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Ab : The ir of acoustic and optical phonons in
cylmdncal quantum wires in the presence of an external electromagnetic field is
theoretically studied using a set of quantum kinelic equations for the phonons.
Dispersions of the resonant phonon frequency and the threshold amplitude of
the field for parametric amplification of the phonons in cylindrical quantum wires
are obtained. Numerical computations are performed for the threshold amplitude
of the field in a GaAs/GaAsAl quantum wire. The results have been compared
with bulk semiconductor and quantum wells.

1. Introduction

It 1s well known that in the presence of an external electromagnetic field and when
the conditions of parametric resonance are satisfied the parametric interactions and
transformations of the same kinds of excitations such as ph phonon, pl 1
or of different kinds of excitations, such as plasmon-phonon will arise [1]; 1.e. the process of
energy exchange between these excitations will occur. The parametric interaction and
transformation of acoustic and optical phonon has been considered in detail in [2]. For
semiconductor nanostructures, several works on the generation and the amplification of

acoustic phonon [3.4.5] have been published.

In this paper we are study the parametric resonance of acoustic and optical phonons
in cylindrical quantum wires in the presence of an external electromagnetic field. We
estimate the numerical values for a GaAs/GaAsAl quantum wire.

2. Quantum kinetic equation for phonons

A cylindrical quantum wire: the radius R, the length L, the infinite confined

potential

V(¥) = 0 inside the wire and V(¥ ) == elsewhere [6]. Using bulk phonon assumption,
from the Frohlich Hamiltonian H(t) for electron - acoustic phonon - optical phonon
interacting system in external electromagnetic field (E cos(Qt))for the cylindrical quantum

wire, we obtain quantum kinetic equations for phonons: x .
2
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where the symbol <x>{ means the usual thermodynamic average of operator x.
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3. Acoustic phonon dispersion and condition for parametric amplification
We limit our calculation to the case of the first order resonance, o, + m,; = Q, and assume
. . . 3 Ly 2 8
that the electron-phonon interactions satisfy the condition ‘( n,l.n‘,l‘((l)l ‘D“‘L“‘_l‘(q )1 << 1
(C,pppr(@ and D, ,..(q) is the electron-acoustic phonon interaction coefficient and
electron-optical phonon interaction coefficient). In these limitations, if we write the
dispersion relations for acoustic and optical phonons as o, (q)=w, +it, and

.. we obtain the resonant acoustic phonon modes (using Fourier

(@) = 0 + T
transformation and from the general dispersion equation for the parametric interactions
and transformation of the acoustic and optical phonons):
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where v, and w,(v,and o,) are the group velocity and the renormalization (by the

electron-phonon interaction) frequency of the acoustic (optical) phonon, respectively.
A(q) = q-q,.q, being the wave number for which the resonance is maximal, and:

A=2 YC,,, n:r(“ll Dy, 1 @] TG0 @)
mln' .l
Signs (+) depend on the resonance condition o, +o;=Q. In such case that 4 << 1. we
obtai the threshold amplitude :
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4. Numerical results and discussions

32 gem™,

A GaAs/GaAsAl quantum wire: & = 5370 ms*, k, =10.9,

k. =129 R

5nm. m" = 0.067 m,. m, is the mass of free electron,
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Fig.1. Threshold amplitude(kVem ') As a Fig.2. Threshold amplitude(kVem ™' ) Asa
function of q(m ') @ =200THz;T=30K :R=6nm function of T(K);R=8nm; q=4.10%m ' ; Q =250THz

This figure 1 shows that the curve has maximal value and is non-symmetric around
the maximum. This is due to the fact that a fixed external electromagnetic field, with an
amplitude greater than the corresponding threshold amplitude, can induce parametric
amplification for acoustic phonon in the two regions of wave number corresponding to the
two signs in 05 +w; =Q. We also demonstrate the threshold amplitude as a function of

temperature using the above set of data in figure 2.

5. Conclusions

In this paper, We have obtained a general dispersion equation for parametric
amplification and transformation of phonons. However, an analytical solution applying to
this equation can only be obtained within some limitations. Using these limitations for
simplicity, we obtained dispersions of the resonant acoustic phonon modes and the
threshold amplitude of the field for acoustic phonon parametric amplification. Similarly to
the mechanism pointed out by several authors for bulk semiconductors and quantum wells,
parametric amplification for acoustic phonons in a quantum wire can occur under the
condition that the amplitude of the external electromagnetic field is sometimes higher than
that of threshold amplitude. Numerical results for GaAs/GaAsAl quantum wire clearly
confirmed the predicted mechanism.

Acknowledgments: This work is completed with financial support from the Program of Basic
Research in Natural Science 411204.

References

1 V.P.Silin., Parametric Action of the High Power Radiation on Plasma (National Press on
Physics Theory Literature, Moscow, (1973).

2, E.M.Epstein, Sov. Phys. Semicond. 10, 1164(1976); M.V. Vyazovskii, V.A. Yakovlev, Sov.
Phys. Semicond. 11, 809(1977); Vo Hong Anh, Phys. Rep. 1, 1(1980).

3. Tran Cong Phong, Nguyen Quang Bau, J. Korean Phys. Soc. 42, 647 (2003)

4. Peiji Zhao, Phys. Rev. B 49, 13589(1994); A.L. Troncoin, O.A.C. Nunes, Phys. Rev. B 33,
4125 (1986); Feng Peng, Phys. Rev. B 49, 4646 (1994) ;

5. N. Nishiguchi, Phys. Rev. B 52, 5279 (1995) ;

6. Gold, A. Ghazali, Phys. Rev. B41, 7626 (1990).



