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ererererererer Quantum-dots for ultrafast devices

Broad gain bandwidth

Ultrafast carrier dynamics

_ow threshold current

_ow temperature sensitivity

_ower absorption saturation fluence
QD-SESAMs

Great potential in THz radiation

Quantum Dot

4141



Aston University

Birmingham

InAs/GaAs Quantum Dot lasers

QUANTUM DOT LASERS
medical - industrial - projection
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E.U. Rafailov et al., Nature Photonics, 1, p. 395, 2007

Figure courtesy of IMAMOLUMGE
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Aston Universicy InAs/GaAs QD tunable laser

High-power CW external cavity InAs/GaAs quantum-dot diode laser
with a tuning range of 202 nm (between 1122 nm and 1324 nm)

* 4 mm length, 5 um wide waveguide
« 10 layers InAs QDs, grown on GaAs substrate

« waveguide angled at 5°

- facets AR coated: Rangled < 107

Rfront ~ 2 1073 N
c 104
Gain %_ 20+
Chip £ 30
[72]
g -40 |
Diffraction el
Grating 60 _
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Lens Lens Wavelength, nm

K.A. Fedorova et al., Opt. Express, 18(18), p. 19438, 2010 6/ 41
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Spectral characteristics
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A tuning range of 202N M was achieved with the QD laser.
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The results obtained show that the tuning range is mostly enhanced on the blue side of the
spectrum for lower temperatures and higher pump currents, whereas reducing the cavity losses
assists in the enhancement of the tuning range on the red side of the spectrum.

K.A. Fedorova et al., Opt. Express, 18(18), p. 19438, 2010
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Spectral characteristics
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"SHG in a periodically poled KTP waveguide

PPKTP crystal used in this work Gain A2 Filter
* 16 mm length Chip
» facets not AR coated ) ] —~—
Diffraction

« waveguide with cross-sectional area of ~4x4 ym? Grating
« periodically poled for SHG at ~1183 nm Lens Lens Lens Lens

(poling period ~12.47 um) Both the pump laser and the crystal KTP
« refractive index step An=0.01 were operating at room temperature

9/41

K.A. Fedorova et al., Laser Physics Letters, 9(11), p. 790, 2012
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o TVETSICY Blue-to-Red tunable SHG
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ey SHG at 561 nm from a PPLN waveguide
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e onersy Compact visible laser sources
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S InAs/GaAs QD mode-locked tunable laser

* 10 non-identical InAs QD layers,
grown on GaAs substrate

4 mm length, 800 um saturable absorber
* 6 um wide waveguide

« waveguide angled at 7°

» facets AR coated: Rangled < 107

Rfront ~ 102
Gain
Chip
T —
Diffraction
Grating
Lens Lens

Gain Chip
I~ | s

3 mm

INNOLUMG

Reverse
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InAs/GaAs QD mode-locked tunable laser
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A broadly tunable high-power external cavity InAs/GaAs quantum-dot mode-locked laser with a tuning range
of 137 nm (1182 nm — 1319 nm) is demonstrated

Appl. Phys. Lett. 101(12), p. 121107, 2012
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ey Broad Repetition-Rate Tunable QD-ECMLL
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=Y Orange-to-Red tunable picosecond SHG
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QD Tapered Lasers
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Broadly tunable QD-based MOPA

Schematics of a master-oscillator power-amplifier
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Demonstration of a 96-nm tunable (between 1187 nm and 1283 nm) MOPA
picosecond optical pulse system formed by an QD-ECMLL and a tapered
SOA with 4.39-W peak power under fundamental mode-locked operation 19/41
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ey High-power QD-based MOPA

! QD-ECMLL |
! .| CBG l

Lens ] TS SOA
\ Gain HWP
Absorber A
Gain Chip
« 10 layers InAs QDs, grown on GaAs
substrate

4 mm length, 800 um saturable absorber
* 6 um wide waveguide

» waveguide angled at 7°

- front facet AR coated: R angled < 10°

* back facet HR coated: R ~ 95%

Optics Express, 20(13), p. 14308, 2012

OSA = PC

FS {Autoco- Osc

Lens

PD = RFSA

HWP

SOA

« 10 layers InAs QDs, grown on GaAs substrate
6 mm length

» waveguide width changes from 14 pym to 80 um
- facets AR coated: R~ 10°

Chirped Bragg grating (CBG)

- center wavelength ~ 1262 nm

- reflectivity ~12-15%

20/41
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High-power QD-based MOPA
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*Optics Lett, 2014 submitted
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Compact QD laser sources
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weimesy - QD Semiconductor Disk Laser (SDL)

Butkus et al., 2010
Rautiainen et al., 2010
Butkus et al., 2011
Schlosser et al., 2009

Germann et al., 2008

Butkus et al., 2011 ‘ O @
Rautiainen et al., 2010 [32] *
Albrecht et al., 2010 [27]

Butkus et al., 2010 [33]

Lott et al., 2005 [25] @

Hoffmann et al., 2010

Vertical External Cavity Surface Emitting Laser (VECSEL)
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M. Butkus et al., IEEE J. Sel. Top. Quant. Electron., 17, p. 1763, 2011 ‘IEEE Phot.Tech.Lett, 26, p. 1565, 2014 24141
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wEeRy 1,6 W CW from QD gain at 1260nm

New design with 39 QD-layers: achieve highest average output power
of a cw QD-VECSEL operating in the 1.26-um spectral region
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Intracavity SHG in QD VECSEL
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Recent development of mode-locked SDLs with

QD technology

Average output power (W)
o o o - Y

o

N
1 N

o

Gain

QD SESAM

@4
.0 - o 2 808 nm
pump
1 1. Wilcox et al_, Appl. Phys. Lett. 94, 3 (2009)
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QW Gain Gain:
Mode-lock SDL with QW gain and using QD SESAM <6 la QW
QD SESAM ayers of
* A =965 nm SESAM:
» Room temperature operation (20°C) oc 5 QD layers

pump \

* Qutput power: > 1 W
* Pulse duration < 1.5 ps
* Repetition rate: 500 MHz

M % FAST-DOT
SQUARED 30/41

Appl. Phys. Lett., 94, p. 251105, 2009
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isenUniversity Salf-mode-locking in semiconductor lasers

.RF frequency spectra: M5 6.8kW peak power
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Gaafar et al, Opt. Lett., v.39(15), p. 4623-4626, 2014
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Linear excitation Two-photon
fluorescence excitation
fluorescence

@
A 0 T afpef
“l

hVe < th

hVe > h\/f

signal signal
is NOT confined is confined

Single Photon Excitation: Lots of absorption everywhere,
sample damage and no intrinsic sectioning

Multi-Photon Excitation: Absorption/excitation only in
focal volume, less damage, live sample imaging, 3-D scanning,
longer wavelength=less scatter 34141




AstonUniversity  Multi-photon imaging with femtosecond laser

GFP labelled neurons (two-photon

excited fluorescence - TPEF) SHG Imaging of Vulva Muscles
Backwards and body walls

Body wall muscles (SHG)
Forward =

C. Elegans

Combined

ICFO Barcelona
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Multi-photon imaging with femtosecond laser

Green fluorescent protein (GFP) labeled Neurons in C.elegans using two-
photon excited fluorescence (TPEF) microscopy
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Multi-photon imaging with compact laser

3D stacks of living C.elegans. Shown 3D stacks of mice liver
here are the 3D-projections of a nerve
ring stained with green fluorescent

: Courtesy of MMI GmbH
protein (GFP) ‘
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TPEF imaging from the MOPA system

Microscopy setup and TPEF acquisition parameters:

Avg. Pow. Peak Pow.
Objecti Pul idth
Laser jective Hise Wl at the S. plane at the S. Plane
NA [ps] [mW] [W]
SLD + SOA ext Cavity 1.4 ~9 ~18-23 ~3-4

Nonlinear Microscope

Fluorescent f

X-y scanning
stage

QD-ECMLL

|
|
]
1
]
I
]
I
I

(Gain chip

Telescope M1

{ Lens SOA Lens
Gain  Absorber 0l HWP

TPEF image of 15um Crimson fluorescent beads for blood flow determination imaged using the chip-
sized based ultra-short pulsed laser system. The resulting images were obtained by averaging 10
frames to improve the signal-to-noise ratio.

Y. Ding et al, Optics Express, v.20(13), p.14308, 2012 In collaboration with ICFO Barcelona
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Future perspectives

Ti:sapphire

Florent Haissa et al. Journal of Neuroscience
methods 187 (1) 67-72, 2010
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Conclusions

* The quantum-dot structures demonstrate big potential in
ultrafast physics:

— Broad band tunability

— Generation of pico- and femtosecond pulses directly from
edge-emitting laser diodes

— Generation of pico- and femtosecond pulses directly from
surface-emitting laser diodes

— High-power
— Efficient SHG

* The high potential applicability of QD-based lasers in
Biophotonics
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