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Applications of 2.X pm VECSEL

® Medical therapy and diagnostics

M Materials processing
(e.g. welding of transparent plastics)

B Remote sensing
(e.g. wake-vortex detection)

B Directed infrared countermeasures
(DIRCM)
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B Optical pumping of solid-state lasers
(e.g. ZnSe:Cr%*) and OPOs

B Seeding of solid-state lasers and OPAs
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Semiconductor disk laser: Basic setup

® VECSEL = Vertical External Cavity Surface

G Emitting Laser
Laser Output
m (OP)SDL = Optically Pumped Semiconductor

OC Mirror J Disk Laser

Pump
Laser

Focussing

VECSEL Chip Optics
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Semiconductor disk laser: Basic setup

4 Laser Output

OC Mirror

VECSEL Chip

W

ocussing

Pump
Laser

Optics

® VECSEL = Vertical External Cavity Surface
Emitting Laser

m (OP)SDL = Optically Pumped Semiconductor
Disk Laser

Advantages:

B circularly symmetric TEM,, output possible
— high high brightness source

B Semiconductor QW active region
— wide wavelength coverage
— efficient pump absorption
(no pump recycling optics)
— compact laser modules

M Intra-cavity optical elements yield
— short pulse
— narrow linewidth

J. Wagner

\

~ Fraunhofer

IAF



GaSb-based semiconductor disk lasers
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® (AlGaln)(AsSb)-based VECSEL, grown by MBE

® 2 -3 um wavelength range
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GaSbh-based semiconductor disk lasers
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® (AlGaln)(AsSb)-based VECSEL, grown by MBE @
— Heatspreader
® 2 -3 um wavelength range

B Intra-cavity heatspreader (SiC or diamond) for \il— Liquid

efficient heat extraction AN VECSEL-Chip
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GaSbh-based semiconductor disk lasers
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B Al,;GaAsSb barriers optimized for
980 nm pumping

B > 90% pump absorption
B large quantum deficit > 50 %

B internal heating limits performance
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2.0 pm VECSEL - CW lasing characteristics

2.0 pm SDL
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diode pumped @ 980 nm
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2.0 pm VECSEL - CW lasing characteristics
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2.0 pm SDL

ternary GalnSb QWs

SiC heatspreader

diode pumped @ 980 nm

4.5 W, CW, 20 °C
Ngiff = 20 %, 20 °C

6 W, CW, 0°C

output power limited
by heat extraction
from active region
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Active region design: reducing the quantum deficit
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B Quantum-
deficit : > 50 %
M Pump absorption
efficiency > 90 %
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Active region: reducing the quantum deficit
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Active region: reducing the quantum deficit
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Active region: reducing the quantum deficit
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diff. efficiency ng4 80 % 45 % 20 %
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Active region: reducing the quantum deficit
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2.0-pm VECSEL pumped @ 1.5 pm -
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CW lasing characteristics

B New VECSEL structures
— GaSb barriers
— diode pumped @ 1.5um
B Ternary GalnSb QWs
M SiC heatspreader

m 7.2 W, CW, 20 °C
®nge =29% 20°C
B nguant =39 %, 20°C
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2.0-pm VECSEL pumped @ 1.5 pm — CW lasing characteristics
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2.X ym VECSEL - wavelength coverage so far
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VECSEL structures with reduced quantum deficit
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VECSEL structure with reduced quantum deficit

i w T GaSb-based VECSEL
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Exploiting cavity versatility: 2.05 pym single-frequency
VECSEL with V-shaped cavity

Stabilized

Spectrum == | S :
P . i - Freerunning
Analyzer o AL

Wavelength-
i

Meter

Amplitude (a. u.)

Deviation from Beat Frequency (MHz)

M Heterodyne beat-note measurements using two identical VECSEL modules
® 1 W output power at 20 kHz (60 kHz) actively stabilized (free running)

@ 100 ps sampling time
B Max. single-mode output power 2.2 W (3.2 W) @ 20 °C (3 °C) heatsink temp.
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Exploiting cavity versatility: cavity dumped 2 ym VECSEL

Pump

Laser VECSEL

Chip

HR

Folding Mirror
Double Brewster

P-Polarized Polarizer

RF Pulse Driver
1.5 ns Rise Time

87 kHz - 1 MHz Rep. Rate

o Upax = 1500 V
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Pulse Output Modulator End Mirror

M Electro-optically cavity dumped 2 pm
VECSEL with 35 cm long cavity

B 3 ns pulses with 30 W peak power
@ 20 °C (100 nJ pulse energy) for
repetition frequencies up to 1 MHz
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Miniaturizing VECSEL technology: p-cavity VECSEL

Si/SiO, coating
(1.5 pmé_
iC heatspreader
(375 pm)
Qws and barriers
(~2 ym) DBR
(~7 pm)

M Top mirror coated onto SiC heatspreader
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Miniaturizing VECSEL technology: p-cavity VECSEL

Si/SiO, coating
(1.5 pmé_
iC heatspreader
(375 pm)
Qws and barriers
(~2 ym) DBR
(~7 pm)

oC
mirror

n=26
medium

End
mirror

M Top mirror coated onto SiC heatspreader
W Stable cavity due to gradient index lens (thermal effects)
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Miniaturizing VECSEL technology: p-cavity VECSEL

sifsio, coating e —————————
(15 pméiC heatspreader i ]
(375 pum) 20} .
Qws and barriers
(-2im) pgp g [ 1.5-ym pumped |
(=7 M) mirror 15 i R=97% ]
o 4
= I |
o L o
o I |
+— 10F 4
n=26 3 L :
medium _8— i
- [ 980-nm pumped 1
Oo5LR=99% ]
End [ ]
mirror |
0 5 10 15 20 25
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M Top mirror coated onto SiC heatspreader
W Stable cavity due to gradient index lens (thermal effects)

® P_.for 1.5 pum pumping (@ 20 °C): 2.2 W (multi-mode)
750 mW (TEM,,)

® Tunable with temperature (coarse & mode-hop free fine tuning)
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Summary and Outlook

B (AlGaln)(AsSb)-based VECSEL covering the
1.9 — 2.8 ym wavelength span demonstrated

B Multi-mode operation with 7.2 W (10.5 W) max.

output power @ 20 °C (-10 °C) demonstrated

B Single-mode operation (<100 kHz linewidth) up
t0 2.2 W (3.2 W) output power @ 20 °C (3 °C)

B Cavity-dumped VECSEL with 3 ns 30 W pulsed
output up to 1 MHz rep. rate demonstrated

W p-cavity VECSEL with 2.2 W max. output power
realized

B Next to come: 2.X um VECSEL as pump source
for Ho:YAG laser and ZGP OPO
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