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ABSTRACT
The acoustoelectric (AE) current in a quantum well (QW) is investigated for an acoustic wave whose
wavelength 1 =2z/qis smaller than the mean free path ¢ of the electrons and the hypersound in the region
g¢>>1 (where q is the acoustic wave number). The nonlinear dependence of the AE current jac on the
frequency of acoustic wave @, , and the temperature T of the system is obtained by using the Boltzmann kinetic

equation. The analytical expression for the AE current jac is calculated in case the relaxation time of momentum t
is constant approximation. Numerical calculations are done, and the result is discussed for a typical
AlAs/GaAs/AlAs QW. The result indicates that the existense peaks in QW may be due to the transition between
mini-bands n — n'. The dependence of the AE current on the temperature T and the Fermi energy &g with a

maximum at T=50K, & =0.03eV for e, =3x10"'(s!). These findings agree with the experimental results. All the

results are compared with the normal bulk semiconductor and superlattice to highlight the difference.
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energy

TOM TAT
Dong am dién trong hé lwong t& dwoc khao sat cho séng am véi buéc séng A =2z/q nhd hon quéng
dwdng trung binh tw do? cta dien to va gia thiét ndm trong mién siéu am q¢>>1 ( & day q la sb song). Sy phu
thudc phi tuyén ctia dong am dién jac theo tan s6 song am @, , nhiét dd T cla hé da dat dwoc bang phwong phap

phuwong trinh déng Boltzmann. Biéu thirc giai tich cia dong am dién jac dat dwoc trong trweng hop thdi gian
phuc hdi xung lwong t x&p xi 1a hang sb. Tinh toan sé dwoc thuc hién va két qua dwoc dugc thao luan cho loai
hd lwong tir AlAs/GaAs/AlAs. Két qua chi ra rdng sw xuét hién cac dinh trong trwéng hop hé lwong ti 1a do sy
dich chuyén gitba cac mini vang n — n'. Sw phu thudc cta dong am dién theo nhiét d6 va nang lwgng Fermi &

VGi gia tri cyc dai tai T=50K, ¢ =0.03eV VA @, =3x10"(s™!). Két qua nay phii hop voi két qua thyc nghiém. Tét
ca két qua nay dwoc so sanh véi két qua trong ban dan khdi dé chi ra sy khac biét.
Tir khoa: séng am; hé lwong tir; dong am dién; phwong trinh dong Boltzmann; néng lwong Fermi

1. Introduction
When an acoustic wave is absorbed by a

place in the acoustoelectronic devices. The study
of the AE effect in bulk materials has received a

conductor, the transfer of the momentum from
the acoustic wave to the conduction electron
may give rise to a current usually called the AE
current. The study of this effect is crucial,
because of the complementary role it may play
in the understanding of the properties of the QW,
which we believe, should find an important
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lot of attention [1-5].

It is well known that in low dimensional
systems (QW, superlattices, quantum wires...),
the motion of electrons is restricted in one
dimension or two dimensions, so they can flow
freely in two dimensions or one dimension. The
confinement of electrons in low dimensional
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systems changes the electron  mobility
remarkably, which concerns a reduction of
sample dimensions, and we think the electron
confinement in the QW also has an influence on
the AE current. Recently, the AE current was
investigated theoretically in a one-dimensional
channel [6], in a finite-length ballistic quantum
channel [7-9], in superlattices [10-13]. In
addition, the AE current was investigated
experimentally in two dimensional systems
(superlattice, QW) [14,15], in a quantum wire
[16], and in a carbon nanotube [17]. However,
the calculation of the AE current in the QW is
still open for studying.

In this paper, we examine the calculated
AE current in the QW in case the electron
relaxation time is not dependent on the energy
and we will show that the presence of mini-bands
in the QW will result in a nonlinear dependence
of the j* on the acoustic wave number (. The

result shows that it exists even if the relaxation
time 7 of the carrier does not depend on the
carrier energy; this result is different compared to
those obtained in a bulk semiconductor and a
superlattice. Especially, this result is compared
with the experimental result [15]. This paper is
organized as follows. In Section 2, we outline the
theory and conditions necessary to solve the
problem, in Section 3 we discuss the results, and
in Section 4 we come to a conclusion.

2. Acoustoelectric Current

By using the Boltzmann kinetic equation
method in [10-13], we calculated the AE current
in the QW. The acoustic wave is considered a
hypersound in the region ¢ >>1. Under such
circumstances, the acoustic wave can be
interpreted as monochromatic phonons having
the 3D phonon distribution function N (k), and

can be presented the acoustic flux by a
S function distribution in K -space [10]

@)
0gVs
where @ is the flux density of sound with
frequency w,, v, is the speed of sound, and

h=1.

N(K) = ¢5 (k —d) (1)

S

It is assumed that the sound wave
propagates perpendicularly the Oz axis of the
QW (along the Oz direction the energy spectrum
of electron is quantizied or the motive direction
of electron is limited). After a new equilibrium
has been established in the presence of the
acoustic wave, the distribution function f of the

electrons will obey the condition
of 10t = (of 10t) 4o + (Jf /0t)y, =0 2)
(of /ot),. the rate of change caused by the

interaction of the acoustic phonon with the
electrons; (of /at),, the rate of change due to the
interaction of the electrons with thermal
phonons, the impurities, and with one another.
Eq.(2) can be written as

a
(a)tth

7 v NKN(K)

e 166,y - 1) 1006, =25 +0)

[ fleyp ) ey |<le,, - —a)k-)} -0
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where A is the deformation potential constant,

o is thde density of the QW, f(g, ; ) is the
=2 2_2

distribution function, z,; =L +27 s the
P2m 2mL?

energy spectrum of electron in the QW, m is the
effective mass of electron, L is the width of the
QW, n denotes quantization of the energy

spectrum and P, =(P,, i)y) is the transverse
component of the quasi-momentum. We
linearize Eq.(3) with respect to @, by replacing
f(enp,) With fe(e, 5 )+ f, where fo(e, ;)
is the equilibrium Fermi contribution function
absence of the acoustic wave and f, is
proportional to @ , we verify that we can neglect
in the collision integral (of /ot),, the arrival

@ Ity =filrs; T, s the

terms, i.e., 5

momentum relaxation time. Thus,
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The density of the AE current j* in the
direction of acoustic wave vector ( is expressed
by the formula [10]

.ac 2e agn,ﬁ ~

=—— | —=f,dp,. 5

(272_)2 ap-L 1 pJ_ ( )

Substituting Eq.(4) into Eq.(5) and 7 is

taken to be constant, we obtain for the AE current

2.2
.ac _ :ac T
= exp(————)(B, —B_), 6
i*=is Z X0( szszT)( ,-B) (6)
Where
. 27)3 2 ed A%t (mk . T)Y? &
ch:( ) 2(38) Xp( F)
(2”) OUg kBT
A7 A?
B, =(1+——)exp(— =),
2 = ( kaT) X 2kaT)
&- is the Fermi energy, kg is the
2
Boltzmann constant, and A, ; = —— (n? —n?),
' 2mL

A :%+mA"’”' ima)q |

-2 hq q

Eq.(6) is the analytical expression of the
AE current in the QW in case the momentum
relaxation time is constant approximation.

3. Numerical results and discussion

To clarify the results that have been
obtained, in this section, we examine the AE
current. This quantity is considered as a function
of the temperature T, the acoustic wave number
g, the acoustic intensity @, and the parameters
of the AlAs/GaAs/AlAs QW. The parameters
used in the calculations are as follows:
o =5300kgm®, L=90 (nm), r=10"*s, m=0.067
mo, Mo being the mass of free electron,
® =10"Wm=,v, =5370m/s,

e=1.60219x10™ C.
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Figure 1. The dependence of j2 current on the T
and Fermi energy for @, =3x10"(s™).

Figure 1 shows the dependence of the AE
current on the temperatures and the Fermi
energy. The dependence of the AE current on the
temperatures and the Fermi energy are not
monotonous with a maximum at T=50K, for

w, =3x10'(s"). This result agrees with the

experimental result [15]. However, in [15] they had
no explanation for this behaviour. We conclude
that the dominant mechanism for such a behaviour
is attributed to the electron confinement in the QW.

It can be seen from Figure 2 that AE
current has peaks at o,=2x10'(s") and

0, =1x10%%(s™") for T=300K, & =0.045eV , which

corresponds to the maxima value of the AE
current. This result is different from the AE
current in the bulk semiconductor. Because in
the bulk semiconductor, when the g rises up, the
AE current increases linearly. The cause of the
difference between the bulk semiconductor and
the QW, because the low-dimensional systems
characteristic means that in low-dimensional
systems the energy spectrum of electron is
guantized, and note that it exists even if the
relaxation time 7 of the carrier does not depend
on the carrier energy. In Figure 2, there are two
peaks. This can be attribute to transitions
between mini-bands (n — n') and there are two
peaks corresponding to (n=1-n'=2) and
(n=2—n'=3) transitions or intersubband
transitions as main contribution to j*.
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Figure 2. The dependence of j2 current
on the wave number for T=300K.

4. Conclusion

In this paper, we have obtained analytical
expressions for the j* in a non-degenerate
electron gas. We have shown the strong
nonlinear dependence of j* on the temperature

T, the wave number g and the width of the QW,
which are complex and different compared to
those obtained in the superlattice [10,13] and in
bulk semiconductors [18,19]. The above results
indicate that there exist some peaks which
disappear in bulk semiconductors [18,19].

The numerical results obtained for the
AlAs/GaAs/AlAs QW show that there exists a

peak at T=50K, for @, =3x10"(s™), which

fits a the experimental result [15]. Our result
indicates that the dominant mechanism for such
a behaviour is attributed to the electron
confinement in the QW and transition between
miniband n—n'. The j* exists even if the
relaxation time 7 of the carrier does not depend
on the carrier energy, and the result is similar to
those in the superlattice [11]. This is different
from the bulk semiconductor, because in bulk
semiconductor [18,19] the AE current vanished
for a constant relaxation time.
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