Fisica de Semiconductores



magnético en z

Repaso

* Para electrones en x-y con un campo

eH
W o= —




Prediccion vs. experimento
m et m H lﬁ

Y > >

2 Y
ne T mc ne T nec UV e
N ¢0 he
V — y QSO T
0 e
0 2 4 6 8 1 12 14 0 2 4 6 8 1 12 14
T T A T T T A
1.0 [ 1.0
Pax 34 Pux 5ol | ‘
Ysq *° °% lkcysq 29[ 108 1,
2.0 08 20f los
| J
15 15}
04 - 104
10 10}
02 ' 402
05 05f
00/ O_D 00 " 1 1 al L J | \ L 1 0.0
0 2 4 6 8 10 2 14 0 2 4 6 8 10 2 14

Magnetic Field (T) Magnetic Field (T)



Hamiltoniano

 En la formulacion hamiltoniana, las
ecuaciones de movimiento son

dp __0H  dr_oH
dt or dt Op
* Proponemos que el hamiltoniano para un
electron en un campo es (6 > 0)
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* En componentes, fj — —_
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Verificacion Il
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Ecuacion de Schrodinger for o(r)=0

1 e
H=—p+-Ar
2m_p C ( )
1 I 12
= z’hV+EA(r)
2m | C
1 h (6\2
— WV — (V- A+ A-V)+|=| A
2m . . C)
1 Lolr O ()2 _
= R VA S B
2m c Oy |c,




Ecuacion de Schrodinger (cont 1)
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Ecuacion de Schrodinger (cont 2)

Finalmente.
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Ecuacion de Schradinger solucion
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Schrodinger (sol. 2)

Dividing by fg
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Schraédinger (sol. 3)

For f to be normalizable
f(Z) _ eikzz
So that
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Schrodinger (sol. 4)

We can then rewrite the original equation as
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Schrodinger (sol. 5)

Proponemos otra separacion de variables
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Schrodinger (sol. 6)
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Schrodinger (sol. 7)
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Schrodinger (sol. 8)
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Harmonic oscillator
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Densidad de estados

* Algunas propiedades dependen de los
autovalores a través de la energia:
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Ejemplo: particula libre

» Particula libre ¢ (r) =

|
* Born von-Karman ( y+sz):¢(;§,y,z)
(wwn2t L)




Densidad de estados particula libre
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Density of states Landau levels
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2m

 We can define a density of states per Landau

level as g(&:) = ;gn (5) g (5) — Zgnvky (5)
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Sumando sobre ky
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Densidad total
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Electrones en 2D

* Si confinamos los electrones en 2D, tenemos
para el estado fundamental
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Filling factor

e Sitenemos N electrones, podemos definir el
filling factor como
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* O sea que los plateaus ocurren cuando
llenamos exactamente un nivel de Landau...




Agregando un campo eléctrico
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Solucién para u

La ecuacion final para u es
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Corriente
v=p+°A A=(0Hz0)
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Corriente en la direccion y
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Resistivity
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Método alternativo
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Transformacion de gauge

* Hagamos
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Corriente como derivada
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Efecto del parametro g

Then the equation for u becomes
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Notice that for g = 1 the solutions are identical.



Flujo extra en el caso Ez0
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