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Bright Er  - Partners.  

WP 3 : External cavities approaches for high brightness. 

- RISOE – TUD  Dk

- Institut Optique Graduate School – Fr  

- THALES Research and Technology – Fr 

- UNIPRESS - Poland

- Rainbow Photonics - CH 
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Research & Technology

Bright Er  - Objectives  

WP 3 : External cavities approaches for high brightness. 

Spatial and Spectral filtering of the modes of the cavity 

Three different approaches :

- Incoherent beam combining with wavelength multiplex ing

- Mode filtering with a fixed or NL volume Bragg grati ng

- Mode filtering due to NL wave mixing in the SC lase r 
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Bright Er  

Wavelength Multiplexing
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Wavelength Multiplexing of Tapered Diode Bars /1

Grating

Output mirror

Fourier Lens

Tapered diode bar

λλλλ1

λλλλn

............

Fast axis
Collimating Lens

External cavity effects:
� impose specific wavelength to each diode
� far field of the diodes superimposed onto the grating
� flat output mirror impose output beams to be parallel

Goal: increase the brightness (=P/SΩ) of a diode bar
Mean: spatial superposition of individual beams
Cost: spectral spreading

.

.

.
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Wavelength Multiplexing of Tapered Diode Bars /2

Spectral and spatial analysis of the barOutput cavity focal spot

Bar:
10 emitters
100µm pitch spacing
output coating ~3-5%

Cavity:
Fourier lens = 75mm
output mirror: R=20%

Next steps:
� optical coupling into a small fibre (50µm, NA=0.12) for EDFA pumping
� moving from single bar to stack of bars

Spectrum (nm)

P
os

iti
on

 (
m

m
)

Bar near field
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Minibar Collimating 

lens

Grating

Output mirror

Slow axis 

focusing lens

Fast axis 

focusing lens

Fibre 

holder

Fourier lens

To

spectrometer
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Bright Er  

Spectral filtering with a :
Fixed volume Bragg grating
Dynamic volume Bragg grating
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WP3.3 : Extended cavities with fixed gratings

• Wavelength stabilization of tapered lasers

Lext ≅ 25 mm

Bragg grating

λΒ = 810 nm
R ≅ 40%
Th = 0.7 mm

Tapered 
Amplifier
(FBH, IAF)

Ld = 4 mm

4˚̊̊̊

taper

lens

grating

Demonstration of a novel compact extended-cavity laser with a Bragg grating
Output power up to 1.8 W @ 810 nm , Slope efficiency = 1.1 W/A, Beam 

quality M 2 ≤ 1.5
Linewidth ≤ 0.1 nm, SMSR > 30 dB, Wavelength shift ≤ 0.2 nm
Improved mechanical/thermal stability

Application to
→ extracavity second harmonic generation in collaboration with RISØ & RB

8 mW @ 405 nm , conversion efficiency ≅≅≅≅ 0.85%/W, M2 ≅≅≅≅ 1

→→→→ pumping of a new Nd-doped laser crystal at λλλλ = 798 nm
150 mW @ 901 nm
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WP3.2 Extended self-organized cavities

With tapered amplifier from FBH and IAF:
Self-organization on the longitudinal structure

At 960 nm (IAF) or 810 nm (FBH):
•••• Single longitudinal mode > 700 mW; SMSR > 30 dB;  C oherence  > 1 m; M 2<2

Transfer of this knowledge to a SME (Laserlabs) for  commercialisation

Tests outside the lab (ESPCI Paris) on a biomedical  
experiment

Interaction with Unott, FBH and IAF: improvement of beam characteristics
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Bright Er  

Spatial and Spectral mode filtering
NL wave mixing in the SC gain media
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Bright Er  

General idea :
Interference in the SC laser of a pump and probe 
beam create a gain grating . 
Through 2WM / 4WM in we can create a phase 
conjugate beam
With an external feedback mirror: a phase conjugate 
oscillator which can provide :
- Spatial / Spectral mode filtering
- Phase distorsion compensation
- Phase locking of lasers of the bar  
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Bright Er  

Pressure and temperature tuning
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•High pressure and low temperature increase the bandgap 

in laser-diode active layer, shifting the gain and emission 

to shorter wavelengths

•In BRIGHTER we perform pressure/temperature tuning 

in external cavity, using gratings or photorefractive 

crystals for creating external cavity

•Combining wide-range tuning with external 

resonator methods allows to combine the merits of 

both methods

UNIPRESS in WP3: temperature and pressure tuning
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Temperature and external cavity tuning of 830 nm FB H LD with AR coatings

780 790 800 810 820 830 840

0

1

-180oC -130oC -80oC 20oC

N
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m
al
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ed

 In
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 (
a.

u.
)

λ [nm]

Temperature tuning of red high power Osram lasers to orange

610 615 620 625 630 635 640 645
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Pressure/temperature tuning of red lasers to yellow - green

Emission from the fiber coupled to red Osram laser (640 nm) tuned 

to orange (610 nm at 1 kbar) yellow (590 nm at 10 kbar) and 

greenish (575 nm at 17 kbar). The laser temperature was –150C, 

emission power 50 mW
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Research & Technology

UNIPRESS in WP5: degradation rates for temperature cycles

Red lasers from Osram were mounted on Cu, Ag, AlN, 

and Si and cooled down to 80K over 20 times.

No degradation for AlN and Si submounts (Au/Sn 

solder), high degradation rate for Cu and Ag but, in 

most cases, the In solder degraded, not the laser chip!
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Research & Technology

Bright Er - Conclusions  

Very effective methods for mode filtering and incre ase 
of the SC Laser brightness : wavelength multiplexin g, 
Bragg gratings 

Very significant progress on the NL approaches 
allowing dynamic mode control with 2WM : large 
potential to achieve both mode control and phase 
locking of the individual lasers of a bar 


