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Abstract

The binding energy of donor impurity in tetragonal quantum dot is investigated with two-paramater variational procedure
considering the influence of infinite barriers under spatial electric field. It is found that binding energy of a donor impurity
in tetragonal quantum dot depends strongly on the Lz/L ratio, applied spatial electric field strength and impurity position.
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INTRODUCTION

In the last years, Low dimension structures
(Quantum Dot, Quantum Well Wire, Quantum
Well) have let to important development of
optoelectronic devices such as quantum
transistors, quantum dot lasers, high-speed
memory elements, quantum computing. In
these systems, electrons are confined to one,
two and three dimensions. When the quantum
size is reduced, electron moves in smaller
space and interaction of electron and
hydrogenic impurity increases as size
increases. There are several reports on the
binding energy of the donor impurity under the
electric field [1-10].

EXPOSITION

Within the framework of effective-mass
approximation, the Hamiltonian for the ground
state energy of a donor impurity in a TQD
under an external electric field is given by

2 2
h e

V4 eF.F+V(x,p,2) (1)
2m elF -7

where m*, e and ¢ are the electron effective
mass, charge and the static dielectric constant,
respectively.
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the distance between the electron and the
impurity site. eF.7 is the effective potential

energy induced by the external static electric
field. V(x,y,z) is the confining potential
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L and L_ are dimensions of the TQD. The

center of the TQD is chosen as the origin of
the system. The external spatial electric field is
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, where @ and ¢ are the angles in spherical

coordinates. Effective Rydberg constant
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effective Bohr radius a” =7%i’g/m" e® as the
length unit, the Hamiltonian becomes
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where 77:|e|a*F /R* is the dimensionless

measure of the electric field. The trial wave
function given in Ref. [11] is chosen as
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where a,b and [ are the
variational parameters. N, ,, is the

normalization constant of the wave function.
The coefficients 7 and D take the values zero
and unity depending on the quantity to be
calculated.
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ground-state wave function in the TQD with a
square base (L by L) and height (Lz )

The ground state energy of the system
without impurity can be written as

Eo = <\P0,1 ‘Ho,l‘\yo,1> . (5)

The ground state energy of the system with
impurity can be defined as

E; = <\P1,1 ‘H1,1‘\P1,1> : (6)

The binding energy £, can be given as
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Fig. The variation of the ground state binding
energy of a donor impurity as a function of the

L, / L ratio in the TOD for different values of
electric field strength and impurity position

In Fig., the binding energy of a donor impurity
has been plotted as a function of the L_/L

ratio for two different spatial electric field
strengths and four different impurity positions.

From Fig., as the spatial electric field strength
decreases, the binding energy increases for all
the impurity position and all values of L_/L
ratios. In this figure, it is observed that the
difference in binding energy occurred by two
different spatial electric field strength
increases with moving impurity from center to
x,=y,=z,=L/8, as expected. But in
contrary to the expectations, this difference in
the  binding  energy  decreases  for
x, =y, =z, =2L/3.

CONCLUSION

It is found that binding energy in tetragonal
quantum dot depends on the L_/L ratio,

applied spatial electric field strength and
impurity position.
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