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Fabrication of Quantum Wells and
Superlattices by Molecular Beam Epitaxy

R. Hey
Paul-Drude-Institut fiir Festkorperelektronik: Berlin

Qutline

MBE--Method and equipment
Growth mechanism of 11I-V-compounds

Homoepitaxy GaAs
Heteroepitaxy I--AlAs/GaAs
Single quantum wells

Sl T Heteroepitaxy II--dopedf'structures
'— Superiattices
Strained layers
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i H i
= i ' ;
[~ 10 / I
- | oo
Q. ‘_ ‘A'WM‘ Iy i
i ’ P |
02+ I -
0 .
0.0 e |
S I a ‘
A ] -
— f |
::g A I:' j :
|‘

M4.574.1.1
T'=03K. dark
n. = 1.08 x 1016 m-2

= 2
B,= 94 mVs

mdST40L.org
CFnediand-30.1. 1996

( ki)

Xy

,)



M 4.579.1.1
I'=03K

n = l1.4x 1012 ¢m-2
H

= 3 x 6 2
'uH 0.63 10 cm=/Vs 2457901.arg
CRicdel-1.2.199




S MQ\JJ, SL: level schences

/\-\_s:n Xz
i S =

____4/—7\"-'—-—..-. COS K2

()

) D

{c)

Confined energy levels and wave functions,  a) Single quanium weil.
) Multuquantiem weil siructure with thick barder layers. 2) Fonuation of
minibands in supesiattics.
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PRINCIPLE

2D (a)

GaAs

quasi - 2D (b)

Growth front roughening.
Elastic relaxation at the step-
edges

3D - coherent (¢)

1

clastic relaxation at the free
island-edges

3D - incoherent (d)

Plastic relaxation by formation
of 60° disiocations at the island
edges. Formation of pure edge
dislocation during the island
coalescence

Different growth regimes of InGa,As (x > 0.25
strained layers on GaAs as a function of coverage

A




(a) c(4x4) , 0 =0 (b) (2x3) ,©=1ML

(c)©®=1.7ML (d) © =2.5 ML
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Planar, protonimplanted |
surtace-emitting laser (sch. view)

light out
p-contact

ffffff
El

H+ Implantation
| / GRIN-structure
QWs

-~ GRIN-structure

n-DBR

n+ GaAs substrate

n-contact
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reflectivily

Distributed Bragg Reflector (DBR)

Fabry-Perot-Resonator

Mirror Cavity . Mirror

Mirror: substituted by DBRs , composed of multiple
double layer----- each layer A/4 thick

1 -
i -\ 20 pair DBR  (AlAs/GaAs)
§] i 7 T T T T ; T i —
800 . wavelength (nm) 1200
reflectivities: 10 pair DBR: R~95%

20 pair DBR R=~2>99%

1




VCSEL: Potentials

¢ high packaging into 2-dim. arrays

¢ low threshold currents

—>extremely small radiation emitting volumen
4 mono mode operation

¢ very efficient coupling into fibres

ISOLATION GROOVES ROW PADS

/
rf/ A \ ﬂ/y,!
7 A o

oy

TOP LASER
CONTACTS

LASER

LAYER

T T e + LAYER

SEMIINSULATING
SUBSTRATE

COLUMN PADS

Scheme of a matrix-addressable VCSEL-array
J.L.Jewell et.al. IEEEE Journal of Quantum Electronics 27 (1991) 1332 -

applicable to: optical interconnections
optical parallel processing etc.

1%



VCSEL: Demands

4 matching: e location of the cavity mode

e max. reflectivity of DBRs
e gain spectrum of the QW

—> ~ 0.5% accuracy of layer thicknesses
—> high flux stability
—accurate growth rates

¢ low resistivity in the vertical direction
for low heat production and
low voltage operation

—> gradual composition at heterointerfaces

4 high crystalline perfection of the entire
structure

—> avoid dislocations in the QW

Ly



Properties of DBRs composed of
AlAs/GaAs

© e high reflectivity ( An>max)
—>low number of A/4-pairs

© e good thermal conductivity

@ e high series resistances
AEC% 0.2eV . AEVz 0.5eV

24
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Influence of 3-doping on the GaAs/AlAs Heterobarrier
w
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