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'MOCVD or MOVPE (Metal-/x
_Organic Vapour Phase

Epitaxial Growth Techniques

Molecular Beam Epitaxy (MBE)



Epitaxial Growth Techniques
Molecular Beam Epitaxy (MBE)
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Bandgap Energy vs. Lattice Constant
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Fig. 12.6. Bandgap energy and lattice constant of various [II-V semiconductors at room
temperature (adopted from Tien, 1988).

The use of alloy and heterostructures adds a great versatility to the available parameter space.
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Heterojunctions

A heterojunction is the interface that occurs between two layers or regions of
dissimilar crystalline semiconductors.

Conduction Band (CB)

Valence Band (VB)

Straddling Gap Staggered Gap Broken Gap
(type I) (type li) (type )

e.g.: Aly ;Gagy ,As/GaAs AlSb/InAs GaSb/InAs



Spatial Confinement of Electrons in Quantum Wells
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Heterojunctions
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Parabolic two-
dimensional subbands
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Figure 3.11: Schematic of density of states in a 3—, 2— and 1-dimensional system with parabolic

energy momentum relations.
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Field-effect Transistor

The field-effect transistor (FET) is a transistor that relies on an electric field to control the
shape and hence the conductivity of a channel of one type of charge carrier in a
semiconductor material
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Field-effect Transistor
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Figure 2-13 High-electron-mobility transistor
(HEMT).




Field-effect Transistor

Complimentary Tunnel FET structure



Field-effect Transistor
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Semiconductor Lasers
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Fig. 12.37. Electronic band
schemes E(x) of pn-semi-
conductor laser structures
along a direction x perpen-
dicular to the layer struc-
ture: (a) Degenerately
doped p*"*m~ junction
without external bias (ther-
mal equilibrium); (b) same
p* n ~ junction with max-
imum bias U in forward di-
rection; (c¢) double-hetero-
structure pin junction of p-
AlGaAs/i-GaAs/n-AlGaAs
with maximum bias U in
forward direction. E}., Ep
are the quasi-Fermi levels
in the »n- and p-region,
respectively; Ec and Ey are
conduction and valence
band edges
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Semiconductor Lasers
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Fig. 12.38. Emission character-
istics at room temperature
T=300K of an AlGaAs/
GaAs/AlGaAs double-hetero-
structure laser: the emitted
light power is plotted as a
function of the current I
through the laser; I, is the
threshold current where laser
action begins. Inset: Schematic
layer structure of the laser with
emitted radiation (hv). (After
Kressel and Ackley [12.16])



Semiconductor Lasers






