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Outline

Towards green photonics: low threshold, temperature
Insensitive QD based optical sources

Mode locked lasers: comb generation, all optical
signal processing

Photonic crystal based sources (LAAS Toulouse)
Similar work by japanese groups

Summary
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Density of states for charge carriers
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Arakawa et al., Appl Phys Lett. 1982 Atom-like density of states

ANR JST Workshop Paris Nov 2009 % @



Expected properties
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Molecular Beam Epitaxy (MBE) Growth
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Threshold current densities
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InNAs/GaAs QD lasers for telecom applications

Advantages : high T,  Low-cost lasers
coolerless operation, simple electronics
small a, chirpless operation
Isolator free package
no filamentation in high power lasers

small jitter
GaAs : low-cost substrate & mature technology

AlGaAs based DBRs : attractive for monolithic VCSELs (MANs, LANS)

low jitter, small linewidth pulse generation (OTDM, signal processing)
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InNAs/GaAs active layer

1.5 mm p-Al,;:Ga,As cladding

1.5 mm n-Al,,:Ga, As cladding
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Ridge wavequide lasers: Technology

N

Fabrication

Reactive lon Etching (SICl, ): 2-um ridge  single mode waveguide
In-situ control of etch depth

Polymide planarization and passivation

Low capacitance devices : high-bit rate applications
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Transmission @ 10 Gbit/s [25-85T]

‘Infinite’ To !

w. Uncooled 10Gb/s Transmission

@ Constant Operation Parameters
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INAs/INP (100) Q-D for 1.55 um applications
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PL Intensity (a.u.)

High modal gain InAs/InP (100) Q-dash lasers
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J /layer : 108, 83, 116 A/lcm2

0o = 36, 48, 40 cm-1 for 6-, 9-, 12- DWELL layers

9-DWELL : similar to standard 6-QW
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Dynamic properties
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Pulse generation @1.55 um using FP InAs/InP QD

Very high bit rate telecom applications:

« OTDM Pulse source
* All-optical signal processing
e 100 Gigabit Ethernet

RF signhal generation:

e Radio over Fibre (LAN)
e Optical sampling (Instrumentation)
 Radar (Defence)
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Sub-picosecond pulse generation

Sub-picosecond pulse generation: Dt =800 fs @ 134 GHz

70 ps )
Dt,. =1.1ps _
ER = 13 dB Dt AC — 800 fs Dm= 0.54 THz
pulse Dt_... Dm= 0.46
134 GHz | oulse
Hyp: Gaussian shape

—— > Transform limited pulse generation
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One-section (FP):photocurrent analysis

Photocurrent spectrum
* Very low value of the free- running spectral
linewidth Dm, observed in SC- ML Laser

fsp = 42.20 GHz
D> = 50 kHz

Res BW = 10 kHz C. Gosset, et al., Appl.Phys.Lett., 2006

« Homodyne measurement of mode spectral linewidth:

Do = 17.7 MHz >> Dy, = 50 kHz
m= > Phase correlation of optical modes

Low « high frequency » timing jitter expected (< 100 fs)
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One-section (FP):photocurrent analysis

ANR JST Workshop Paris Nov 2009



ANR JST Workshop Paris Nov 2009



All-optical clock recovery at 40 Gbit/s

Fo~ and 60MHz  First demonstration of agreement with the ITU
standard jitter transfer function for an optically
based clock recovery

Renaudier et al.

PD-ECOC 2005
Recovered clock

Incoming data
OSNR =22 dB/0.1nm
RMS jitter = 0.45 ps

10 ps/div l 10 ps/div 1
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WUV

Comb generation for access networks

Optical spectrum
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100 GHz channel spacing

L =420 um
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Exploit the wide QD optical
spectrum!
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A Akrout et al., ECOC’08 Postdeadline
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Transmission of 8 WDM channels at 10 Gbit/s
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A Akrout et al., ECOC’08 Postdeadline
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Array of membrane photonic crystal laser:

ANR JST WOrkShop

IS Nov

2009

300 nm GaAs membrane
with InGaAs QWs

400 pum x 30 um laser cavity

W3 defect waveguide in optim
photonic crystal for wavelengt|
selectivity and high Q.

Engineered etched mirrors to
optical reinjection

Optically pumped at 532 nm
Edge emission



Array of membrane photonic crystal laser
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Mode-hop free lasing
Single mode DFB emission
Low threshold

Control of emission wavelengt
affine deformation of the PhC

Array of finely spaced single n
DFB lasers
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Ecoc 2009, Postdeadline
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19th IEEE IPRM 2007, Matsue, Japan
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