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Abstract: The Nernst effect has been theoretically studied in compositional superlattice in the 

presence of a strong electromagnetic wave. Using the quantum kinetic equation for electrons with 

two cases electrons-acoustic phonons scattering and electrons-optical phonons scattering, we 

obtained the analytic expression of the Nernst coefficient and kinetic tensors as a function of the 

magnetic field, temperature, frequency, and amplitude of the electromagnetic wave and parameters 

of the compositional superlattice. The dependence of the Nernst coefficient on the magnetic field 

and temperature is achieved by numerical calculations for AlGa/AlGaAs material. The result 

indicates that in the case of electron-acoustic phonon scattering, the Shubnikov-de Hass oscillation 

appears. Whereas, in the case of electrons-optical phonons scattering, the peak of magneto-photon-

phonon resonance appears. In both cases, when temperature increases, the Nernst coefficient 

decreases rapidly, and for electrons-optical phonons scattering, the resonance peak has a movement. 

Keyword: Nernst effect, compositional superlattice, quantum kinetic equation, electron-phonon 

scattering, Shubnikov-de Hass oscillaton. 

1. Introduction* 

Nowadays, many modern electronic devices are made of semiconductors, so examining 

semiconductors is a fundamental problem. When examining the semiconductor, the researcher realized 

that the low dimensional semiconductor material has many special properties which is very different 
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* Corresponding author. 

   E-mail address: caothiviba@hus.edu.vn  

 https//doi.org/10.25073/2588-1124/vnumap.4864 

mailto:caothiviba@hus.edu.vn


C. T. V. Ba et al. / VNU Journal of Science: Mathematics – Physics, Vol. 40, No. 1 (2024) 41-50 42 

from bulk semiconductor material [1-26]. One special phenomenon is the Nernst effect. The Nernst 

effect was examined first by Albert Von Ettingshausen and his PhD student Walther Nernst when 

investigating Hall effect [1, 2]. The Nernst effect is a thermoelectric phenomenon observed when a 

sample allowing electrical conduction is subjected to a magnetic field and a temperature gradient normal 

(perpendicular) to each other; an electric field will be induced normal to both [1, 2]. In low-dimensional 

material, the difference of electron wave function and energy spectrum compared to bulk 

semiconductors cause the different properties [3-24]. There are some researches about Nernst effect in 

some low-dimensional material, f.i. the Nernst effect in cylindrical quantum wire [14]. Another low-

dimensional material is compositional superlattice, which is not only interesting for basic research 

because of its unique structure but also provides an important application for future technology [25]. 

The superlattice is a multi-well structure. We can create multiple-quantum-well structures by changing 

the semiconductor layers order in the crystal formation process. The compositional superlattice is the 

material made of two different semiconductor materials with difference energy ban gap differences. The 

Nernst effect in compositional superlattice is not examined fully so we performed this research. 

2. Calculation of the Quantum Nernst Coefficient and the Kinetic Tensor in A Two-dimensional 

Compositional Superlattice under the Influence of an EMW 

2.1. Wave Function and Energy Spectrum of the Electron in A Two-dimensional Compositional Superlattice  

We are examining a two-dimensional compositional superlattice subjected to a magnetic field.  

𝐵⃗ = (0,0, 𝐵) and a static electric field 𝐸1⃗⃗⃗⃗ = (𝐸1, 0,0). So, the wave function and the energy spectrum 

of the electron are, respectively, given by [26]: 

|𝜉⟩ = |𝑁, 𝑛, 𝑘𝑦⃗⃗ ⃗⃗ , 𝑘𝑧⃗⃗⃗⃗ ⟩ =
1

√𝐿𝑦
exp⁡(𝑖𝑘𝑦𝑦)𝜙𝑁(𝑥 = 𝑥0)⨂|𝑛, 𝑘𝑧⃗⃗⃗⃗ ⟩⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡̣ ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(1) 

𝜀𝜁(𝑘𝑦⃗⃗ ⃗⃗ ) = 𝜀𝑁,𝑛,𝑘𝑧(𝑘𝑦
⃗⃗ ⃗⃗ ) = (𝑁 +

1

2
)ℏ𝜔𝐻 + 𝜀𝑛,𝑘𝑧⃗⃗ ⃗⃗  − ℏ𝑣𝑑𝑘𝑦 +

1

2
𝑚𝑒𝑣𝑑

2⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(2) 

Where N is the Landau level index, n denotes level quantization and N, n=0,1,2,3,…, and 𝑘𝑦(𝑘𝑧) 

and 𝐿𝑦 are the wave vector and normalization length in the y(z) direction. 𝜙𝑁(𝑥) represents harmonic 

oscillator wave function centered 𝑥0 = −
ℏ

𝑚𝑒𝜔𝐻
(𝑘𝑦 −

𝑚𝑒𝑣𝑑

ℏ
), where 𝜔𝐻 is the cyclotron frequency, 

𝑣 𝑑
=
𝐸1

𝐵
, 𝑚𝑒 is the electron’s effective mass, 𝜀𝑛,𝑘𝑧=𝜀𝑛−𝑡𝑛cos⁡(𝑘𝑧𝑓), 𝑓 = 𝑓𝐼 + 𝑓𝐼𝐼 is the superlattice period, 

𝜀𝑛 =
ℏ2𝜋2(𝑛+1)2

2𝑚𝑒𝑓𝐼
2 , and 𝑡𝑛 is the half=width of the nth mini-band given by:  

𝑡𝑛 = −4(−1)
𝑛

𝑓𝐼
𝑓𝐼 + 𝑓𝐼𝐼

𝜀𝑛

exp⁡(−2√
2𝑚𝑒(𝑓 − 𝑓𝐼)

2𝑊
ℏ2

√2𝑚𝑒(𝑓 − 𝑓𝐼)
2𝑊

ℏ2

⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(3) 

2.2. Quantum Kinetic Equation for Electron 

Electron-phonon Hamiltonian under the influence of an intense EMW with the electric field vector 

𝐸⃗ = (0, 𝐸0𝑠𝑖𝑛Ω𝑡, 0) in a two-dimensional compositional superlattice is [26] 
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𝐻 = ∑ ε𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗,𝑘𝑧⃗⃗ ⃗⃗  (𝑘𝑦
⃗⃗ ⃗⃗ −

𝑒

ℏ𝑐
𝐷⃗⃗ 

𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗,𝑘𝑧⃗⃗ ⃗⃗  

(𝑡))𝑎
𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗,𝑘𝑧⃗⃗ ⃗⃗  
+ 𝑎𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗,𝑘𝑧⃗⃗ ⃗⃗  +∑ℏ𝜔𝑞⃗⃗⃗⃗  ⃗

𝑞⃗ 

𝑏𝑞⃗ 
+𝑏𝑞⃗ 

+ ∑ 𝐾𝑁,𝑛,𝑁′,𝑛′(𝑞 

𝑁,𝑁′,𝑛,𝑛′,𝑘𝑦⃗⃗⃗⃗  ⃗,𝑘𝑧⃗⃗ ⃗⃗  ,𝑞⃗ 

)𝑎
𝑁′,𝑛′,𝑘𝑦⃗⃗⃗⃗  ⃗+𝑞𝑦⃗⃗⃗⃗  ⃗,𝑘𝑦⃗⃗⃗⃗  ⃗+𝑞𝑧⃗⃗ ⃗⃗  
+ 𝑎𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗,𝑘𝑧⃗⃗ ⃗⃗  (𝑏−𝑞⃗ 

+ + 𝑏𝑞⃗ )⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(4) 

where ℏ𝜔𝑞⃗  is the energy of a phonon with the ware vector 𝑞 = (𝑞⊥⃗⃗ ⃗⃗ , 𝑞𝑧); 𝐷⃗⃗ (𝑡) is the vector potential of 

the laser field given by −
1

𝑐

𝜕𝐷⃗⃗ (𝑡)

𝜕𝑡
= 𝐹 sin(Ω𝑡), with 𝐹 = 𝑒𝐸1⃗⃗⃗⃗ −

𝜀−𝜀𝐹

𝑇
Δ𝑇, 𝑎

𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗,𝑘𝑧⃗⃗ ⃗⃗  
+  and 𝑎𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗,𝑘𝑧⃗⃗ ⃗⃗   (𝑏−𝑞⃗ 

+  

and 𝑏𝑞⃗ ) being the creation and the annihilation operators of a electron (a phonon), respectively;  

|𝐾𝑁,𝑛,𝑁′,𝑛′| = |𝑉𝑞⃗ ||𝐼𝑛,𝑛′(𝑘𝑧, 𝑘𝑧
′)|

2
|𝐽𝑁,𝑁′(𝑏)|

2
⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(5) 

With 𝑉𝑞⃗  being the electron-phonon interaction constant and  

𝐼𝑛,𝑛′(𝑘𝑧, 𝑘𝑧
′ , 𝑞𝑧)

= 2−1 sin {
[𝑞𝑧 ± (𝑘𝑛′ ± 𝑘𝑛)]𝑓𝐼

2
} {
[𝑞𝑧 ± (𝑘𝑛′ ± 𝑘𝑛)]𝑓𝐼

2
}

−1

exp {
[𝑞𝑧 ± (𝑘𝑛′ ± 𝑘𝑛)]𝑓𝐼

2
}⁡⁡⁡⁡⁡⁡ ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(6) 

Here 𝑘𝑛 = (
2𝑚𝑒𝜀𝑛,𝑘𝑧

ℏ2
)

1

2
, |𝐽𝑁,𝑁′(𝑏)| =

𝑁𝑚𝑖𝑛!

𝑁𝑚𝑎𝑥!
𝑒−𝑢𝑏𝑁𝑚𝑎𝑥−𝑁𝑚𝑖𝑛 [𝐿𝑁𝑚𝑖𝑛

𝑁𝑚𝑎𝑥−𝑁𝑚𝑖𝑛(𝑏)]
2

, with 𝑁𝑚𝑖𝑛 = min(𝑁,𝑁
′), 

𝑁𝑚𝑎𝑥 = max(𝑁,𝑁
′), 𝐿𝑀

𝑁 (𝑥) being the associated Laguerre polynomials, 𝑏 =
ℏ

𝑚𝑒𝜔𝐻

𝑞𝑥
2+𝑞𝑦

2

2
 

The quantum kinetic equation for the average number of electrons  𝑓𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗ =
〈𝑎
𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗
+ 𝑎𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗

〉 is: 

 
𝜕𝑓
𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗⃗⃗ 

𝜕𝑡
+ (

𝑒𝐸1⃗⃗ ⃗⃗  

ℏ
+
𝜔𝐻

ℏ
[𝑘𝑥⃗⃗⃗⃗ , ℎ⃗ ])

𝜕𝑓
𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗⃗⃗ 

𝜕𝑘𝑦⃗⃗ ⃗⃗  ⃗
=
2𝜋

ℏ
∑ |𝐾𝑁,𝑁′,𝑛,𝑛′(𝑞 𝑁′,𝑛′,𝑞⃗ ) |∑ 𝐽𝑠

2 (
𝜆

Ω
) ×⁡(2𝑁𝑞⃗ +

+∞
𝑠=−∞

1){(𝑓𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗+𝑞𝑦⃗⃗⃗⃗  ⃗(𝑁𝑞⃗ + 1) − 𝑓𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗𝑁𝑞⃗ ) 𝛿 (𝜀𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗+𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗ − ℏ𝜔𝑞⃗ − 𝑙ℏΩ) + (𝑓𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗−𝑞𝑦⃗⃗⃗⃗  ⃗𝑁𝑞⃗ −

𝑓𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗(𝑁𝑞⃗ + 1)) 𝛿 (𝜀𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗−𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗ + ℏ𝜔𝑞⃗ 𝑙ℏΩ)⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(7)    

2.3. Quantum Nernst Coefficient and Kinetic Tensor  

In both sides of Eq. (1), multiplying 
𝑒

𝑚𝑒
𝑘𝑦⃗⃗ ⃗⃗ 𝛿(𝜀 − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗) then summing according to to 𝑁, 𝑛, 𝑘𝑦⃗⃗ ⃗⃗  we 

obtained the equation for the specific current density 𝑀⃗⃗ (𝜀) 

𝑀⃗⃗ (𝜀)

𝜏(𝜀)
+ 𝜔𝐻[ℎ⃗ , 𝑀⃗⃗ (𝜀)] = 𝑌⃗ (𝜀) + 𝐼 (𝜀)⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(8) 

where 𝑌⃗ (𝜀) = −
𝑒

𝑚𝑒
∑ 𝑘𝑦⃗⃗ ⃗⃗ (𝐹 𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗

,
𝜕𝑛

𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗⃗⃗ ,𝑘𝑧⃗⃗⃗⃗  ⃗

ℏ𝜕𝑘𝑦⃗⃗⃗⃗  ⃗
)𝛿(𝜀 − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗⃗⃗  ⃗,𝑘𝑧⃗⃗ ⃗⃗  ) 

𝐼 (𝜀) =
2𝜋𝑒

𝑚𝑒ℏ
∑ |𝐾𝑁,𝑁′,𝑛,𝑛′|

2
𝑁𝑞⃗ 𝑘𝑦⃗⃗⃗⃗ {(𝑓𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗+𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝑓𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗)𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗

× [(1 −
𝜆2

𝑒Ω2
) 𝛿 (𝜀𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗+𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗ −

ℏ𝜔𝑞⃗ ) +
𝜆2

4Ω4
𝛿 (𝜀𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗+𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗ − ℏ𝜔𝑞⃗ + ℏΩ) +

𝜆2

4Ω4
𝛿 (𝜀𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗+𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗ − ℏ𝜔𝑞⃗ − ℏΩ)] +

(𝑓𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗−𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝑓𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗) [(1 −
𝜆2

𝑒Ω2
) 𝛿 (𝜀𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗−𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗ − ℏ𝜔𝑞⃗ ) +

𝜆2

4Ω4
𝛿 (𝜀𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗−𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗ −

ℏ𝜔𝑞⃗ + ℏΩ) +
𝜆2

4Ω4
𝛿 (𝜀𝑁′,𝑛′,𝑘𝑦⃗⃗ ⃗⃗  ⃗+𝑞𝑦⃗⃗⃗⃗  ⃗ − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗ − ℏ𝜔𝑞⃗ − ℏΩ)]}𝛿(𝜀 − 𝜀𝑁,𝑛,𝑘𝑦⃗⃗ ⃗⃗  ⃗)⁡  
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2.3.1. Electron-acoustic Phonon Interaction  

From the specific current density expression, we obtain the total current density expression 𝐽  and 

the thermal flux density 𝑞𝑒⃗⃗⃗⃗ , respectively 

𝐽 = ∫ 𝑀⃗⃗ 
∞

0

(𝜀)𝑑𝜀 = 𝜎𝑖𝑚𝐸𝑚⃗⃗ ⃗⃗  ⃗ + 𝛽𝑖𝑚∇𝑚𝑇⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(8) 

The quantum Nernst coefficient is given by: 

𝑁𝐶 = −
1

𝐵

𝜎𝑥𝑥𝛽𝑥𝑦 − 𝛼𝑥𝑦𝛽𝑥𝑥

𝜎𝑥𝑥
2 + 𝜎𝑥𝑦

2 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(9) 

where  

𝜎𝑖𝑚 = 𝛼
𝜏(𝜖𝐹)𝑆

1 + 𝜔𝐻
2𝜏(𝜖𝐹)

+
[𝐴 + 𝑁]𝑒𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ )

𝑚𝑒(1 + 𝜔𝐻
2𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ ))

2 𝑇1𝑖𝑗𝛿𝑗𝑙𝑇1𝑙𝑚

+ 𝐿
𝑒𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)

𝑚𝑒(1 + 𝜔𝐻
2𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ))

2 𝑇2𝑖𝑗𝛿𝑗𝑙𝑇2𝑙𝑚0

+ 𝑄
𝑒𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)

𝑚𝑒(1 + 𝜔𝐻
2𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ))

2 𝑇3𝑖𝑗𝛿𝑗𝑙𝑇3𝑙𝑚 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(10) 

𝛽𝑖𝑚 = −(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ − 𝜀𝐹)
[𝐴 + 𝑁]𝑒𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ )

𝑚𝑒𝑇(1 + 𝜔𝐻
2𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ ))

2 𝑇1𝑖𝑗𝛿𝑗𝑙𝑇1𝑙𝑚 

−𝐿(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ − 𝜀𝐹)
𝑒𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)

𝑚𝑒𝑇(1 + 𝜔𝐻
2𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ))

2 𝑇2𝑖𝑗𝛿𝑗𝑙𝑇2𝑙𝑚 

−𝑄(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ − 𝜀𝐹)
𝑒𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)

𝑚𝑒𝑇(1 + 𝜔𝐻
2𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ))

2 𝑇3𝑖𝑗𝛿𝑗𝑙𝑇3𝑙𝑚 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(11) 

here 𝜏 is the electron relaxation time, 𝛿𝑗𝑙 is the Kronecker delta, 𝜀𝑖𝑗𝑘 ⁡is the antisymmetric Levi – Civita 

tensor; the Latin symbols i, j, k, m, p, l stands for the x, y, z components of Cartesian coordinates, 𝜀𝐹 is 

the Fermi level, 𝑘𝑏 is the Boltzmann constant 

𝑎 =
𝑒𝐿𝑦

𝑒𝜋𝑚𝑒ℏ
2𝑣
((𝑁 +

1

2
)ℏ𝜔𝐻 + (𝑛 +

1

2
)ℏ𝜔𝑝 +

1

2
𝑚𝑒𝑣

2) 

𝑋1 = (𝑁
′ − 𝑁)ℏ𝜔𝐻 − 𝜖𝑛′,𝜋

𝑓
− 𝜀𝑛,0 

𝑆 = [𝛿𝑖𝑗 −𝜔𝐻𝜏(𝜀𝐹)𝜀𝑖𝑗𝑘ℎ𝑘 + 𝜔𝐻
2 𝜏2(𝜀𝐹)ℎ𝑖ℎ𝑗] 

𝑇1𝑥𝑦 = [𝛿𝑥𝑦 − 𝜔𝐻𝜏(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ )𝜀𝑥𝑦𝑧ℎ𝑧 + 𝜔𝐻
2 𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ )ℎ𝑥ℎ𝑦] 

𝑇2𝑥𝑦 = [𝛿𝑥𝑦 − 𝜔𝐻𝜏(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)𝜀𝑥𝑦𝑧ℎ𝑧 + 𝜔𝐻
2 𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)ℎ𝑥ℎ𝑦] 

𝑇3𝑥𝑦 = [𝛿𝑥𝑦 − 𝜔𝐻𝜏(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)𝜀𝑥𝑦𝑧ℎ𝑧 + 𝜔𝐻
2 𝜏2(𝑋1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)ℎ𝑥ℎ𝑦] 

∆𝑥̅̅̅̅ = (√𝑁 +
1

2
+ √𝑁 + 1 +

1

2
)
𝑙𝐵
2

 

𝐴 = 𝛾 (
𝑒𝐵∆𝑥̅̅̅̅

ℏ
) {1 + 2∑(−1)𝑠𝑒

−
2𝜋𝑠Γ
ℏ𝜔𝐻cos⁡(2𝜋𝑠𝑓1̅

+∞

𝑠=1

)} 
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𝑓1̅ =

𝜀𝑛.0 − 𝜀𝑛′,𝜋
𝑓
+ 𝑒𝐸1∆𝑥̅̅̅̅

ℏ𝜔𝐻
 

𝑁 = −
𝛾𝜃

2
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
)

3

{1 + 2∑(−1)𝑠𝑒
−
2𝜋𝑠Γ
ℏ𝜔𝐻 cos⁡(2𝜋𝑙𝑓1̅

+∞

𝑠=1

)} 

𝐿 =
𝛾𝜃

4
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
)

3

{1 + 2∑(−1)𝑠𝑒
−
2𝜋𝑠Γ
ℏ𝜔𝐻cos⁡(2𝜋𝑠𝑓2̅

+∞

𝑠=1

)} 

𝑓2̅ =

𝜀𝑛.0 − 𝜀𝑛′,𝜋
𝑓
+ 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ

ℏ𝜔𝐻
 

𝑄 =
𝛾𝜃

4
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
)

3

{1 + 2∑(−1)𝑠𝑒
−
2𝜋𝑠Γ
ℏ𝜔𝐻cos⁡(2𝜋𝑠𝑓3̅

+∞

𝑠=1

)} 

𝑓3̅ =

𝜀𝑛.0 − 𝜀𝑛′,𝜋
𝑓
+ 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ

ℏ𝜔𝐻
 

𝛾 =
𝜁2𝐿𝑦𝐼𝑛,𝑛′

8𝜋3𝛽ℏ2𝜔𝐻𝑣𝑠⁡𝑙𝐵
2𝛼2

((𝑁 +
1

2
) ℏ𝜔𝐻 +

(

  
 
ℏ2𝜋2(𝑛+1)2

2𝑚𝑒𝑓𝐼
2 +

4(−1)𝑛
𝑓𝐼

𝑓−𝑓𝐼

ℏ2𝜋2(𝑛+1)2

2𝑚𝑒𝑑𝐼
2

exp(−√
2𝑚𝑒(𝑓−𝑓𝐼)

2
𝑊

ℏ2
)

√2𝑚𝑒(𝑓−𝑓𝐼)
2
𝑊

ℏ2

cos(𝑘𝑧𝑑)

)

  
 
+
1

2
𝑚𝑒𝑣

2 ) 

𝜃 =
𝑒2𝐸0

2

𝑚2Ω4
 ; Γ =

ℏ

𝜏
 

2.3.2. Electron – optical phonon interaction  

𝜎𝑖𝑚 = 𝛼
𝜏(𝜖𝐹)

1 + 𝜔𝐻
2𝜏(𝜖𝐹)

𝑄 + [𝑔1 + 𝑔2]
𝑒𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ )

𝑚𝑒(1 + 𝜔𝐻
2𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ ))

2 𝐴1𝑖𝑗𝛿𝑗𝑙𝐴1𝑙𝑚 

+𝑔3
𝑒𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)𝐴2𝑖𝑗𝛿𝑗𝑙𝐴2𝑙𝑚

𝑚𝑒(1 + 𝜔𝐻
2𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ))

2 + 𝑔4
𝑒𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)𝐴3𝑖𝑗𝛿𝑗𝑙𝐴3𝑙𝑚

𝑚𝑒(1 + 𝜔𝐻
2𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ))

2 

+[𝑔5 + 𝑔6]
𝑒𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ )𝐴4𝑖𝑗𝛿𝑗𝑙𝐴4𝑙𝑚

𝑚𝑒(1 + 𝜔𝐻
2𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ ))

2 + 𝑔7
𝑒𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)𝐴5𝑖𝑗𝛿𝑗𝑙𝐴5𝑙𝑚

𝑚𝑒(1 + 𝜔𝐻
2𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ))

2 

⁡⁡⁡⁡+𝑔8
𝑒𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)𝐴6𝑖𝑗𝛿𝑗𝑙𝐴6𝑙𝑚

𝑚𝑒(1 + 𝜔𝐻
2𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ))

2 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(12) 

𝛽𝑖𝑚 = −[𝑔1 + 𝑔2](𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ − 𝜀𝐹)
𝑒𝜏2(𝐶1−𝑒𝐸1∆𝑥̅̅̅̅ )

𝑚𝑒𝑇(1+𝜔𝐻
2 𝜏2(𝐶1−𝑒𝐸1∆𝑥̅̅̅̅ ))

2 𝐴1𝑖𝑗𝛿𝑗𝑙𝐴1𝑙𝑚  

−𝑔3(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ − 𝜀𝐹)
𝑒𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)𝐴2𝑖𝑗𝛿𝑗𝑙𝐴2𝑙𝑚

𝑚𝑒𝑇(1 + 𝜔𝐻
2𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ))

2 
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−𝑔4(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ − 𝜀𝐹)
𝑒𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)𝐴3𝑖𝑗𝛿𝑗𝑙𝐴3𝑙𝑚

𝑚𝑒𝑇(1 + 𝜔𝐻
2𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ))

2 

−[𝑔5 + 𝑔6](𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ − 𝜀𝐹)
𝑒𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ )𝐴4𝑖𝑗𝛿𝑗𝑙𝐴4𝑙𝑚

𝑚𝑒𝑇(1 + 𝜔𝐻
2𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ ))

2 

−𝑔7(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ − 𝜀𝐹)
𝑒𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)𝐴5𝑖𝑗𝛿𝑗𝑙𝐴5𝑙𝑚

𝑚𝑒𝑇(1 + 𝜔𝐻
2𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ))

2 

−⁡𝑔8(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ − 𝜀𝐹)
𝑒𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)𝐴6𝑖𝑗𝛿𝑗𝑙𝐴6𝑙𝑚

𝑚𝑒𝑇(1 + 𝜔𝐻
2𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ))

2 ⁡⁡⁡⁡⁡(13) 

𝑄 = [𝛿𝑖𝑗 −𝜔𝐻𝜏(𝜀𝐹)𝜀𝑖𝑗𝑘ℎ𝑘 + 𝜔𝐻
2 𝜏2(𝜀𝐹)ℎ𝑖ℎ𝑗] 

𝐴1𝑥𝑦 = [𝛿𝑥𝑦 − 𝜔𝐻𝜏(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ )𝜀𝑥𝑦𝑧ℎ𝑧 + 𝜔𝐻
2 𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ )ℎ𝑥ℎ𝑦] 

𝐴2𝑥𝑦 = [𝛿𝑥𝑦 −𝜔𝐻𝜏(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)𝜀𝑥𝑦𝑧ℎ𝑧 + 𝜔𝐻
2 𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)ℎ𝑥ℎ𝑦] 

𝐴3𝑥𝑦 = [𝛿𝑥𝑦 −𝜔𝐻𝜏(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)𝜀𝑥𝑦𝑧ℎ𝑧 + 𝜔𝐻
2 𝜏2(𝐶1 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)ℎ𝑥ℎ𝑦] 

𝐴4𝑥𝑦 = [𝛿𝑥𝑦 − 𝜔𝐻𝜏(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ )𝜀𝑥𝑦𝑧ℎ𝑧 + 𝜔𝐻
2 𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ )ℎ𝑥ℎ𝑦] 

𝐴5𝑥𝑦 = [𝛿𝑥𝑦 −𝜔𝐻𝜏(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)𝜀𝑥𝑦𝑧ℎ𝑧 +𝜔𝐻
2 𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ − ℏΩ)ℎ𝑥ℎ𝑦] 

𝐴6𝑥𝑦 = [𝛿𝑥𝑦 −𝜔𝐻𝜏(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)𝜀𝑥𝑦𝑧ℎ𝑧 +𝜔𝐻
2 𝜏2(𝐶2 − 𝑒𝐸1∆𝑥̅̅̅̅ + ℏΩ)ℎ𝑥ℎ𝑦] 

𝐶1 = (𝑁
′ −𝑁)ℏ𝜔𝐻 − 𝜖𝑛′,𝜋

𝑓
− 𝜀𝑛,0 − ℏ𝜔0 

𝐶2 = (𝑁
′ −𝑁)ℏ𝜔𝐻 − 𝜖𝑛′,𝜋

𝑓
− 𝜀𝑛,0 + ℏ𝜔0 

𝑔1 = (
𝑒𝐵∆𝑥̅̅̅̅

𝑀ℏ
) 𝑒𝛽(𝜀𝐹−𝜀𝑁,𝑛) [

(𝑁+𝑀)!

𝑁!
]
2

𝛿(𝑇1); 𝑀 = |𝑁 − 𝑁′| = 1,2,3, … 

𝑇1 = (𝑁
′ −𝑁)ℏ𝜔𝐻 − 𝜖𝑛′,𝜋

𝑓
− 𝜀𝑛,0 − ℏ𝜔0 − 𝑒𝐸1∆𝑥̅̅̅̅  

𝑔2 = −
𝜃

2
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
)

2

𝑒𝛽(𝜀𝐹−𝜀𝑁,𝑛) [
(𝑁 +𝑀)!

𝑁!
]

2

𝛿(𝑇1) 

⁡𝑔3 =
𝜃

4𝑀
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
)

3

𝑒𝛽(𝜀𝐹−𝜀𝑁,𝑛) [
(𝑁 +𝑀)!

𝑁!
]

2

𝛿(𝑇1 + ℏΩ) 

𝑔4 =
𝜃

4𝑀
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
)

3

𝑒𝛽(𝜀𝐹−𝜀𝑁,𝑛) [
(𝑁 + 𝑀)!

𝑁!
]

2

𝛿(𝑇1 − ℏΩ) 

𝑇2 = (𝑁
′ − 𝑁)ℏ𝜔𝐻 − 𝜖𝑛′,𝜋

𝑓
− 𝜀𝑛,0 − ℏ𝜔𝐻 + 𝑒𝐸1∆𝑥̅̅̅̅  

𝑔5 =
1

𝑀
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
) 𝑒𝛽(𝜀𝐹−𝜀𝑁,𝑛) [

(𝑁 + 𝑀)!

𝑁!
]

2

𝛿(𝑇2) 

𝑔6 = −
𝜃

2
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
)

2

𝑒𝛽(𝜀𝐹−𝜀𝑁,𝑛) [
(𝑁 +𝑀)!

𝑁!
]

2

𝛿(𝑇2) 

𝑔7 =
𝜃

4𝑀
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
)

3

𝑒𝛽(𝜀𝐹−𝜀𝑁,𝑛) [
(𝑁 + 𝑀)!

𝑁!
]

2

𝛿(𝑇2 + ℏΩ) 

𝑔8 =
𝜃

4𝑀
(
𝑒𝐵∆𝑥̅̅̅̅

ℏ
)

3

𝑒𝛽(𝜀𝐹−𝜀𝑁,𝑛) [
(𝑁 + 𝑀)!

𝑁!
]

2

𝛿(𝑇2 − ℏΩ) 
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3. Numerical Results and Discussion for the Two-dimensional Compositional Superlattice 

GaAs/AlGaAs 

In this section, we present the numerical calculations of the Nernst coefficient on temperature and 

magnetic field for the Compositional superlattice of GaAs/AlGaAs with a parameter used as  
𝑚 ∗= 0.067⁡𝑚0⁡(𝑚0⁡𝑖𝑠⁡𝑡ℎ𝑒⁡𝑟𝑒𝑠𝑡⁡𝑚𝑎𝑠𝑠⁡𝑜𝑓⁡𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛), 𝑛0 = 3.10

22⁡𝑚−3, 𝑋∞ = 10.9, 𝑋0 = 12.9, 
𝑣𝑠 = 6560⁡𝑚𝑠

−1⁡ 𝐿𝑥 = 𝐿𝑦 = 100⁡𝑛𝑚,⁡𝐸0 = 10
5⁡𝑉.𝑚−1, ⁡𝐸1 = 10

5⁡𝑉.𝑚−1, Ω = 1014⁡𝐻𝑧, 

∆𝐸𝑔 = 0.057⁡𝑒𝑉  

3.1. Electron-acoustic Phonon Interaction 

Figure 1 indicates the dependence of Nernst coefficient on the magnetic field with different 

temperatures. In general, the chart fluctuates strongly from 1T to 5T, and the amplitude of fluctuation 

decreases significantly. The amplitude of fluctuation falls slowly to 0 from 5T to 15T. We could also 

see that when the temperature increases, the Nernst coefficient decreases.  

 

Figure 1. Dependence of Nernst coefficient on the magnetic field for different values of temperature. 

According to Figure 2, the Nernst coefficient decreases sharply to 0 when the temperature increase. 

 

Figure 2. Dependence of Nernst coefficient on temperature. 
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3.2. Electron – optical Phonon Interaction 

Figure 3 indicates the dependence of the Nernst coefficient on the magnetic field with different 

temperature. Over-all, we can see that the Nernst coefficient reaches a peak of around 2.7T at 50K, and 

when we decrease temperature, we obtain a higher peak. 

 

Figure 3. The Dependence of Nernst coefficient on magnetic field for different values of temperature. 

Figure 4 shows that when temperature increases, the Nernst coefficient increases sharply and peaks 

at 180K. After that, the Nernst coefficient decreases and maintain the value from 1000K to higher. 

 

Figure 4. The dependence of the Nernst coefficient on temperature.  

4. Conclusion 

In summary, we studied the Nernst effect in two-dimensional compositional superlattice using the 

quantum kinetic equation. We obtain the kinetic tensor for two cases: electron-optical phonon interaction 

and electron-acoustic phonon interaction and the numerical result for both cases. We examined the 

dependence of Nernst coefficient on magnetic field and temperature. The result indicates that in first 

case (electron-acoustic phonon interaction), the Shubnikov-de Hass oscillation appears and the second 



C. T. V. Ba et al. / VNU Journal of Science: Mathematics – Physics, Vol. 40, No. 1 (2024) 41-50 49 

case (electron-optical phonon), the photon – phonon resonance peak appears. The result also indicates 

that the Nernst coefficient depends on elements such as the temperature and magnetic field. 
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