CLASE 4 - martes 06/04/2021

La clase pasada vimos:
Efecto Hall en el modelo de Drude.
Conductividad AC (alterna u optica) en el modelo de Drude.
Funcion dieléctrica: condicidon de transparencia de metales

Oscilaciones y frecuencia de plasma

En esta clase veremos:
Oscilaciones y frecuencia de plasma

Hetero-estructuras: Sistemas semiconductores de baja dimensionalidad
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90 Modelo de Drude
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Modelo de Drude Oscilaciones de carga: plasmones

El gas de electrones puede tener oscilaciones de la densidad de carga @, = {r::e "
(1.38)
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Modelo de Drude Oscilaciones de carga: plasmones
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The nature of this charge density wave, known as a plasma oscillation or plasmon,
can be understood in terms of a very simple model.2® Imagine displacing the entire
electron gas, as a whole, through a distance d with respect to the fixed positive bacl"{—
oround of the ions (Figure 1.5).2% The resulting surface charge gives rise to an electric
field of magnitude 4ro, where ¢ is the charge per unit area?’ at either end of the slab.
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Consequently the clectron gas as a whole will obey the equation of motion:
Nmd = — Ne|4no| = —Ne(4nnde) = —4nne* Nd, (1.46)

which leads to oscillatron at the plasma frequency.

Few direct observations have been made of plasmons. Perhaps the most notable
is the observation of energy losses in multiples of Acy, when electrons are fired through
thin. metallic films.2® Nevertheless, the possibility of their excitation in the course
of other electronic processes must always be borne in mind.

C.J. Powell and J. B. Swan, Phys. Rev. 115, 869 (1959).
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Sistemas de baja dimensionalidad



2. Sistemas de baja dimensionalidad

Propiedades generales, crecimiento vy dopaje. Ingenieria de bandas de energia. Ejem-
plos: pozos, cables y puntos cuanticos. Aproximaciéon de funciéon envolvente. Gas de
electrones quasi-bidimensional. Ocupacién de subbandas.
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3 HETEROSTRUCTURES

Estructura de semiconductores compuesta por
mas de un material --- normalmente en capas (layers)

Heteroestructura Objetivo: ingenieria de bandas (band engineering)

gran clasico, muy estudiado,
Efecto Hall cuantico

jaAs—Al,Ga;_ As

Inicialmente se buscaron combinaciones con buen matching del parametro de red
para evitar la tensién en las capas sucesivas, pero cada vez se abandona mas esa idea
y se trabaja con capas tensionadas (strained layers).



Crystal Structures of Elements at STP
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Estructuras cristalinas: FCC, diamante y zincblende

(a) (b} (c)

(d) (e)

FIGURE 2.11. Cubic crystal structures: (a) simple. (b) body-centred, and (¢) face-centred cubic
lattices. The structures of the common semiconductors are (d) diamond for elements and (e) zinc
blende for compounds. The plan (1) shows the height of the atoms in units of the lattice constant
for the 2ine-blende structure.



Estructuras cristalinas: FCC, diamante y zincblende
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FIGURE 2.15. (a) Brillouin zone for a face-centred cubic crystal, showing the notation for special
points and directions. Solid lines are on the surface with broken lines inside the zone. (b) Band
structure in the free-electron model, showing the effect of folding back the parabola into the reduced
z0ne.



Aleaciones ternarias de semiconductores



Al: aluminio

¢, Que es Al,Gaj.xAs ? (arseniuro de galio-aluminio) Ga: galio
As: arsénico
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¢, Que es Al,Gaj.As ?
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El ancho del gap oscila entre 1.42 eV (GaAs) y 2.16 eV (AlAs). Para x < 0.4 es un semiconductor directo.



Matching the semiconductores para heteroestructuras
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FIGURE 3.1. Plot of the lattice constant of various semiconductors against their minimum band
gap E,, expressed in eV and as a wavelength. Full lines show a direct band gap. with dashed lines
for an indirect gap. {From Gowar ( 1993).]



Resumen de la clase 4

Oscilaciones de plasma en el modelo de Drude

Heteroestructuras de semiconductores

Definiciones y ejemplos

Aleaciones ternarias
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