Introduction to Physics of Nanoparticles and Nano structures

Part II: Physics of Nanostructures Questions on Module 5

1. Consider the conduction band of an unbiased GaAs-Al,Gaj_,As-GaAs heterostructure, which
forms a rectangular barrier of height V, = AE¢x (band offset) and width w = 2a, within the
effective mass approximation.

(a) Using the transfer matrix method, show that at energy E (measured from E¢) below V,
i.e., for E <V, the transmission coeflicient is given by

B transmitted electron flux

T(E) =

incident electron flux
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where k = v2m*E/h and v = /2m*(V, — E) /h.
(b) Show that for E >V,
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where k = v2m*E/h and k1 = /2m*(E — V,)/h.

(c) Derive the expression for the reflection coefficient defined by

T(E) =

reflected electron flux

R(E) =

incident electron flux’

and thereby show that R(F) + T(F) = 1.

2. Consider now a biased GaAs-Al,Ga;_,As-GaAs heterostructure, which forms a barrier of
width w = 2a, that may be approximated by an asymmetric barrier of height V, = AFE¢
(band offset) on the left and height V, + V4 on the right (as Ec goes down by —Vj on the
right).

(a) Using the transfer matrix method, show that the transmission coefficient for transmission
from left to right for £ < V, the transmission coefficient is given by
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where k = v/2m*E/h and v = /2m*(V, — E)/h and ke = \/2m*(E + V1) /h.

(b) Show that the transmission coefficient from right to left is same as that for left to right,

T(l—)r) (E) =

ie.,
Tusr) (E) = Ty (B),

even though the barrier is asymmetric. (c) Derive the expression for T'(E) when E > V,,



3. Consider an unbiased GaAs-Al,Gaj_,As-GaAs-Al,Ga;_,As-GaAs heterostructure, which
forms two rectangular barriers of identical height V,; the width of the barriers may be differ-
ent and let they be 2a;, and 2apr for the left and right barriers and the separation between
the two barriers be b.

(a) Using the transfer matrix method, show that for identical barriers (i.e., ar, = ag = a) the
total transmission coefficient of the double barrier for £ <V, is,

¢

Tiotal(E) = )
totat (E) T2 + 4Ry cos?(kb — 0)

where, k = vV2m*E/h and v = /2m*(V, — E)/h, 0 = 2ka — tan™! {kz;f tanh(2a'y)}, Ty is
the transmission of a single barrier, and Ry =1 -1}

(b) Determine the maximum and minimum values of T;y;(F) and the condition for resonant
tunneling states or the quasi bound states.

(c) Show that around a quasi bound state E,, the total transmission coefficient of the double
barrier or the resonant tunnel diode can be approximated as

T
Ttotal(E ~ En) ~ §F"6(E — En),

and in general
7
Ttotal(E) ~ 5 Zrn(s(E - ETL)v
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where I'), = {2h2EnT12/(m*b2R1)} / .
4. Consider a biased double barrier. Then using the transfer matrix method for biased barriers,
determine the total transmission coefficient of the double barrier.
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