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Ok this one’s obvious – I hope, feel free to add yourself if you think it would be better 

Just say who you are and who else did the work – there’s a point later where you can apologise for my absence – unless Martin mentions it in his preamble
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T motivation

* to examine and characterise the
properties of semiconductor disk
lasers (SDL) under conditions of
high-power pulsed pumping

e to determine the
usefulness/practicality of pulsed
pumped SDL for applications




moe  Why pulse pump?

« Traditionally as a characterisation method
 Remove thermal effects

« High peak power operation

« Applications that do not need CW source
« Lower power budget

e Compact pump source?




s CW pump source

e 980nm MM fibre coupled pump
o 25W/45W, 100nmm core fibre
 ~ 6000




q_
moows  Pulsed pump sources

* A new generation of OSRAM SPL PL90_3
uncooled, high peak power,
Inexpensive semiconductor
lasers

« Automotive TOF ranging

* Plastic package

* Emission aperture 200x10um
e ~100ns pulse duration

* Typical rep. freq. ~10kHz

 10’s W peak power
Few $'s
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d_
moowes Driving circult

 Pump laser driven by avalanche transistor circuit — Dr Heller
Elektronik GMBH variable pulsewidth and frequency: ~20-
180ns, 1-10kHz
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moowe:  Performance characteristics
0 T / » Wavelength — 905nm
) // o Bandwidth ~ 7nm
: . / | ? * Peak current — 40A
° // " § « Peak power — 75W
5 / 10
0 ;zum Voltage ‘i’o} ; Duty cycle ~ 0.02% _
Pagak ~ 5000 yg * Pulse duration -
Ppeak i Iq Tperiod i '__‘ <200nS
5 T * Pulse frequency -
< “puise ~ 180ns <10kHz (0.1%)
- k " e Operating temp - -40
e - - 85OC
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QZ Pulse pumped 2.Xpm SDLS

output coupler;
R=96%
ROC = 50mm

SDL
chip
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moe  Retro-reflected pump

SDL chip

pump optlcs
Fa
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reflecting

laser output coupler

output coupler;
R=86% P
ROC = 50mm ikl

~40mm

SDL
j r‘- I chip

~25mm
pump retro-reflector \
ROC = 25mm h
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experimental results

pump « After an initial time delay (~25ns) the
output SDL pulse closely tracks the
pumping pulse

SDL
2
E
:
o
 the peak (or on-time) output 2 vl\d .
power from the SDL = x7 the & pulsed pumping
average power of a cw- 3
pumped equivalent _— W pumping

e Room temp. no
heatspreader necessary T——




Thermal resonance shift

e Heat is the major limitation to output performance

« Resonance and PL red-shift at different rates




Spectral characterisation

Technique:

* measure time response
of each wavelength —
11,12 ...

e re-configure data to
give instantaneous
spectra




Wavelength shifting

« Wavelength shift: 2289.0nm
to — 2306.5nm

e DI=17.5nm-1I1.e. 0.11nm/ns

 DIDT-dependence of
nctavity resonance ~
0.33nm/K

 therefore T, ~53K

(including turn-on delay:
T, ce(Max) ~ +62K) or,
0.35K/ns

 Significant device heating during pump pulse, DT~50K
 The SDL gets hot very quickly!! ~independent of heatspreader

* Repeatable wavelength shift - Swept spectral probe source




Thermal Modelling of SDLs

Reduced layer structure

Axial symmetry (3D  2D)
Finite-Element Analysis (FEA)
Non-uniform gridding

GalnAsSb chip (2300nm)
Diamond Heatspreader
10W absorbed pump

50 m pump spot radius



Alan’s thermal models explained in more detail for any interested parties


finite element modelling

« from thermal maps: evaluate - average temperature rise over
the laser spot



No substantial difference between heat spreader and no heatspreader within pump pulse window


narrowband operation

Brewster-angled 2mm quartz birefringent filter

Time-averaged oscillation bandwidth reduced to <0.8nm
(resolution limited)

One colour output
t p=150ns — indicates small extra loss
Output now polarised




other wavelengths

 Devices at ~1060nm
and 1.3um have also

been demonstrated

» Pump lasers at 850nm

850nm are also

widely available

(albeit at lower peak

powers) and have

wider applicability 905nm




2X/5W pump source
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Pulsed peformance

pump pulse @ pump (@25V) :

905nm "\ peak power ~60W
duration ~180ns
frequency = 4kHz

2nm laser output:
,\ peak ~13.5W power

duration = 113ns
2mm pulse
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Output performance

on-time output power (W)
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Output performance

pulsed pumped 2.0 micron SDL
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Pulse evolution with pump

Hopkins et. al. ‘High-power, pulsed-pumped, 2.0ur2.&um semiconductor disk lasersMIOMD — IX September 10 2008 Freiburg, Germany



Normalised pulse evolution with pump
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Future work

* New pulsed sources
e 12 individual channels

* 75W peak power per channel




conclusions

Very low cost, high power pulsed lasers are now readily
available

These devices make ideal pumps for semiconductor disk
lasers

Efficient, high peak power operation with built-in modulation
and no cooling necessary

Pumped SDL get hot, very quickly!

Swept wavelength oscillation or narrowband operation possible
— (swept/narrowband also possible)

Finite element modelling gives good agreement with
experimental results

Pulsed pumping of SDLs can be considered generic




