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The study of two-order nonlinear optical properties in

semiparabolic quantum well

LI Jun-Sheng, ZHANG Zhi-Hai , SUN Dong-Sheng , YANG Liang-Liang
(College of New Energy and Electronic Engineering, Yancheng Teachers College, Yancheng 224002, China)

Abstract: Studies aimed at understanding the nonlinear optical properties of GaAs/AlGaAs semiparabolic
quantum well under applied electric have focused on optical rectification and second harmonic generation.
These studies have taken two complimentary approaches: (1) the compact-density-matrix approach and
iterative method have been used to obtain the expressions of optical rectification and second harmonic
generation; (2) the finite difference techniques have been used to obtain the energy eigenvalues and their
corresponding oeigenfunctions of the semiparabolic quantum well under applied electric field. The energy
eigenvalues, the shape of the confined potential, optical rectification and second harmonic generation are
modulated by the confined potential frequencies and electric field. So the results of a number of numeri-
cal experiments indicate that the nonlinear optical rectification and second harmonic generation strongly
depends on the confined potential frequencies and applied electric field. This gives a new degree of free-
dom in various device applications based on the intersubband transitions of electrons.
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The energy levels of several low energy states in a semi parabolic quantum well

Electric field value (107V/m)

Exact solution(eV)

Differential calculation solution(eV)

F E, E; E; E, E, E;
0.0 0. 355435 0.829347 1. 303260 0. 3541 0.8273 1.3008
0.5 0.367740 0.847838 1. 326387 0. 3664 0. 8458 1.3238
1.0 0.379938 0.866231 1.349418 0. 3785 0. 8641 1. 3468
1.5 0.392031 0. 884527 1.372353 0. 3906 0. 8824 1.3697
2.0 0. 404022 0.902728 1. 395194 0. 4025 0. 9005 1.3925
2.5 0. 415914 0. 920834 1. 417941 0. 4144 0.9186 1. 4152
3.0 0. 427709 0. 938849 1. 440596 0.4261 0.9366 1.4378

.5 0.439411 0.956772 1. 463160 0.4378 0.9545 1. 4603
4.0 0. 451020 0.974605 1. 485634 0.4493 0.9722 1. 4828
4.5 0. 462540 0.992349 1.508018 0.4608 0.9899 1.5051
5.0 0.473973 1. 010007 1. 530314 0.4722 1.0076 1.5274
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Fig.1 Schematic diagrams for the energy levels of

several low energy states in a semi parabolic
quantum well
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Fig. 2 The second harmonic susceptibility versus the photon energy for y= 41 with three
different strengths of the electric field F=0, 2X107, 5X10"V/m (a); the energy

levels space AE(eV) (b), and the matrix elements M;, M,; M,

(c) are plotted as a

function of the electric field F, respectively
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Fig.3 The second harmonic susceptibility versus the photon energy for = —1 with three

different strengths of the electric field F=0, 2X10", 5X10"V/m (a);

the energy

levels space AE(eV) (b), and the matrix elements M, M,; M;; (c¢) are plotted as a

function of the electric field F, respectively
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The optical rectification versus the photon energy for y =+ 1 with three different
strengths of the electric field F=0, 2X107,

5X10"V/m (a); the energy levels space

AE(eV) (b), and the matrix elements § (c¢) are plotted as a function of the electric

field F, respectively
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The optical rectification versus the photon energy for 5

= — 1 with three different

strengths of the electric field F=0, 2X10", 5X10"V/m (a) ; the energy levels space
AE(eV) (b), and the matrix elements § (c) are plotted as a function of the electric

field F, respectively
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