laser Conferenc-18 September 2008.

Page 17



WWW]je * « WWW.BRIGHTER.EU - Publishable final activity repo#t Version 1
BRIGHTERKS

* *

*

5 100 80 80
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S 1t na=0.576 W/A 20 X 20 I 120 e\C/’

10C CW
0 . . 0 0 | L L 0
0 2 4 6 8 10 0 20 40 60 80
Current (A) Current (A)
High wall-plug efficiency single emitter diode lase High wall-plug efficiency broad area laser bar
(uncoated, 200 pm x 2 mm) (coated, 1 cm x 2 mm)

975 nm high brightness and high wall-plug efficiepéndex-guided tapered lasers

On the one hand, broad area lasers deliver highepdwit the large number of modes in their optieaveguide
makes coupling into optical fibers more difficun the other hand, tapered lasers, which combisangle
spatial mode section and a tapered section of asarg width, can deliver both high power and goedrb
quality. The quality of the beam is measured thiotig M beam propagation ratio, which is higher or clase t
1 for ideal beams. In cooperation with the Univeasi Politecnica de Madrid for simulations, Alcatdélales 3-5
Lab has developed index-guided tapered lasershwidge a narrow output width (few tens of microm&teOn
these aluminum-free active region lasers, we héwaimed a high power of 2W, together with a godddfiless
than 3, which matches the project goal. Moreoves, laser reaches a high maximum wall-plug efficjeat
56%, which is the highest reported for any kindagfered laser.

25 80
i =
20 160 T
AR s | o
HR front facet = 15 1 20 &
e (<) D
I fewtens 2 1w} a
. Q
of pm [} &
i & h=203mA | 20
2.5t0 3mm 05 T n;hz 0.96 W/A >
0.0 : : : : : 0
00 05 10 15 20 25 30
Current (A)
Index-guided tapered laser waveguide geometry ldmher index-guided tapered laser output
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1060 nm lasers

IAF The objective of IAF was to develop tapered dicakets at 1064 nm for frequency doubling
and display applications in WP8. Single emitterhvit > 3W were developed with separated ridge- apdrt
contacts to allow for high frequency modulation! Attivities regarding this wavelength were finidha the
second year.

FBH 1060 nm high brightness lasers for the efficiemeagation of 530 nm light with SHG for laser
displays were successfully developed. An output grolarger than 12 W (project goal 5 W) togetherhwat
small spectral line widtiAA < 0.1 nm and more than 70% of the beam energy irceinéral lobe of the beam
waist were developed. The vertical far field anglel5° (FWHM) allows an easy beam shaping. The rsg¢pa
electrical excitation of ridge and tapered sectialtsws the easy modulation of the output powehvémall
RW-currents. The modulation efficiency (up to 58AN¢tan be adjusted by proper selection of the marinof
the gain and DBR wavelength. The project goalsese devices are fulfilled.

14 L L L L L L T T T I
fL=6mm 1 1.0 -r :_53\’(\)’0 A | | 2=106251nm
1244, =6° | e TS0 FWHM = 17 pm
I separated contacts A)\%% =0.033 nm
= 101, =450 mA o 08
~ [ ™300 ma >
i L e = m i o
a 8 I =200 mA 5 06 -
g "1, =100 mA N
8 6fl,=0mA . £
= L S 04t 4
> =
Q 4 =
3 i T —
o | - o
0.2 i
I ] BE
O L PR [T I TN N T T BT | 00 . 1 "
0 2 4 6 8 10121416 1062.0 1062.5 1063.0
taper current I/ A Wavelength A / nm

Figure 7: Power-voltage-current characteristicsr FKigure 8: Spectrum at a power= 5 W for the tapered
6 mm long DBR-tapered laser with laser from Fig. 7 antky = 300 mA
separated RW and taper contact at 15°C
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Figure 9: ITat. Beam waist for the tapered lasemfr Figure 10: Modulation efficienc&P/Al gy versus
Fig. 7 atP = 5 W andry = 300 mA laser diode temperature fAfgy, = 50 mA

-V Lab

1060 nm two-section tapered lasers for high-speeg{space optical communications

Free-space optical communications applicationsuaeful from building to building or indoors. Thegquire
low-cost commercial diode laser drivers, which d&lia few tens of mA at high-speed (around 1 GHz).
However, before the BRIGHTER project, such low eatrdrive resulted in low power of tens of mW a th
diode output, which required extra fiber or solidte amplifiers. In the BRIGHTER project, we haweloped
two-electrode tapered lasers, which can delivagh modulated output power without amplifier, tdgat with a
low drive current, which is the result of close pemtion between Alcatel-Thales 3-5 Lab, the Ursigad
Politecnica de Madrid, and the University of Camdha. On these lasers, the ridge-waveguide secsion i
operated with the high-speed low current driverilevthe tapered section is operated with a cong&hbias of
several Amps. In the dynamic regime at 700 Mbpss atlitput power of the laser moves from 22 mW t& 1§
while the control signal current moves from 22 nofonly 106 mA. This means that the modulation edficy

of the laser is of (1680-22)/(106-22) = 19 W/A, d@hd optical extinction ratio is of (1680/22) = dB. Before
the BRIGHTER project, the state of the art modolatefficiency of diode lasers was between 3 and/B W
using technologies such as Esaki Lasers or diaggdaconnected in series. Further details areadlailn "High
Modulation Efficiency and High Power 1060 nm Tapktasers with Separate Contacts”, Electronics tstte
Vol. 45, n°2, pp. 103-104 (2009). Two-section laseom Alcatel-Thales 3-5 Lab were packaged by Rinater
ILT, and were successfully used in a free-space&alptommunications experiments at 1 Gbps at Caigbri
University.
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Two-section tapered laser power characteristitben Open eye diagram at 700 Mbps
static regime. (360 ps per division)

Page 20



WWWje * WWW.BRIGHTER.EU - Publishable final activity repo#t Version 1

BRIGHTERG

1060 nm high-brightness two-sections tapered laser

Based on an al-free active region, we have obtaiwedsections high-brightness gain-guided tapeasers at
1060 nmwhich deliver 5W CW with a very good ldeam propagation ratio of 1.1 at?/hich matches our
project target (5W with [K&3). This result was obtained by increasing theenirdensity in the ridge waveguide
section. The total length of the laser is of 6 mimn{m ridge and 5 mm taper), with a taper angle°ofT4is
result was made possible through cooperation betBe® Lab and the Universidad Politecnica de Madiod
simulations).
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——Ridgecurrent=0,323 A
=+—Ridge current= 323 mA Tapercurrent= 9,16 A
4,5
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Output power of the 1060 nm al-free active region ~ Near-field profile at waist, including with main

gain-guided tapered laser Gaussian shape at 5W CW
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920 -1060 nm Quantum dot lasel

UKAS 920 nm and 1060 nm QD laser material were sucdgssfieveloped and high devic
performance could be demonstrated. For 1060 nmaalsmw QW tunnel injection structure was invesadaby
UKAS demonstrating a strong improvement of the @ug by doublin the value to about 200 K. Based on !
nm QD material from UKAS broad area laser bars veozessed by |-V Lab and characterized on the ¢
level by FhG ILT showing a WPE > 50% with a totatmut power of 38 W suitable for coolerless pumpdaie
(seecritical path "Raman laser"), which allow a 15 Wupted fibre output power meeting the final projgoal.
Single mode emitting 1060 nm tapered lasers weveldped by UWUERZ based on QD laser material f
UKAS. 3 W single mode output power could bamonstrated meeting the final project g

We have applied the concept of tunnel injection @Aboost the temperature stability performancesuwt
developed 106@vm QD lasers for frequency doubling applicatiocThe evaluation of the reciprocal extel

differential quantum efficiency and the thresholdrent density of lasers with different cavity |éing resultec
in a high internal quantum efficiency;, of 98 %, a relatively low internal absorptione, 05 cni*, and a modal
gain 2coefficientl“go of 33 cni'. The calculated transparency current density ef ahtive material, is 133
Alcm®,

The temperature performance of the threshold ctfoera laser with cavity length of 9¢um is shown in Fig. 1.
The insertion of QWSs, which act as injess for electrons, enhances the laser characteristicgerature of 19
K in the investigated temperature rang-70°C

Qi ao - Reference QD T =58K -
B 'L =1.085 mm
B 1097 |
- £ |
LO (GaAs) = I T=96K
S 403L ?
'ﬁE
T=194K T1I-QD
L =0.982 nm
148

270 300 330 360 390 420
Temperature (K)

Figure 1. Left: Schematic conduction bande of a QW tunnel injection QD structure with LO phaor
assisted electron tunneling. Right: dependencehi@shold current density (logarithmic scale) on
operation temperature for a reference QD (black) anunnel injection QD laser (red). The conous
line represents a linear fit to the experimentahs

To our knowledge, these results show the first asgftl realization of the QW tunnel injection desig high
power 1060 nm QD laserand proves that this approach car successfully utilize to boost the lasing
performance and temperature stability (see als&IERoton. Technol. Lett. 21, 999 (200

QD laser structures, based anGRINSCH desigishow emission near 940 nm, low threshold curremtghé
range 200 to 400 mA and high slopficiencies in the order of 0.5 to 0.6 WAdepending on the cavity lengtl
These structures have a high internal efficienc@@¥, a low internal absorption of only 1.1, and a low
transparency threshold current density of 150 ~ The wavelengtlstability with temperature had a minimt
of 0.25 nm/K.
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Broad-area laser bars were processed at I1I-V Thb.bars consist of 24 emitters, with a pitch a 460 and an
emitter width of 120 um. The bars have a low refléty coating of 3%,0n the front facet and a higflectivity
coating of 95% on the back facet. The laser bare weunted on passively cooled submounts at FhG-din@d
measured at 23°C CW (Figure 2) after device mognfihe bar allows a maximum output power of 39 W (3
W after 100 h burn-in) and a max. slope efficien€{.09 W/A. The wall plug efficiency is beyond 50%

45 e " i —
04 M= 83 % (1.09 W/A)

3 | wpe >30%
7=940 nm

291 P=39W@50A
§ 25
20 4
15 A
10 A

Optical P

— CM01092
—— CMO01100
/ — CMO1121
0 e r r |
0 10 20 30 40 50
Current [A]
Figure 2 Power characteristics of several QDot thrayea laser bars.

Tapered laser diodes with feedback gratings webeicated by UWUERZ on 1060 nm quantum dot laser
material grown by UKAS. The light output characttds of the tapered lasers were measured in aanis
wave operation. The corresponding light intensitgve of such a device is shown in figure 3.

35
0] I
Gan ¢uiided taper ARboated 1%
frong facet Ith =650 mA 1
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Figure 3.Left: single mode spectrum with SMSR = 38 dB at 3RAMght: Light intensity curve for the
tapered laser device with quantum dot active reglmwing an cw output power of 3 W. Centre:
schematic drawing of tapered laser design withtdaek gratings.

The 4.25 mm long single emitters show a threshotdent of 650 mA. The light output power exceedd 3vith

a slope efficiency of 0.5 W/A. A maximum wall-plugfficiency of 29% could be measured. The emission
spectrum at 3 W is single mode with a side mod@magsion ratio of 38 dB.
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Large spot size

TYN Large spot size designs (fast axis FWHM ~ 15°)foth quantum well and quantum dot active
media emitting at 960 and 1060nm were grown achgeAWHM of 28°. A 4mm (1/3) long 6° flare large $po
size flared laser based on a quantum well emit2® €W. Detailed 2D spatio-spectral characterisati@s
carried out.

2.3 WP2.1: Design and simulation of high-brightneskser diodes

During the first year, the modelling activities centrated on the development of the modelling tdots
advanced design activities and also on deliverirgginitial designs for the partners in WP1, WP3, A\4nd
WP8. In particular, optimised design recommendatifor 975 nm lasers diodes using asymmetric epitaxi
design were delivered by UPM to 1lI-V Lab. UPM delied design recommendations for 920 nm QD lagers t
UKAS. CAM and UNott provided the initial taperedséa phase coupled mini-arrays designs to IlI-V L@h.
1060 nm tapered laser diodes with split contacBMUdeveloped initial designs, UNott performed tirstf
spectral simulations and CAM simulated the dynamagponse for signals up to 1 Gbit/s OOK modulatitdme
design and simulation activities allowed TYN toigesSCOWL lasers with beam divergence lower thaaéd,
while TRT developed large waveguiding structurelsict effectively suppressed higher order modes. HAIG
improved the beam quality and efficiency of 975amd 1060 nm gain guided tapered lasers. CAM extbtie
dynamic model to simulate tapered laser diodes Biitgg gratings and tapered laser phase coupleidamays.
UNott improved the performance of the spectraldagmulation tool by reducing the simulation timadaexcess
heat and also developed an initial steady state niidlel for tapered laser phase coupled mini-arrays.
Furthermore, UNott developed a 1D steady state etk a OD time domain model for self-adapting mdé
cavity lasers. Work also started on the QD lasedeh@JPM), a model for current leakage in red lag&tPM)
and a model of an external cavity laser with asytniméedback (UNott). UPM extended the ILDSP tormpi¢
the simulation of split contact devices.

During the second year, the modelling activitiesiaamtrated on delivering laser designs for the neast
pursuing the project objectives in WP1, WP3, WP@ ®WP8. For WP1, UPM in cooperation with IlI-V Lab
designed seven Al-free active region laser strestat 975 nm and 1060 nm, which contain two AlGaAs
claddings two GalnAsP barriers, and one or two @alguantum wells. UPM performed simulations of 1060
nm lasers with separated contacts, and proposiid\td_ab the use of low front facet reflectivitptincrease the
modulation efficiency. These were fabricated andrabterized showing agreement with predictions. Uitéd
delivered design recommendations for 920 nm QDr¢ateeUKAS, and studied the leakage current inlasdrs,
comparing the simulations with experiments by OSRABAM and UNott provided new phase coupled mini-
arrays designs based on tapered lasers to IlI-V, lrmuding a design of phase-coupled mini-arraysh an
integrated Talbot filter (UNott). TYN developed dgs for 1060 nm large spot size laser diodes, dhase
epitaxies developed at UKAS and llI-V Lab, whichdlebeam divergence lower than 20 deg and a canéine
factor larger than 0.007. Furthermore, 11l-V Lalsidmed test electrical junctions for Esaki junctlasers. For
WP3, UNott investigated the modal competition irteemal cavity lasers with asymmetric feedback. This
analysis showed that the observed narrow far fielilerns can be explained without the need to dtechour or
two wave mixing effects. UNott also studied londinal mode competition in self-organising exteroavity
lasers. These simulations predicted self-consistanity modes with a single wavelength output spset In
collaboration with LCFIO, UNott performed a studfytbe optical filtering properties of external cgvlasers
using the Talbot effect. For WP7 and WP8, UNotitrated the spectral model against experimentailtseand
performed a set of simulations for 1060 nm tapdaedr diodes with split contacts. CAM performedtligomal
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dynamic simulations of 1060 nm tapered laser diog#h split contacts, which predicted up to 4 GHz
bandwidth for these devices. Further simulatioss showed that the bandwidth decreases by aboutdb@%to
thermal effects. Significant effort was also inesstluring year 2 into the development of new modats the
extension of existing modelling tools for the adseah design activities planned for the year 3 of ghaject.
Here, CAM extended the dynamic model to permit ¢heulation of devices with multi-segmented contacts
UNott improved the performance of the spectral lasienulation tool by reducing the number of Fox-Li
iterations needed to reach the solution. Furtheemiarcollaboration with LCFIO, UNott developed B &teady
state model for self-adapting external cavity lasand for an external cavity laser with asymmedaedback (in
collaboration with RISOE). In collaboration with EGO, UNott also developed a 2D model of an extelasdr
cavity with Talbot effect. UPM introduced multiptenduction band valleys in the modelling tool tnove the
simulation of red lasers. A new multi-populatiomrequilibrium model for QD lasers was implemented.D
and extended to tapered lasers.

In the third year, the modelling activities congulto concentrate on delivering designs for pastpersuing the
project objectives in WP1, WP3, WP7 and WP8. lllkeb simulated three types of Al-free active region
structures at 1060 nm for higher COMD (Catastrofbjatical Mirror Damage) and lower fast axis divarge
angle. CAM performed isothermal dynamic simulatioiss060nm split contact tapered lasers to achgoa
modulation performance. UPM compared simulationsh véixperimental results of 1060nm single contact
tapered lasers obtaining good agreement at low oamd differences in beam shape at high powers.rdle

of geometrical parameters was investigated anéd found that the beam quality improves using hdrigndex
step. UPM also performed simulations to maximize thodulation efficiency of the 1060nm split contact
tapered lasers. A larger taper angle and an asymenegitaxial structure were found to increase riieulation
depth of the split contact lasers. UPM calibrateel internal parameters for 640nm lasers using éxpetal
results provided by OSRAM. These were then usedinwlate the mirror heating in the red lasers. UPM
performed 3D simulations of SQD and DQD tapereé@riaith identical geometry. A lower slope effiaign
and higher threshold current was obtained for tQd® Saser, which was interpreted as arising fromighdr
linear gain saturation. The use of designs withtiplel QD layers, low taper angle and long cavitvess
recommended. In addition, tunnelling injection QD) lasers were simulated and the results were aosap
with experimental results of 1060 nm BA lasers jmed by UKAS. Good agreement between simulation and
experiment was obtained after adjusting the recoatlin and capture times of the QD and wettingriay& N
developed designs for 1060 nm large spot size @iseles based on a double anti-guiding layer ina@d QW
epitaxies using low Al cladding to reduce the seriesistance. For WP3, CAM and UNott performedhteirt
simulations on tapered laser phase coupled miaiyasrincluding a design with an integrated Tallitberf
(UNott). The simulations from UNott suggest thatriea lensing destroys phase locking at higher ougowers.
UNott developed and employed a simplified modalodegosition model, which revealed that the selective
feedback of lateral modes is responsible for impmwthe beam quality of BA lasers using the asynnimet
feedback technique and that 2-4 lateral modesdizate in the lasing, limiting the minimum achielabeam
parameter product to 3. The intracavity imaging technique at UNott vaaplied to an asymmetric feedback
laser and the spatial hole observed was in agreewinsimulations. For WP7 and WP8, UNott improued
simulation parameters for 1060 nm split contactetag laser diodes to obtain better agreement with
experimental results. Further simulations usingitheroved parameters revealed an increase in ttoulaimon
efficiency for lower front facet reflectivities arldnger RW section. Development of new models, oupment

of existing tools and benchmarking activities wafso performed during the third year. UNott imprdwée
quasi-3D spectral laser diode model (Speclase)nyylaying the Kramers-Kronig method to calculate thal
index change of the QW. The ASE model was also awvgal and verified against measured lasing spectra
showing good agreement. The simulation efficienéySpeclase was improved by employing acceleration
techniques based on extrapolating the fields fadvilmrterms of roundtrips. Speclase was extendedldwv the
simulation of current competition, strain distrilout and thermal crosstalk between emitters in a(Barlase).
This provided a deeper understanding of the meshanaffecting the degradation of emitters in a Bar. WP3,
UNott developed a numerical solution of the Kukbtaequations for photorefractive (PR) crystals éwify
simple analytical models and to establish theirgearof validity. Both the ILDSP and Speclase were
benchmarked against experimental results of a 97§aimguided tapered laser, with good agreemeratirdud

Page 25



WWW|e * * WWW.BRIGHTER.EU - Publishable final activity repo#t Version 1
BRIGHTERK

* *

*

for both models. The completed S-ELM system at WM@is used to image the spectrally resolved spentzs

emission distribution in a 975nm gain-guided tapgdesser. The spectrally resolved images were fdone in
agreement with simulations.

In summary, all activities have progressed towanésobjectives set at the start of the project,tip@scording
to schedule.
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Fig. 1: (a) Simulated (using ILDSP) and experimental poagrent characteristics of a 1060 nm 6 ° tapered
laser (11I-V Lab) with separate contacts. ®mparison of experimental and simulated (usingctBge) power -

vs- taper current characteristics of a gplit contact 1060nm DBR tapered laser (FBH) fdfecent ridge
waveguide (RW) currents.
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Fig. 2: Simulated (left) vs. experimental (right) outpyeeliagrams under data modulation for a 1060 nm-twi
electrode tapered laser modulated at 1 Gb/s.
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Fig. 3: Simulated vs. experimental far-field profile oktin-phase mode of a bar of 10 phase-locked 975 nm
tapered laser emitters coupled by an external Taknaty.
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2.4 WP3: External cavity approaches to high brightess and tunability

The objectives of the tasks in WP 3 are to impritvespatial and temporal coherence and the bealitygof
high-power diode lasers to yield almost diffractidimited tunable lasers that can be focused tonallsspot.
Furthermore, this work package focuses on the itapbrdevelopment of compact, low-cost blue and UV
frequency doubled lasers based on infrared aneéxetnal cavity laser diodes with high spatial aeehporal
coherence

In the project there have been three major intésti 1) improvement and optimization of the brigis® in
diodes with external feedback 2) development oéldnd UV lasers based on nonlinear frequency ceiorer
and 3) development of a BBO waveguide for frequedowbling into 340 nm. The following main
achievements have been obtained:

 DTU Fotonik has developedpmulsed 404 nm frequency doubled laser module withbut power up to
720 mW

e DTU Fotonik has developed a pulsed 355 nm and 3#0laser systems for the autofluorescence
diagnostics module in WP 6. The specificationshef kaser systems are so good that they exceed the
specifications that originally were specified irethrighter project proposal. The 355 nm laser syste
has been transferred to LLC and has been usedidarat trials on autofluorescence imaging.

e DTU Fotonik has successfully brought an externafitgabreadboard setup to UNOTT and used the
setup for performing electroluminescence microsdd@iyM) measurements on a laser device from IlI-
V lab with external feedback.

 LCFIO has investigated the origins of the poweritltion of the single mode emission in the self-
organizing extended cavities. It was found thatiadb980 nm an unexpected induced absorption of the
photorefractive crystals is responsible for thetrmdde emission above an emitted power of about 600
mW. The experimental results are confirmed by theikations.

e Coherent beam combining has been investigated BtQ ®oth theoretically and experimentally with
different bars provided by IAF-ILT and IlI-V Lab.

« Off axis spectral beam combining has been appbed broad area diode laser bar and operated at a
current of up to 35 A. The combined effect of spgddbeam combining and off-axis feedback improved
the slow axis beam quality from the free runnintueaof approximately ¥= 1580 to M = 6.4. This
resulted in a brightness of 79 MW/&str from the broad area laser bar system.

» Pressure cells allowing to combine pressure turtgrgperature tuning and external-cavity tuning have
been developed by UNIPRESS. Osram lasers operati6§5 nm have been tested in these coolers and
the commercial 734 nm high power laser. Furthermtamperature tuning combined with external-
grating tuning for the 802 nm tapered laser fronHREhd for the commercial “bent waveguide” laser
emitting at 1500 nm have been tested and pressniegt has been combined with external grating
tuning for the tapered 1050 nm laser from Thales.

* Red tapered diode laser systems based on extawity teedback have been developed. One system
tunable from 659 to 675 nm is demonstrated witmewidth less than 0.07 nm. As high as 1.38 W
output power is obtained, an®Malue of 2.0 is achieved with an output power &f71W. Another
system tunable from 666 to 685 nm is developed witinewidth below 0.07 nm. More than 1 W
output power is obtained with an’Malue less than 1.2.

* TRT has demonstrated effective multiplexing of a btack with 81% combining efficiency. The
combined beam brightness is 12-16 times larger tharfree-running diode laser bar.
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e For the first time planar waveguides were implantedBBO materials for doubling fundamental
wavelength of 680 nm into 340 nm. Efforts to redtize losses in the implanted material lead to an
optimized planar waveguide with losses less thadB/@m.

Below we outline in more details some of the impottresults obtained in WP 3.

Different tapered amplifiers at 670-680 nm havenbtsted in order to develop a pump source forsdeond
harmonic generation in BBO waveguides. The lasegst@able in the range 666-685 nm with a line kvidt
below 0.07 nm and the best’Malue is <1.2. Power-current characteristics aming range for this laser is
given in figure 1. This laser is suitable for cdnglto BBO waveguides.

1200 Power/current characteristic of 2 mm long red tapered diode FBH 040309 ,

feedback system, 675.48 nm, T = 20°C, cur-power-01.0pj, Aug 25, 2009 . . . .
Tunability of red tapered diode FBH 040309 with grating feedback, Aug 25,2009
° grating 1200l/mm, blazed at 1.0 pm, I=1.8 A, power-wavelengthO1.opj
1000 ° ° 12004
°
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Fig. 1. (Left) Power current characteristics andjfi® tuning range for the 680 nm tapered lasetesys

In brighter TRT have performed experiments on wawglh multiplexing of a laser diode bar stack. The
wavelength multiplexing of the stack was perfornretivo steps:

» spectral locking of each diodes at different wangth along the bars with a chirped Volume Bragg
Grating (VBG)

» beam combining with a diffractive blazed grating.

The output beam is then beam-shaped with two cgiiablenses to suppress astigmatism and symmetrese
focal spot.

At 10A, the output power is 13W. M2 measurement lien performed for different number of bars (sgearé

2 below). The fast axis M2 increases steadily wlith number of bars as expected. It is reduced valtiting a
“beam compressor” (from FHG-ILT) that reduces tpacng between the beams from the different bane. T
slow axis exhibits almost the same M2 for the fitsee bars (A to A+B+C) with a noticeable increaggle
adding the D bar. This reflects the good spectrekihg and beam combining of the A, B and C bar the
ineffective one for the D bar, due to its collinthteeam direction falling apart the acceptance aofitbe VBG
(out of specifications). The M2 value for the thriéest bars is slightly higher than the M2 value dfingle
emitters.

While increasing the current (up to 25A), the Mineéns stable in the fast axis direction but incesais the
slow axis, accordingly with the increase of thed#l2a single emitter.
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Figure 2. M2 of the combined beam for 1 to 4 b&een : fast axis with beam compressor.

Coherent beam combining has been investigated EtQ ®oth theoretically and experimentally with difént
bars provided by IAF-ILT and 1lI-V Lab. We have faed our work on extended-cavity configurationsiciwh
result in a passive coherent combining of the lséwo extended-cavity designs have been studedties
based on the self-imaging Talbot effect, which tekia filtering in the near-field emission, anditas using
an angular-filtering (in the far-field).

o =xf2p

"1 yvolume
; Bragg
| grating

FAC

10 emitters

Lo =Z/4 =5 mm

Figure 3 : Talbot extended-cavity diode laser arralfigure 4 : Angular-filtering extended-cavity design
with a volume Bragg grating for high fill-factor array

The angular-filtering extended-cavity has beenistlitgh details during the last period; numericaldeiting of
the external-cavity operation, taking into accotimt angular selectivity of Bragg gratings, has bdene.
Experimentally, this configuration has been impleted with a bar of adjacent index-guided taperegris
with a[0100% fill factor. Then the output beam is singlbd and close to the diffraction-limit @ 2), with up
to 375 mW in the main lobe.

The Talbot extended-cavity configuration has resllto date to the best results regarding the oyiputer;
different kind of bars have been used, either smd#x-guided arrays or wide gain-guided tapered.ba

The multilobed beam profile of a phase-locked laseay has been converted to a diffraction-limitdussian-
shaped, beam with the help of a diffractive optiel@ment. This specific component has been designed
manufactured, and a simple optical setup has bealized . From the Talbot extended-cavity laseayara
maximum output power of 365 mW in a quasi-Gausbizam with a Mof 1.7 has been obtained, corresponding
to a conversion efficiency of 37%. We have alsomshthat this setup provides an effective measur¢ioketine

Page 29



WWW|e * * WWW.BRIGHTER.EU - Publishable final activity repo#t Version 1
BRIGHTERK

* *

*

amount of optical power emitted into one supermaftine array; it is thus an actual evaluation & tioherence
of the laser emission. This is th& demonstration of the coherent superposition obpHacked diode lasers in
an external-cavity setup.

In brighter we have developed a pulsed 355 nm Iagstem for an autofluorescence diagnostics modiie.
specifications of the laser system exceed the fipations from the beginning of the project. Thedasystem
has been successfully transferred to LLC, impleegtribh an autofluorescence imaging module and used f
clinical investigations. The laser system and tleasnred pulse train from the laser system are slhofgure
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Fig. 5. (Left) Photo of the 355 nm laser systemgki Pulse train at 355 nm measured from the lagstem.
The specifications of the laser system are givéovhe

Repetition rate 2 — 10 kHz
Average power 0 — 5 mW
Pulse duration 4 ns
Pulse energy 500 nJ
Peak power 100 W

In WP 3 we have furthermore successfully implemeér@et04 nm frequency doubled laser module basedl on
tapered 808 nm pump laser diode with external faeklbThe tapered diode is developed at the Ferdinan
Braun-Institute fir Héchstfrequenztechnik in Germahhis laser pump source is operating in singlelenaith
output power up to 1.2 W. Using a very compact tyagtesign shown in figure 6 (a) high efficient fieacy
doubling has been demonstrated. The external casitgists of two reflecting concave mirrors andoalimear
crystal (ppKTP) placed between the mirrors. Onghefmirrors in the cavity is piezo-controlled ahds can be
used to sweep the cavity in and out of resonantéchnallows for pulsed second harmonic generafidre
piezo mirror can either be externally controlled &ycamera and a trigger system, or the camera ean b
controlled through the use of an arbitrary wavefogenerator. This feature allows using the system in
fluorescence imaging applications where the blueserla pulses induce the fluorescence signal.
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Figure 6. (a)The experimental setup with SHG generation in dareal cavity. (b) The experimental blue peak
power at 404 nm versus fundamental couple pump powe

In Figure 6 (b) is shown the peak powers of thegslersus the coupled input power in the exteaaty. The
pulses produced are up to 720 mW in peak powes iBHio our knowledge the highest SHG power obthine
PPKTP at 404 nm. The new SHG laser module has bsed for feasibility test in fluorescence diagressti
applications in WP 6.

The schematic setup for external cavity combineith wressure tuning is shown in Fig.7. If the pressell is
placed in a cooler we can perform pressure anddeatyre tuning in external cavity. Cooling is neszgg in
case of pressure tuning of red InGaP/AlGalnP lasers

Laser beam
output

Pressure Cell

IAF 975nm

tapered laser )
Grating
) Fast axis
Slow axis N
L collimating
collimating -
correction

cylindrical lens S
4 cylindrical lens

Figure 7 Setup of external cavity with grating iittlow configuration combined with pressure
tuning. The slow-axis profile is shown.

The results obtained in such setup for the tap®&#&s nm laser from IAF are shown in Fig. 8. At anmbie
pressure the tuning range achieved with the grasiri2p-25 nm while for a combined pressure+gratingng
we obtain 140 nm tuning range, with stable powevab600 mW and R&1.3 in the whole tuning range. These
are the widest tuning ranges achieved for 975 reerldiodes. In the visible range we demonstrat&d am
tuning range (from 643 nm down to 573 nm, as shiowiig.9. These yellow-green wavelengths are tloeteht
ever achieved for InGaP/AlGalnP laser diodes.
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Fig.8 Emission spectra for the tapered laser codpteexternal diffraction grating. At each presstuaing
with grating was performed (each emission line esponds to a given position of the grating)
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Fig.9 Emission spectra of the laser tuned by teatpes at different pressures. The lowest tempezatur
was -193°C and the highest depends on the preasdris shown at the right-hand side of the spectra.

At RB for the first time, waveguides have been iampéd in borate materials for doubling 680 nm fumelatal
light into 340 nm. The process consisted of: oagah of substrate crystal, first implantation tail® a planar
waveguide and photolithography processes in omletructure the channel waveguide. The waveguidae w
designed for efficient doubling of 680 nm pump fasih an M<<1.2.
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Ridge waveguides were successfully implanted abdhdted to the partners for further characterizatidth tre
pump lasers developed in the frame of this projElee waveguides were designed for efficient dowghbh680
nm pump laser with an #<1.2. A scanning electromicrograph of one of thedpced waveguides is shown
figure 10.

Fig. 10 Scanning electron micrograph (top viewa&BO ridge waveguide with a width of 5 um and a hieaf 1.7 punm
fabricated by photolithography and*Aon etching.
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2.5 WP4: Micro-optics and packaging

One of the objectives of WP 4 is the supply of tafgdaser based pump sources for the telecom apiphs of
WP 7. The following modules and devices are pathefwork programme for WP4:

Module Partner Target Fiber Coupling
Output Power

ID4.1.5 Optical Stack for External Cavity Experintgn FHG-ILT 10W None

ID 4.3.1 30 W in 50um Fiber Tapered Laser Module HGHLT 30 W 50 um NA 0.2

ID4.3.23.5 W SMF-Coupled Tapered Laser Module FISBA 3.5W SMF

CD4.3.3 15W Coolerless Module with Quantum Dot kkase| FHG-ILT 15W 200 um

ID4.3.5 20W in 200um Fiber from 1 Tapered Laser Bar | FHG-ILT | 20 W 200 um

ID4.3.6 25W in 200um Fiber from 1 Tapered Laser Bar | FHG-ILT | 25 W 200 um

ID4.3.8 12 W in 50um Fiber Tapered Laser Module FHG |12W 50 um NA 0.13

ID4.3.9 Modules for Free Space Communication FHG-IL| ~0.5W 100 um

The optical stack for external cavity experimeni®4(1.5) reached an output power of 10 W and ddittor of
70%.

In SMF coupling experiments at ILT a coupled poaktW was reached.

With CD4.3.3, the coolerless 15 W module, the fpgmp module based on a quantum dot laser bardas b
built. The other 200 pm modules (ID4.3.5&4.3.6)oaleached the required output power and were delivieo
the project partners.
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For the 50 um modules, the expected brightnessmpéter was approximately reached (2.5 W compareiw
necessary to reach the specified output power) tladchieved brightness in the 50 um NA 0.13 fibareeds
the state of the art by 50%.

Two modules for FSO (ID4.3.9) were set up, onegisifrequency stabilized Tapered DFB Laser fromRBEl
and one using a Tapered Laser from IlI-V Labs. Unfoately the Module based on the IlI-V Tapered d.ab
Laser was damaged in transport to UCAM and coudetfore not be used. A replacement module waspsat u
a later time, again using a lll-V Labs Tapered kaBer this last module UCAM requested the outmwer in a
collimated beam instead of coupling it into a 108 fiber, as this seemed more promising for the fgace
communication experiments.
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Work on 50pum fiber coupled
Module (IDs 4.3.1&4.3.8)

200 pum fiber coupled Module (IDs
4.33.43543.6)

Single Emitter module uzed for SMF
coupling expertments, FSO Modules and
SHG Pump Modules

Lensed Stack with high
Fill Factor for External
Cavity experiments

2.6 WP5: Reliability

An important part of this WP involves the repontstbe achievement of certain lifetime goals. Ttlei@vement
of these goals is verified in long-term aging expents or accelerated aging experiments carriecbguhe
device vendors. These results are used for lieestimates of the high-brightness devices. Sstimates are
extremely important, because the end-users negdhformation for the qualification of their modale

A second part of this WP involves own research,raliee device vendors such as IlI-V lab, OSRAM, FldG
FBH provide diode lasers, which are intentionallyed/degraded in order to understand the underlying
mechanisms. By-emitter analysis and the reseandh® catastrophic optical mirror damage (COMD)cpss
provide new insights.
e Consistent modelling of degradation processes amdparison with the experimental ‘by-emitter-
results’ represent a completely novel approachiadedlaser bar degradation and has the potential to
become important for lifetime prediction.

e During the project the details of the COMD procass further investigated. The time resolutionhef t
process was pushed from ms to us, and finally tts.1 This allows seeing details in unsurpassed
precision. Within the project, this particular Wdead to 5 papers in Applied Physics Letters @sill
in print) and 5 invited talks to international cerégnces.

Finally, the partners in WP5 concentrate core cderpres in the field of semiconductor analytics clhare
provided to all partners of the consortium. Thiaimy involves activities, which are not envisagedthe
project planning such as extra photoluminescengotocurrent measurements, which are necessargar to
clarify problems. Here the WP also provides serticthe partners.
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Figure 2: (left) COMD diagram showing the regions @OMD (filled circles) and no COMD (open circles)
occurrence. The occurrence of COMD was derived faonanalysis of thermo-images such as displayd€gn
1 (right panel). The borderline (colored gray)akirred because of the randomness in filamentadiot scatter
in device properties. The dashed line shows theafled “square-root law” determined earlier and $teid

towards higher emission powers.

(right) (a) Evioln of the optical output power from 975 nm higightness

lasers during a current pulse of 1.86 A (as a meastf device degradation) after application of dagurrent
pulses with the amplitude given on the abscisda. Thermal flash magnitude (intensity) as detedigdhe
thermocamera. (c) Thermal images from device Antakeing subsequent pulses with amplitudes frono23b
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A (from top to bottom, in counts). The emitteipgtiwidth of 100 um is indicated. These imagearlgleshow
the COMD process is re-ignited in subsequent pulses

2.7 WP6: Medical applications

High-power, high-brightness laser system for interttial PDT
A clinically adapted, high-power, high-brightnesssdr system for interstitial
photodynamic therapy has been developed at Bidiiéesed on the red diode lase
developed by the partners FBH and Osram. Laseemsgstvith different number
of beam delivery channels and detection channele viargeted and thus 4§
sufficiently modular and scalable system architechad to be designed to addre
this requirement. The system allows the individt@itrol of each port in an easil
understandable and manageable interface. A userfaneé was developed an
tested for its usability. The clinically adaptechamstrator incorporates the mog
essential safety and interface requirements statégt medical devices directives

Figure 1: The photo shows the iPDT system. It has 4 laser ports in the lower row
of SMA connectors and 4 detection ports (upper row of SMA connectors).

Development of a pulsed 355 nm laser system for thautofluorescence
diagnosis system

A pulsed 355 nm laser system for the autofluoreseatiagnostics module has been developed by Ridee.
specifications of the laser system exceed the fipations from the beginning of the project. Thedasystem
has been transferred to LLC, implemented in thefaudrescence imaging module and is currently used
clinical trials on autofluorescence imaging.

Furthermore, progress has been made in the develtpof a 340 nm laser system using two different
approaches based on the contingency plan. Thidajgwent resulting in more than 250mW peak poweh it
repetition rate of 5kHz is described in more detail 3.6

Development and evaluation of the autofluorescenalagnosis system

A tissue autofluorescence imaging system is deeglop novel laser has been developed within thgeptdor
this purpose. A fruitful collaboration between sedgartners within two workpackages of the projedtto this
development. This laser with specifications meetimgrequirements for this type of imaging is noxtegrated
in the fluorescence imaging system developed. Sséalecollaboration between all the partners inniedical
application WP also provided a possibility to ewtuthis system in preclinical studies. The systas also
been evaluated in clinical studies, well illustngti the possibility to utilize the system in thenadal
environment. A data analysis program for absoliderbphore concentration assessment has been gedelo
and utilized in evaluation of data in scientifiadies.

Development and evaluation of the fluorescence malglar imaging system

An epi-illumination fluorescence molecular imagisgstem has been designed and developed accordthg to
specifications reported at the beginning of thejgmt The forward and inverse problem solvers hagen
encountered by developing sophisticated algoritirased on the coupled radiation transfer equatich an
diffusion approximation and on data fitting techmeg. A software package, to control the systencatibrate

the fluorescence camera and to solve the inversielgm, has been developed. Moreover, through nwmero
phantom measurements the functionality of the #isoence molecular imaging system has been evajuated
while the overall performance of the fluorescenag@etular imaging system towards the solution ofitherse
problem has been evaluated through phantom expetsm{€.D. 6.4.2.4 — Evaluation of the Fluorescence
Molecular Imaging System).
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Preclinical evaluation of Interstitial Photodynamic Therary (IPDT)

The objective of this subtask was to preclinicadlaate IPDT treatment using the high brightnessrlagstem,
developed in BRIGHTER, and the special formulatém-THPC encapsulated in liposomes in a murineehod
of prostate cancer.

The results demonstrated that IPDT with m-THPC psahated in liposomes and energy dose of 15J, migt o
effectively decreased the tumor growth rate (68Ut)rbost significantly, managed to completely eliaigthe
tumor in 67% of the animals. Two months after cateltumor remission no tumor recurrence was obderve
Also, the cosmetic outcome of the study was exatlle

Another significant effect was the reduction of arngrowth rate (18%) at the animals that were g atith 30J
IPDT. Although IPDT with 30J energy dose did notnage to cure the animals, it is considered effectas it
delayed significantly tumor growth rates.

In conclusion, the photodynamic therapy in prostaacer animal model with the special formulatidne
THPC encapsulated in liposomes and the laser syatésb2 nm that was developed in BRIGHTER has been
shown to be an effective therapeutic option fortteatment of prostate cancer. These results amiping for
further investigation of this laser and photosérsitsystem and its clinical implementation.
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2.8 WP7: Telecom applications

Telecom

Raman: Using the 25W 200pum moduléeopsyshas built a 2 Raman Fiber delivering up to 5.2W. The photo
of the prototype is display below in the left, Withis laserAlcatel-Lucent has achieved up to 30dB of
distributed Raman gain achieving penalty free apmrdor 44 P-DPSK 43Gbit/s channels propagatiraugh a
span with equivalent loss of 55dB.

-+ Total power|
- 1427.20m
' 1485.2m

Output power (W)

S
\ . I T T T T T T
—
- ¥ 10 15 20 25 3 3 40 4 50 55

Pump current (A]

a) b)

a) 2/ Raman Fiber Laser dfeopsys photo of the prototype b) output power as a fiamcof pump current

odd

2817 EDFA1 50km SSMF 50km SSMF WSS 50GHz

-400ps
44 Channels modulated

With 40G P-DPSK —~—
50GHz spacing | Loss = 35dB when VOA =0dB |

Alcatel-Lucent experimental set-up for system experiment
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40 1 —e— Raman gain necessary to compensate for VOA loss
35 | —®—Raman gain necessary to keep the signal OSNR constant
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Distributed Raman obtained for two configuration

Alcatel-Lucent has also demonstrated a Raman Fibre delivering 2.6W using the 20W 200unduha
Moreover, the power of each output wavelength at 1427 nm, 1437 nm and 1467 nm is tuneable
thanks to the output fiber Bragg gratings, which can be mechanically stretched. This tuneability is
required in order to get a flat gain when the RFL is used as a pump for Raman amplification

Alcatel-Lucent has developed a simulation tool for multi-outpuavelength Raman Fiber lasers that enable
predict accurately the performance and to desigi such laser.

3 T T T
3-\ RFL efficiency: 1
slopei25.6%
21 Pth=1.1W
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a) b)

a) output power of the Raman fiber laser, b) output spectrum of the Raman Fiber Laser

EDFA : Cladding-pumped EDFA Using the 50pm multimode module delivering 3.2K¢opsyshas built a
cladding-Pumped EDFA using Fiber and Multiplexeatel-Lucent. This EDFA delivers 0.44W (26.4dBm)
Calculus shows that with a 12W 50um multimode medul95W (32.9dBm) would have been obtained.
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KéopsysCladding Pumped EDFA prototype
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Gain versus channel wavelength, different inputgrsvefKeopsysPrototype

Alcatel-Lucent has developed a simulation tool for cladding-puthg®FA. This tools enable to design EDFA
and also to optimized cladding-pumped fiber paranset

Single mode EDFA

Alcatel-Lucent has made numerical study and defined optimizeditaathre for the high power single mode
EDFA as well as optimized erbium doped erbium ddigmet high power application.
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Free space Optics

UCAM has demonstrated a free space optical commatiait system that is capable of error free transiore
over a 60m link at 1.25Gbit/s. The 1060nm twin eahtlaser achieved a modulation speed of 1 Gb/s &
record 0.95 W OMA using a 68 mA current ng at the ridge section and a constant 3 A tapéneé current
corresponding to a record modulation efficiencyldf W/A at 1 Gb/s under these drive conditions.
optimised devices operated error free with an ektin ratio of 11.5 dB at 1.25Gb/sransmission tests at
1.25Gbh/s were carried out over a 60m outside pathaahigh quality received signal was demonstrati¢d a
Q-factor of 6.09

Eye at 60m

=3TmAl_..=1473mA

ridge tager

Free §p transmitter and receiver carrying Receivel 1.25Gb/s eye diagram after 60m
outside FSO link test on roof of CAPE build
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2.9 WPS8: Laser sources for display applications

The scope of this work package is the realizatibraogreen and red laser module suitable for display
applications (holographic projection and flying §po

During the first two years of the project the diéfiet building blocks for laser modules have beeveltped.
Evaluation of different IR laser sources, desigrthaf optics and the two laser module concepts baea in
focus of the work. Additionally modelling of the &Hprocess and corresponding experiments have been
pursued. The main work of the final period focusedthe integration of the different building blockg#o
working modules and the subsequent testing ofahsilbility of the laser modules.

A red laser module could be demonstrated with apusipower of ~300 mW in cooperation between partne
FBH and FISBA. The green laser module provided BHHLT shows an optical output power of ~500 mW
under CW excitation together with good beam paramsetAdditional high frequency modulation experintsen
have been pursued with this laser concept in addveard setup at project partner DTU FOTONIK, shagnthe
path for substantial improvement of the modulatiepth of this laser concept.

According to the project plan, these lasers havenbeharacterized as excitation sources for a twouco
holographic display.

Holographic projection using tapered lasers

The tapered lasers developed in the Brighter pr@eit a high power single mode beam of narrowwviih.
The main advantage of three monochromatic lasercesun a laser projector is the extended colounwa
compared with a filtered halogen lamp. A warm wtitgdt can be created from the Red and Green lasdtse
absence of the blue one. The taper amplifier iatiegr with the laser provides a single mode outpaty which
can be propagated to the display device using ar@mwoptics. The latter produces an elliptic spatfile
which is well matched to the 16:9 aspect ratiohaf HDTV screens used in the UCAM holographic prmjec
The optimum beam waist at the liquid crystal oicsit (LCOS) device is a trade off between overfgliand
underfilling the device area. Overfilling resultsloss of efficiency due to the light outside thspthy area being
lost. Underfilling results in a less efficient hgtaphic replay. The optics was designed so thavigible edge
of the beam profile along the major axis filled tlomg axis of the display. The LCOS device displays
analogue phase hologram which is designed so thaihage is displayed in the far field. A collimatkser
beam is reflected from the device and the imageaygpat or near the focal plane of the lens wigchised to
collimate the light onto the device (Fig. 1). A roir with a central hole of 1 mm diameter refletts image and
filters the zero order beam which would otherwisespnt a spot at the centre of the display. THeatedd image
is magnified onto a screen using a projection l&he efficiency is that 24% of the input light iepent in the
projected display. A photograph of the screen @ashin Fig. 2.
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Fig. 1 Schematic layout of a monochromatic holographic projector

The important aspects for the laser source inwusk are: ease of use; robustness; stability; cdatility;

beam conditioning; coherence; brightness; and sehgito environmental perturbations. The Brightasers
could be developed into tukey projects where a simple solution for displaylddoe delivered. The robustne
of the green laser allows multiple swi-on switcheff cycles during testing in the projection systeBome
fluctuations at startip disappear after one or t minutes warnup. The digital control of the green laser

been tested up to 100 MHz. The beam profile ofgileen laser can be readily expanded up to theresjghapt
for the LCOS device using a 4f optical system. kertheam shaping can be dontwoptimise the diffracted spi
size at the screen for coherent light. The spatiierence of both the green and red lasers areiatdefpr this
application. The thermostatting of the key elemaitthe laser (diode, frequency doubling crystaBams th¢
the lasing efficiency is independent of environraéfdctors

Fig. 2 Replay of hologram in holographic projector using green laser from ILT
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2.10 WP9: Training, Dissemination and Popularisatio

Overview

The high level of sustained effort from the Conisont across the activities of Workpackage 9 “Tragnin
Dissemination and Popularisation” has resulted maad range of achievements, which have all dounted to
the dissemination of knowledge both within and mg®of the Consortium. The main achievements irelud

e 14 technical tutorials presented, filmed and abédlanline
» 32 exchange visits (twice the number planned)
» Biophotonics Summer Schools in 2007 and 2009
e Development of a popular and informative website
» 6 e-Newsletters distributed to a wide audience (>@@ipients)
» Specific workshops organised at conferences anégirmeetings
o High brightness laser sources workshop at CLEO 2907
o Organisation of the international DRIP-XII confecerin 2007
o Dedicated workshop on Toxicology and Safety irMIEpitaxy
o Organisation of the international NUSOD confereimc2008
o Significant involvement in HPDLS meetings in200&1 &009
* Project representation at EC ICT Event 2008
e Production and popularisation of a project filnpcli
e Learning materials in RichMedia CD format (17 vig@esentations online)
* Press release widely published — many furtherlagtiwritten about the project
e Scientific dissemination through more than 300 paped presentations

Project Logo

The project logo (see Figure 1) was establishethetvery beginning of the project. It is used ohpabject
documents, communications and the project websiiagya clear identity to the project. The logo cept for
BRIGHTER was based on the BRIGHT logo to indichg d¢lear link between the two projects and corsorti

WWWie *

BRIGHTER KM|=8,
*

*

* e *
Figure 1: BRIGHTER project logo

Website

The project website for BRIGHTER is availablehtp://www.ist-brighter.euThe website has been continually
updated over the course of the project and now agestmore than 50 downloadable PDF documents
(newsletters, tutorials, workshop presentations jareds releases), 17 downloadable RichMedia prasems
(tutorials and workshop presentations) and 28 viilles that can be streamed online (film clipsotigls and
workshop presentations).

Since the launch of the website a wide range dfdaionthly and annual usage statistics have be#acted.
These demonstrate the popularity of the website,vikibility of the project, the importance of higjuality
downloadable materials and the effect of good pitilion the use of the website. Over the perioanfrmid
June 2008 to mid May 2010, the total number oteisiwas 18,711 (from ~100 countries around thddyothe
total number of pages viewed was 43,458 and tled batndwidth was 525.16 gigabytes. This clearlydatbs
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the need for a high capacity, resilient, web ser¥ée link www.ist-brighter.euis present on many different
websites and the website was publicised in allgmtogorrespondence, press releases, e-Newslettérat ahe
ICT 2008 event.

The PDF documents, video files and RichMedia priagiems have been viewed / downloaded more tha®007,
times. This represents 40% of the total numberagfes viewed on the website. From these figurds, dtear
that having documents to download and /or view renlivas extremely popular and the provision of such
materials is very important for a good quality wiehhisThe most popular documents were the e-Newestett
followed by the tutorials. The online distributicof the e-Newsletters added significant numbers hie t
readership achieved by direct mailing alone.

The statistics for the opening / downloading of Bi2F press release can be broken down furthereas there
several versions for different countries and lamgsa Of the ~2,500 views / downloads, ~70% werentor-

English language versions while ~30% were for thglish language versions. These figures demonstnate
viewers like to be able to read things in their damguage and that the extra effort expended ipgpieg the
translations was worthwhile.

Technical Tutorials

Technical tutorials formed a key part of the Cotigar's training activities, particularly for theaining of
young researchers and technicians. These tutomalspecialised topics related to high-brightnessela
technology were prepared and delivered by seniensists within the Consortium. At each project timeg two
1-hour tutorials were normally given and video meleml. Following their presentation within the Cortison,

the tutorials were made available for public dovadlan the website http://www.ist-brighter.eu/tutorial.htjn
The video recordings were also processed to prodRiceMedia format presentations (see below). The
availability of the tutorials on the website wasvadised in the project e-Newsletters. Over thersewf the
project 14 tutorials were delivered. The 11 tutisridnat were presented during the BRIGHT projeet still
available from the BRIGHT websitétfp://www.bright-eu.org/bright-eu/publication/wdikfo/index.htm

Exchange Visits

Training exchange visits, predominantly for youngesearchers, were another key part of the ConsaHi
training activities. A total of 17 such exchangesrevplanned at the start of the project. Howevaring the
project, further opportunities were identified changes between partners and a total of 32 egebactually
took place. These exchange visits supported irtierec between collaborating partners and led taotjoi
publications. Each exchange visit was reported wgidhe next available project meeting. This tduk form of
a 5 minute presentation given to the Consortiunthizyexchange visitor and the preparation of a & pagort.
The exchange visits scheme was considered to ytsgccessful by all partners. This conclusioatpported
by the large number of additional exchanges thait fdace.

e-Newsletters

One of the key dissemination and popularisatione®was through the Consortium’s biannual e-NevesleBix
e-Newsletters were published over the course ofpitggect. At the start of the project, a templatasw
established in order to create an easily identdiddvand for all editions of the e-Newsletter. Otle course of
the project, the distribution increased signifitgnfrom ~200 for edition 1 to >600 for edition Bhe increases
in the distribution list resulted from the projguess release and subsequent enquiries arisingifroaguests
through the project website and from contacts ntdéng the ICT 2008 event. Following distributiarach e-
Newsletter was made available for download fromptaect websiteRttp://www.ist-brighter.eu/news.hjm

Each edition of the e-Newsletter contained 6 mattisns as follows:
1. Welcome from Project Coordinator
Review of Latest Achievements
Partner Profiles (over the 6 editions, each pastpablished a 1 page profile)
Applications Articles (typically 2 per edition)
Technical Articles (typically 2 per edition)

Dissemination and Outreach (section containing ntspaf past events, adverts for coming eventss list
of recent publications, publicity for the websitgtorials, film clip, RichMedia presentations, gtc.

o gk wN
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Events

The Consortium originally planned to organise sigrgs (workshops, conferences, summer schoolshgltine
course of the project in order to expand the exgiioin of project results and to further sharekhewledge of
the Consortium with the wider community. The Cotison completed these events relatively early in the
project. Recognising the importance of these eyehts Consortium also contributed to the orgarisatf
several other high profile events in the lattert pHrthe project. In total, 10 events were orgashiby the
Consortium. More details on each of these evemsbeafound below. Further information can be foondthe
website ahttp://www.ist-brighter.eu/workshop.htrithis page also provides links to external websitketailed
event programs and a selection of downloadable stk presentations.

International Graduate Summer Schools on Biophotasi(June 2007 & June 2009)

The International Graduate Summer School on Biaptios is a biennial event, begun in 2003, organtsged

project partners the Danish Technical Universityrrfferly Risg National Laboratory) in Denmark andchdu

University in Sweden. The BRIGHTER project providgabnsorship of the™3Summer School held in June
2007 and of theSummer School held in June 2009.

The main purpose of the summer school is to proedecation within biophotonics for students andngu
scientists at the highest international level. Tdrenat of the school is a combination of lecturgsident poster
presentations — and leisure time. However, theiteiime is also spent discussing, learning anthaxging new
scientific ideas. The school targets graduate sitisdand postdoctoral fellows with a limit of abd&@@ — 70

participants. Application to attend the summer sthe by peer review of a summary of the particigan
research and results or planned research projecindthe school, successful applicants preserit thsearch

during two poster sessions. The posters are eealust the lecturers and a best poster prize iscegar

Biophotonics ‘07 had 57 participants from 19 diéfier countries worldwide with 37 male and 20 fensilglents
mainly ranging in age from 25 to 35 years. Approxiety 25% of the participants came from outsideBhe—

the majority (16%) of these coming from the US aanada. The school had 11 lecturers representing 6
different countries — 5 lecturers from the US arfcoén the EU.

Biophotonics ‘09 had 74 participants from 21 diéfier countries worldwide with 48 male and 26 fensilelents
mainly ranging in age from 25 to 35 years. As if20approximately 25% of the participants came fautside
the EU — the majority (16%) of these coming frore thS and Canada. Once again the school had 5destur
from the US and 6 from the EU. The 2009 event was arganised in collaboration with Photonics fofeL
(P4L), a European network of excellence for biophdats.

More details can be found on the project websitdtfi://www.ist-brighter.eu/workshop.htm#biophotasic
External websites are available Hdtp://www.biop.dk/biophotonicsO&nd http://www.biop.dk/biophotonics09
The Biophotonics websites provide details of thik fuograms and downloadable copies of the lectanes
students presentations.

High Brightness Laser Sources Workshdgpune 2007)

The Consortium organised and hosted a workshoplezhtiHigh Brightness Diode Laser Sources” durihg t
2007 World of Photonics Congress and Laser Faiiclwtvas held together with the CLEO-Europe Confeeen

in Munich, Germany. The one-day workshop was a#dnoy delegates from across Europe and beyond and
included a program of 17 presentations — 8 of whwehe given by invited speakers from outside ofghgect.

The full program, a selection of photos and 12 doadable PDF presentations can be found on theitgedits
http://www.ist-brighter.eu/workshop.htm#laser2Ghttp://www.ist-brighter.eu/laser2007.htm

Conference on Defects — Recognition, Imaging andyBlts in Semiconductors — DRI eptember 2007)

The 12" International Conference on Defects — Recognitloraging and Physics in Semiconductors (DRIP-
XIl) was jointly organised and hosted 2 BRIGHTERtpars, the Max-Born-Institute (MBI) and the Featial-
Braun-Institute (FBH). The conference was took lacBerlin from the 8 to the 13 September 2007 and was
attended by 155 delegates from 28 countries. Tivere a total of 70 oral presentations (includingirivited)
and 70 poster presentations. The proceedings oPP®I were published in a special issue of the daliof
Materials Science: Materials in Electronics.

Two special sessions which were supported by thESBRRER project and entitled “Defects in Devicesbko
place within the DRIP-XII conference. Of the 12 g@ptations given within these special sessionayélved
members of the project. Full details of the sessian be found on the BRIGHTER project website at
http://www.ist-brighter.eu/workshop.htm#dripgExtended information is also available on the femnce
website http://www.drip12.de
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Toxicology and Safety Workshoff-ebruary 2008)

Nicole Proust, a clean technology expert from Ted&tesearch and Technology, France, organised ashapk
supported by the BRIGHTER project on “Toxicologyda®afety”. The workshop took place at Thales Resear
and Technology (TRT) in Palaiseau, France ofi B@bruary 2008. The half-day workshop, attendedroyind
40 delegates from across Europe, included a prograb presentations — 3 given by invited speakevsnf
outside the project. The workshop began with aesting of the 15 minute video introduction to thelBRTER
project, its objectives and targeted applicatidi®e entire workshop was video recorded and theeptaions
released in RichMedia format on the project webditdl details including the full program and 4 Ridedia
presentations (to view online or download) are remlat http://www.ist-brighter.eu/workshop.htm#toxi@nd
http://www.ist-brighter.eu/toxicology.htm

Conference on the Numerical Simulation of Optoelsmtic Devices — NUSODSeptember 2008)

In September 2008, the University of Nottinghamstad the 8 International Conference on the Numerical
Simulation of Optoelectronic Devices (NUSOD) atitheniversity Park Campus in Nottingham, UK. The
conference was attended by 76 delegates from 2@trd@st The program was comprised of 7 invited papét
regular papers, 7 postdeadline papers, 13 postesfiort courses and a software tutorial. One sess@Es
devoted to the subject of modelling high-brightntssers, a topic that was a major part of the BRIEGR
project. Two of the five presentations in this smspresented results from the project. Memberthefproject
also contributed a post deadline paper and a postere details can be found on the project webaite
http://www.ist-brighter.eu/workshop.htm#nus@hd the conference website fatp:/www.nusod.org/confQ8
which includes downloadable copies of most of tresentations.

High Power Diode Lasers and Systems Meetings — HEjOctober 2008 & October 2009)

The BRIGHTER partners made a major contributiorattopical meeting on High Power Diode Lasers and
Systems. This inaugural meeting took place ofi ®&tober 2008 in Coventry, U.K. as part of the Bhek
2008 exhibition. The meeting was organised by amaired by Catrina Bryce (University of Glasgow),jcEr
Larkins (University of Nottingham) and Jim Ashetéinse Ltd.) and was sponsored by the Scottish €hapt
IEEE LEOS. The meeting was attended by approxime2él delegates from industry, research centres and
academia. Partners from the project presentedtedt2 papers within the meeting.

Following the success of the 2008 event, the Higlwvé? Diode Lasers and Systems Meeting was organised
again in 2009. Once again the event was held aoptre Photonex Exhibition in Coventry, U.K. Theogram
was expanded to encompass an invited programm spdakers, all leaders in High Power Diode Lafsers
around Europe, followed by an evening poster sassifocontributed papers. The BRIGHTER project co-
sponsored the 2009 event together with the IEEEtdPies Society, the Institution of Engineering and
Technology (IET) and the European Photonics Ingu€wmnsortium (EPIC). The 2009 event was attended by
>60 delegates from industry, research centres &em@, which represents a significant increasdtendance
from the F' event in 2008. Partners from BRIGHTER contribusaghificantly to the event, providing 4 invited
talks (out of a total 15) and 3 posters (out obtaltof 6). Full details of the 2009 event are &lzde online at
http://www.photonex.org/hpdls.phphere is growing industry interest in this megtiand preparations are
being made for it to be held again in 2010.

European Commission ICT Ever(November 2008)

Towards the end of 2008, the BRIGHTER Consortiuoktpart in Europe’s biggest ICT research eventh ait
booth at ICT 2008. The 2008 ICT Event, organisedh®yEuropean Commission’s Directorate GeneratHer
Information Society and Media, took place in Ly&mance from the 25to the 2% of November 2008. The
biennial ICT Event is the most important forum fdiscussing research and policy in information and
communication technologies at European level. Memebrings together researchers and innovatolfigypand
business decision makers working in the field of G 2008, more than 4,500 delegates attendethtke day
event. The 2008 ICT Event included more than 18tilbéts showcasing the latest breakthroughs in Eemap
research projects, including the BRIGHTER Projemtth in the ICT for Wellbeing Village and a bootiorh
project partner Biolitec in the SME Village.

The BRIGHTER exhibit was filled with demonstratidies visitors to see and interact with, includingtate-of-
the-art green laser source based on a frequendyletbinfrared laser, a range of laser diode samptes a
dynamic simulation visualiser through which theemial workings of a laser diode could be invesédaPosters
summarised the main application areas of the prejelsiomedical, communications and displays — vitals
rolling presentation gave more information aboutapics related to the project. The final versafrthe project
film clip was also premiered on the BRIGHTER boodffsitors to the booth were able to talk with expdrom
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the Consortium, read the project e-Newslettersgzocki up a USB key containing information about greject
(film clip, e-Newsletters, press release). Over B80ple visited the booth and >200 USB keys weneléd out.
Full details of the event are onlinetdtp://ec.europa.eu/information_society/events@@8/index_en.htm

European Conferences on Biomedical Optics — ECRBIDine 2009)

The Consortium gave consideration to organisingogkshop on medical applications in the final yebthe
project. However, as the European Conferences omé@dical Optics (ECBO) were due to take place imeJu
2009, it was decided that an event organised bpihiect would require significant organisation andy not be
well attended. Instead, several BRIGHTER partnerstrdbuted to the ECBO with major roles in 3 of the
conferences. Details are availblenstp://www.osa.org/meetings/archives/2009/ECBO/E@B@9Archive.pdf

RichMedia CDs

RichMedia CDs have been developed by Thales Reseadt Technology (TRT) to facilitate knowledge $igr
for workshops and training courses. They are amvative way of attending a virtual presentation,iokh
include the transparencies of the presentatiorgthay with synchronised video and audio of the gates. This
novel format has a clear enhanced value for prasens that are used as teaching materials andfaiso
independent learning (as compared to the presentatides alone). The content can be distributetdondy
CDs, but also online (both as downloadable congt also as online streamed content). In a RichMedi
presentation, the screen is divided in to threéspét) the presentation slides; (2) the videchefpresenter; and
(3) a content and navigation panel. The video,@add slide changes are all synchronised and afiRDéf the
presentation can also be opened from the main windo

The Consortium chose to adopt the RichMedia congejptrder to distribute its technical tutorials asoime
workshop presentations. In total, 13 technicalrtate (http://www.ist-brighter.eu/tutorial.htjrand 4 workshop
presentationshttp://www.ist-brighter.eu/toxicology.htjrwere recorded, processed into the RichMedia forma
and published online. On the website, users hayatidns to access the materials as follows:

1. Stream the full RichMedia presentation (slidesgwidind audio) from the website

2. Stream just the video recording of the presentdtiom the website

3. Download an ISO image file of the RichMedia preagah from which to make your own CD
4. Download a PDF copy of the presentation slides

Media Popularisation

A project press release (in English) was prepatethe end of the first year of the project deseagpihe
objectives of the project, the targeted applicaiand the achievements of the first year. The pedesase was
titted “BRIGHTER lasers for tomorrow’s technologie#\ section of the press release was designedhabitt
could easily be modified to popularise the parttipn of the partners native to the country of mailon. The
Project Officer (at that time), Dr. Ronan Burgesssisted the Consortium to obtain a quote from Wivigane
Reding, the EC Commissioner for Information Societyl Media, for inclusion in the press releaselokohg
the agreement on the text by the Consortium, pestfrem each country prepared translations of tresg
release, so that it could be issued in all coustiferolved in the project. The text was also medifias
appropriate to represent the activities of therpgasd in that country. All country specific / langeaversions of
the press release (18 in total) are available erptbject website dittp://www.ist-brighter.eu/publi.htm

The principal English version of the press releass distributed in April 2008 to a wide range ofdband
national press in the UK and also to over 30 s@énechnology magazines and websites. Within 1timdhe
full text of the press release appeared on manyulpopscience / technology websites including
www.laserfocusworld.conwww.compoundsemi.corandwww.photonicsonline.com

In addition, the Consortium was contacted sevémas for further information which led to articlesvarious
magazines and on scientific and education webagdisted below.

* An article about BRIGHTER and the activities of tRerdinand-Braun-Institute and the Max-Born-
Institute appeared iverbund journalin December 2007. This journal is available at Hugentific
institutions in Berlin and is published by Forschswerbund Berlin e.V.

» An article about BRIGHTER and UNIPRESS featuredSjprawy Nauki(News in Science) in March
2008. This publication is edited by the Polish Miny of Science and distributed to scientific ing#s
(~1500 copies per month).

» An article about the medical applications of thejgct “EU laser team readies cancer surgical strike”
was published inCompound Semiconductor Magaziime April 2008. The full article is online at
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http://www.compoundsemiconductor.net/csc/news-tepdip?cat=news&id=3387The article was also
later republished on the websitevw.optics.org

» An article focusing on photodynamic therapy (PDy¥3tems‘EU takes a Brighter view"was published
in BioOptics World in July 2008. The article is available online @reegistration required) at
http://www.bioopticsworld.com/display_article/3348131/none/none/Depar/EU-takes-a-Brighter-view

 An article“Brighter and better” was published on the Science & Technology Websitev.scenta.co.uk
in August 2008. The site receives 500,000 visitoraonth and part of their remit is to attract shideo
choose careers in Science, Engineering and Tedamaad then stay in that field. The full article is
available atvww.scenta.co.uk/gadets/cit/1727921/brighter-antiebétm

» The record green laser result of the project wadelyi publicised with the articleGreen laser diode
generate record power levelsivhich was featured in th@SA Newslettein May 2009 and irDptics &
Laser Europén June 2009.

» The BRIGHTER project featured on the ICT Resultddie as a 2 part special feature published in June
2009. The first partBig impact from tiny semiconductor lasergfave an overview of the project and
listed many of the major project results. It alemtained a link to the BRIGHTER website. The second
part“New lasers drive powerful applicationgbcussed on the project applications — medicéctans,
and displays — and promoted the training and disssion activities of the project. Both articlesncae
found online ahttp://cordis.europa.eul/ictresults

Film Clip

The Consortium produced a short, 15 minute, filip ebout the different aspects of the BRIGHTER @ctj
The aim of the film was to raise awareness of tRe@TER project and its activities. The completiéohfwas

on display at the BRIGHTER booth at the ICT Evantyon and was also distributed to visitors to bo®th

(>200 USB keys containing the film clip and otheojpct information were handed out). For online lmation,

the total film was divided into 11 short segmeiiisese segments are available to view on the projebsite at
http://www.ist-brighter.eu/clip.htm

Scientific Publications

There was a strong effort on dissemination throsgkntific publications within the BRIGHTER projedn
addition to publishing journal papers, the Consontialso attended all of the major conferenceseilsi related
to the project. Many of the international conferenavere co-located with trade fairs at which thaustrial
partners and research institutes have been repeésén total, there were 303 publications by tHRIGHTER
Consortium. This total consists of 130 papers afgldresentations (includes all types of conferemoekshop,
summer school, etc.). 50% of the publications wihe result of joint work between two or more partne
organisations and 34% of the publications had anmaare female authors. (These numbers are corseat the
end of April 2010. Several further publications é®n the work of BRIGHTER are in preparation arild lve
completed in the coming months.) A list of publioas arising from the BRIGHTER project is available the
project website atittp://www.ist-brighter.eu/publi2.php
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