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Abstract: In this paper, we have used the method of quantum Kkinetic equation to calculate
the analytic expression for Ettingshausen coefficient (EC) under the influence of confined
phonon. We considered a quantum wire in the presence of constant electric field, magnetic
field and electromagnetic wave (EMW) with assumption that electron — confined optical
phonon (OP) scattering is essential. The EC obtained depends on many quantities in a
complicated way such as temperature, magnetic field, frequency or amplitude of EMW and
my, m,- quantum number which specify confined OP. Numerical results for GaAs/GaAsAl
guantum wire (CQW) have displayed clearly the differences in comparison with both cases
of bulk semiconductor and unconfined phonon. The result of examining the EC’S
dependence on magnetic field shows that quantum number m;, m,changes resonance
condition;m,, m,not only makes the increase in the number of resonance peak but also
changes the position of peaks. When mq,m,is set to zero, we get the results that
corresponds to unconfined OP.

Keywords: Confined optical phonon, Cylindrical Quantum Wire, Ettingshausen Effect,
qguantum kinetic equation.

Received 23.12.2020; accepted for publication 25.1.2021

Email: nvnhan@daihocthudo.edu.vn


mailto:nvnhan@daihocthudo.edu.vn

40 I TRUONG PAI HOC THU PO HA NOI

1. INTRODUCTION

Due to the confinement effect, the movement of electron and phonon is severely limited.
This leads to changes in characteristics of quantum effects appeared in low-dimensional
semiconductor systems (LDS), in particular one-dimensional systems [2].[3].[6].

The Ettingshausen effect has been studied in semiconductor [4] and quantum wire
[2],[6]. Properties of this magneto-thermoelectric effect are different from bulk
semiconductor [4] due to the confinement of the electrons. However, the confinement of
phonons, in particular OP, has not been interested yet, especially in a cylindrycal quantum
wire with an infinite potential.

In this work, we study the influence of confined OP on the EC in CQW The report is
structured as follows: in section 2, we report the impact of confined OP on the EC in CQW;
section 3 gives the numerial results and discussion for GaAs/GaAsAl QW; conclusions are
shown in section 4.

2. CONTENT

2.1. The influence of confined phonons on the Ettingshausen coefficient in a cylindrycal
guantum wire with an infinite potential

Consider a cylindrycal quantum wire with an infinite potential V = mR2Lsubjected is
placed in a perpendicular magnetic fieldB, a constant - electric field E’and an intense

electromagnetic wave E= E,sin 2t Under the influence of the material confinement
potential, the motion of carriers is restricted in X, y direction and free in the z one. So, the
wave function of an electron and its discrete energy now becomes:

1 . .
Yniz; = =" Pe P Y, (1), (1)

Ws
where
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with p, m, is the wave vector and the effective mass of an electron, R being the radius of the
CQW,n=1,23,...and [ = 0, +1, +£2 being the quantum numbers charactering the electron

confinement, 7 is the Planck constant, wy = %is the cyclotron frequency.
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When phonons are confined in CQW, the wave vector and frequency of them are given
by [11,12]:

xmlrmz 2

(_]) = (le,mz (_])z); qml"mz = T; (‘)ml,mz,q_z’ = Wy — ﬁz(qgnl,mz + E)) ( 3)

Where Sis the velocity parameter, my, mo = 1,2,3... being the quantum numbers
charactering phonon confinement , Also, matrix element for confined electron — confined
optical phonon interaction in the CQW now becomes:
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where
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here, yandy, are the static and high frequency dielectric constants,x electric constant.

After using the Hamiltonian of the confined electron-confined optical phonons system in a
CQW in the second quantization presentation in E;,B, E, we obtain the quantum Kinetic
equation for distribution function of electron, then we calculate the curent density and
thermal flux density formula, we obtain the kinetic tensor a;y, Bik, Vi, Cix- Ve can have the
expression of the EC:
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here: t(ep)is the momentum relaxation time, &;,is the Kronecker delta, g;; being the

antisymmetric Levi- Civita tensor; the Latin symbol i,j,k stand for componments x,y,z of the

Cartesian coordinates.
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here: K, ¥«, X0, € L and kg are the electric constant, the static dielectric constant, the high
frequency dielectric constant, the Fermi level, normalization length and the Boltzmann
constant, respectively. From these above expressions, we see that the EC expression in the
CQW is more complicated than that in the bulk semiconductor. We also found that the
difference in the energy spectrum, the wave function and the presence of electromagnetic
waves which lead to this complexity. Moreover ,we see the EC dependent on the frequency
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£ and amplitude Eof the laser radiation, temperature T of system and specially the quantum
number m,, m, charactering the phonon confined effect. In the next step, we study quantum
wire of GaAs/GaAs:Al to see clearly the dependence mentioned above.

2.2. Numerical results and discussions.

In order to clarify the results that has been obtained, in this section, we numerically
calculate the conductive tensors and Ettingshausen coefficient in a Cylindrical Quantum
Wire subjected to the uniform crossed magnetic field and electric field in the presence of a
strong EMW. For the numerical evaluation, we consider the Cylindrical Quantum Wire of
GaAs/Al:GaAs with the parameters [6, 7]: € = e = 50meV, Eq= 13.5eV, p = 5.32g.cm ™3, vs =
5378m.s %, ¥ = 10.9, y0 = 12.9, h ®o = 36.25meV, m* = 0.067m, (Mo is the mass of free
electron), T = 10"%%, L = 10 °m.

The'dependence of Ettingshausen coefficiency on Magnetic B
8 T T

The EC, (arb.units)
Q
—

0.1 0.15 0.2 0.25
Magnetic, B (T)

Fig. 1. The dependence of EC on magnetic field with T=200K ,E, = 10°(V.m™1)

Figure 1 shows the dependence of the EC on the magnetic field with the presence of
electronmagnetic waves and quantum numbers charactering optical phonon confinement
m; = m, = 1, We see that the EC oscillates as the magnetic field increases when OP is
confined. Due to the OP confinement, the number of resonance peaks enhance.

Figure 2 shows the dependence of the conductivity tensor o,, on the Laser frequency
at different values of number m,n (characterizing the phonon confinement) . The value of
Conductivity tensor a,, is the same in domain high laser frequency 2 (2 = 9 x 1013 Hz)
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with two case: confined and unconfined phonon, and it is very different in the 4.103Hz to
6.1013Hz laser frequency domain, when the laser frequency has been valid small, which
makes the oscillation of conductivity increase 2.3 times in comparsion with the case of the
unconfined phonon. When the quantum number m,n goes to zero , the result it the same as
in the case of unconfined phonon.

0.8

—==unconfined phonon
confined phonon m=1 — 3, n=1 ||

et A
2 O

(arb.units)

P
=
(=T

-0.2
-04}

Conductivity tensor &

-0.6}

08, 5 6 7 8 g

Laser frequency & (Hz) e

Figure 2. The dependence of the conductivity tensor o, on the Laser frequency

3. CONCLUSION

By using quantum kinetic equation method, we have found out the analytic expressions
for the conductivity tensors and the EC in CQW of GaAs/GaAsAl under the influence of
confined OP. Due to significant contribution of the confined OP, theoretical results are
different from the previous researches for Ettingshausen effect in CQW [2]. The more
confinement effect of OP, the more resonance peaks of the EC appear. In other hand, We
see that the EC oscillates as the magnetic field increases when OP is confined. Due to the
OP confinement, the number of resonance peaks enhance. When we set quantum number m
and n specific the OP confinement to zero, the results we get are fit to the case of unconfined
OP. So far, the results obtained contribute to the theory of quantum effect in low -

dimensional systems.
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TINH HE SO ETTINGSHAUSEN TRONG DAY LUQNG TU DUOI
ANH HUONG CUA PHONON GIAM CAM (CO CHE TAN XA PIEN
TU-PHONON QUANG GIAM CAM)

Tom tit: Ap dung phiong phép phwong trinh déng hoc lwong tir @é tinh biéu thire gidi tich
hé s6 Ettingshausen (EC) dwdi anh hweong ciia phonon giam cam. Bdi todn dwoc nghién
citu trong day heong tir véi sw ¢é mdt cia dién trieong, tir truong va séng dién tir khong doi
(EMW) véi gia thiét tan xa dién tie- phonon quang (OP) dwge coi la tréi. EC thu dwoc phu
thuoc phire tap vao nhiéu tham sé ddc trung nhw nhiét do, tir truong, tan sé hodc bién do
ciia EMW va s6 lwong tir my, m, ddc trung cho sy giam cam ciia OP. Két qua tinh s6 cho
day lirong tir GaAs/GaAsAl (COW) cho thdy su khdc biét so vdi ca hai trieong hop ban dan
khoi va déy heong tir véi phonon khéng bi giam cam. Két qua khao sat sw phu thudc ciia
EC vao tir truong da chi ra sé lwong tir my, mythay doi diéu kién cong huong, khéng chi lam
ting s6 leong dinh cong huong ma con thay doi vi tri cia né. Khi my, m, tién ti 0, két qua
twong teng véi cdc két qua trong triong hop OP khéng giam cam.

Tir khéa: Phonon quang giam cam, ddy lieong tir hinh tru, hiéu vmg Ettingshausen, phirong
trinh dong hoc luong ti.



