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Example : Gallium Nitride (GaN) and related alloys : red, blue, green and white LEDs
Example : Gallium Arsenide (GaAs) and related alloys : LEDs, lasers, transistors
Example : Indium Phosphide (InP) and related alloys : Telecom laser sources or detectors
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� Lattice mismatch between layer and substrate : 

alayer ¹¹¹¹ asubstrate : DDDDa/a = (a l –a s) / a s

asubstrate

aunstrained layer

Bi-axial strain

astrained layer

Elastic deformation
until …

relaxation
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� Strain compensation in Multiple quantum well

asubstrate

aunstrained well

aunstrained barrier

Compressive 
strain

tensile 
strain

asubstrate

asubstrate

>

<

Strain
compensation
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Surface "morphology"

poor !



Surface "morphology"

Good !
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Si

Ge
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InP

AlAs

GaAsGaP
GaxIn1-xAsyP1-y

y

x

AlyGaxIn1-x-yAs

0

1

0
1 0

1

y

x

0

1

As/P

Ga/In

InAs
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Iso bandgap and 
iso lattice parameter in 
the  quinary space 
AlGaInAsP

Valley G
Valley X
Valley L

AlGaInAsP quinary material 
hand-made prism space 
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Iso bandgap and 
iso lattice parameter in 
the  quinary space 
AlGaInAsSb

Valley G
Valley X
Valley L

InP

InP
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S.I. InP substrate

HEMT layers

PIN layers

PIN 
Photodiode

HEMT

GaInAs p [ Zn]

S.I. InP substrate [Fe]
AlInAs

d-dop. Si
AlInAs

GaInAs nid

InP

AlInAs

GaInAs nid

10 nm
120 nm

0.3 µm

0.3 µm

4 nm

10 nm

10 nm

15 nm

0.03 µm

2 µm

buffer

spacer
channel

sub-channel

GaInAs nid
InP p [Zn]

InP n [Si]

cap

absorption

cap
barrier

HEMT
layers

PIN
layers
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AlGaInAs MQWs
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t1

Substrate

DielectricLayer

Vapor Phase diffusion of precursors
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Substrate

DielectricLayer

No material deposition = 
selectivity

"Field area " = 
nominal growth rate

Growth rate 
enhancement (GRE)
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Wo

Opened area

Wo

Wm
Masked area

Wm

Wide stripe SAG : Wm, Wo     >    surface diffusion length
(> 10 µm) (near the mask)

At center of masks, Vapor Phase Diffusion (VPD) dominates
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Substrate

02 =Ñ N

Ä xy

z

0=¶
¶

x
N

0=¶
¶

z
N

0=¶
¶

x
N

ND
k

z
N s=¶

¶

0)( NHN =

0=¶
¶

z
N

D/kS :
Diffusion length of a 
precursor
the only adjustable 
parameter
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Optical waveguide 
axis

t3

t1

t2

t1

t1

t1
lll l 3

lll l 2

lll l 1

lll l 3 > lll l 2 > lll l 1

laser, SOA,…

EAM,…

SSC, passive waveguide…
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Schematic

Reality

200 nm

Cristal
plane

Surface migration (not VPD)

mask
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HRXRD and PL on patterned wafers :
very small area to be analyzed
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FIB  : IEMN, Villeneuve d'Ascq, France

STEM : C2N, CNRS, Palaiseau, France
200 µm

1 µm

10 nm

EAM

SOA

passif
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FIB STEMFIB
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One growth step :
Multi-wavelength area
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PL wavelength (nm)
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Laser

EAM

Mask width / Mask pitch (µm)

AlGaInAs(P) based MQW active structures
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2’’

2’’ on 200 mm 
SOI wafer

4’’ on 4’’oxidized Si 
wafer

4’’
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