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Abstract: The parametric interactions of acoustic and optical phonons in 
cylindrical quantum wires in the presence of an external electromagnetic field is 
theoretically studied using a set of quantum kinetic 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/GaAsAI quantum wire. The results have been compared 
with bulk semiconductor and quantum wells.

1. Introduction

It is 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 sam e kinds of excitations such as phonon-phonon, plasmon-plasmon, 
or of different kinds of excitations, such as plasmon-phonon will arise [1]; i.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  cylindrica l quantum w ires in the presence o f an external electromagnetic field. We 

estimate the numerical values for a GaAs/GaAsAl quantum wire.

2. Q uantum  k in etic  eq u ation  for p hon ons

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

V(r ) = 0 inside the wire and V(r ) =00 elsewhere [6], Using bulk phonon assumption, 
from the Frohlich Hamiltonian H(t) for electron - acoustic phonon - optical phonon 
interacting system in external electromagnetic field (E0 cos(Qt))for the cylindrical quantum 

wire, we obtain quantum kinetic equations for phonons: X .

(1)

where the symbol (x) means the usual thermodynamic average of operator X.
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3. A coustic p honon  d isp ersion  and con d ition  for param etric am p lifica tion

We limit our calculation to the case of the first order resonance, I0t| ± ro,j = n  , and assume 

that the electron-phonon interactions satisfy the condition | c n ! n ' r ( 0 |  |D„ 11, ' 1 • (q ) I «  1

and Dnin j(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 (q) = «„ + i ia and 
Mm.(q) = C0B + ÍT0, we obtain the resonant acoustic phonon modes (using Fourier 

transformation and from the general dispersion equation for the parametric interactions 
and transformation of the acoustic and optical phonons):

•>*“ ' » * »  + | í ,v » ± * .W q ) - i ( i .  ■n„)±i/[(v„±v1)A(i1)-i<T„ j , (2)

where v„ and <i)a (v 0and u»„) are the group velocity and the renormalization (by the 

electron-phonon interaction) frequency of the acoustic (optical) phonon, respectively. 
A(q) = q -q n , q0 being the wave number for which the resonance is maxima], and:

A = 2 X K u v í t ì ị  K u v 6 ) ị  (3)
n,l,n ,r

Signs (± )  depend on the resonance condition (I),ị ±ra,j = Q . In such case thai Â «  1. we 

obtain the threshold amplitude :
2m * Q  I-----

E ,t> = J T„T„ ; (4)
eq ỊM
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Hv(n) . exiif-p* A jj- f.ỊỊ-y,.|x)\c|l,1‘*vtil -1) (6)
I 2m R 2 4 V  J

4. N um erical resu lts and d iscussion s

A GaAs/GaAsAl quantum wire: ị  = 13.5eV . p = 5.32 gc.m':i, u„ = 5370 ms'1, k, =10.9, 
k„ = 12.9. R = 5 nm, m‘ = 0.067 m„. m„ is the mass of free electron.

f Ỵ ,  1 c„  , (q)| |D „ ( <q)(h,(<t
U u ’.r J
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F ig .l. Threshold amplitude(kVcm 1 ) As a Fig.2. Threshold amplitude(kVcm ) Asa

function of q(m 1 ) Q  =200THz;T=30K ;R=5nm function of T(K);R=8nm; q=4.108m~1 ;D =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 ũ)jị ±üJq = f i . We also demonstrate the threshold amplitude as a function of

temperature using the above set of data in figure 2.

5. C onclusions

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.
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