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T. P. Pearsall, , Wiley (1982)

InGaAs
(Eg=0.75eV ���� λλλλg=1.65µµµµm))))

InP (Eg=1.35eV ���� λλλλg=0.92µµµµm)

In1-xGaxAsyP1-y
alloys cover all the spectral 
range required for optical 
telecom

• High quality material

• Established
growth techniques
and material processing

• Suited for active devices 
(lasers, amplifiers, 
modulators, ...) and passive 
structures (waveguides, 
couplers, ...)

In1-xGaxAsyP1-y
lattice matched to InP

((((λλλλg=0.92 - 1.65µµµµm))))
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e - h semi-bound states (τ ∼ 100 fs) which
produce sharp absorption peaks detuned from 
the transition energies (absorption steps) by 
their binding energy

Eb (~8  meV per InGaAsP)

E
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compressive strain tensile strain

aL

aS

aL

aS

m
a a

a

a lattice parameter of epitaxial layer

a lattice parameter of substrate
L S

S

L

S

= − =
=

RST

� �$ � ��+ !�� �$ � ��+ !�

The epitaxial layer can be grown with a lattice parameter slightly different from the 
substrate lattice parameter (lattice mismatch).

m>0 m<0

, aL  = lattice parameter of the epitaxial layer
aS  = lattice parameter of the substrate
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T. P. Pearsall, , Wiley (1982)

InGaAs

InP

InGaAs

InP

A(B
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∆Ve =    94 meV
∆Vhh =  107 meV

τhh
T =   3.9  ps

τhh
TU =  13.2 ns

∆Ve =  111 meV
∆Vhh =   47 meV

τhh
T <   0.1 ps

τhh
TH =   0.5 ps
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Multi Quantum Wells are stacks of decoupled QWs 
(with sufficiently thick barriers): enhancement of single QW effects

ENERGY

Z Y

XZ

WELLS
(e.g. InGaAs)
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(e.g. InP)
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At high optical power the MQW material becomes more transparent and 

also the (real part of) refractive index changes

kTE

N

∆nTE

N

• Real (n) and imaginary (k) parts of refractive index strongly depend
on the carrier density N.

• N can be increased through current injection or optical pumping.
• Optical properties (n, k) changes due to optical pumping are at the basis of the optical processing 
of optical signals (optically controlled or all-optical devices).

+ �, � � � �4�, �, � ��� � � � 1 
 � � �* � � �3 � ��%�� � � &
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Monolithic integration provides enhanced functionalityenhanced functionality,
like in Electronic Integrated Circuits (EICs)

monolithic integration

ElectronicsElectronics

monolithic integration

PhotonicsPhotonics

Electronic Integrated Circuit (EIC):Electronic Integrated Circuit (EIC):
MicroprocessorMicroprocessor

Photonic Integrated Circuit (PIC):Photonic Integrated Circuit (PIC):
Wavelength converterWavelength converter

Discrete component:Discrete component:
TransistorTransistor

Discrete component:Discrete component:
DFB laserDFB laser
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EIC:EIC:
• mature technology
• high automation
• large scale integration: >106 components/chip
• low cost/surface: Si        ~ 0.1 Euro/cm2   (10 Euro/4”wafer)

GaAs   ~    4 Euro/cm2 (80 Euro/2”wafer)

PIC:PIC:
• novel technology
• low automation
• low scale integration:   ~ 10 components/chip
• high cost/surface: InP ~  12 Euro/cm2 (~240 Euro/2”wafer)
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““00”” STATE STATE 
without pump pulsewithout pump pulse

““11”” STATE STATE 
with pump pulsewith pump pulse
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InP:S substrate

InP
InGaAsP

Air

��7��7 � �� 
����#� �� 
����# + !+ !

Beam Propagation Method

Mode Solver

ridge waveguide

MMI splitter

effective index, mode profile

field propagation, absorption and scattering loss
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semi-insulating InP

n-doped

p-doped

n-doped
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Gain Optical properties: n+ik (λ, F, T)
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BUTT-COUPLING
OR BUTT JOINT

SELECTIVE AREA
GROWTH (SAG)
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EAMDFB

• DFB growth 
• Complete etching in EAM region
• EAM re-growth 

� Independently  optimized structures  

� Interface morphology

• Common growth DFB and EAM 
with SiO2 mask (different Eg)

� One growth

� Complex calibration 
Trade-off between structures

• One common MQW acting as DFB 
active layer and EAM core

� Easy growth

� Strong compromise between
DFB and EAM
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External modulation
of a DFB laser (EML)
External modulation
of a DFB laser (EML)
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Via G. Schiaparelli, 12
10148 Torino 
Italy

Activity: R&D 

• Fiber Optics Transceivers

• Semiconductor lasers

People: 70 (Mainly R&D Engineers)

Expertise: Optoelectronic and photonic technologies 
• New devices and components conception and design

• Semiconductors
• Device design, prototyping and characterisation
• Components packaging and characterisation
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Gaf = Ga atom on field ; Inf = In atom on field ;      Gas = Ga atom on SiO2 ; Ins = In atom on SiO2 ;
Ld Ga = Ga diffusion length ; Ld In = In diffusion length ;

• The growth rate on SiO2 is ZERO � Ld Gaf &  Ld Inf <  Ld Gas &  Ld Ins

• Ld Gas <  Ld Ins ���� In enrichment on SAG region

TMGa

TMIn

Gaf Inf

Gas Ins
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