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The phenomenon of cyclotron resonance power absorption when electrons are scattered by acoustic-phonons in ZnO  

free standing nanostructure (FSNS) is presented. The calculation is based on quantum mechanical perturbation technique. 

The dependence of power absorption on frequency, magnetic field, temperature and thickness of the FSNS is presented. 

FWHM or line-width of the resonance power absorption peaks is calculated using profile method and the influence of 

magnetic field, temperature and thickness of the FSNS is investigated, that the line-width is proportional to magnetic field 

whereas it is independent of temperature and thickness of FSNS. This theoretical analysis gives insights about magneto-
optical properties of FSNS of ZnO which is essential for further experimental investigations.  
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1 Introduction 

In recent years, metal oxide semiconductors have 

attracted much interest due to their technologically 

important properties like optical transparency, high 

electron mobility, wide band gap etc, and their 

application in fabricating variety of devices
1-3

. Metal 

oxide thin films, with thickness less than carrier mean 

free path exhibit novel optical and electrical 

properties
4
, catalytic properties

5
, due to quantum 

confinement effects. Thin-film technology is one of 

the most recent and an active area of research has 

resulted in the development of new technologies to 

meet up the requirements of the growing 

semiconductor industry. 

Two-dimensional transparent metal oxide 

semiconductors, like ZnO thin films, are ideal systems 

for studying dimensionally confined transport 

phenomenon study. ZnO has high exciton binding 

energy of around 60meV and a wide direct band gap 

of about 3.37eV at room temperature
6
. The band gap 

of the material can be tuned by an external magnetic 

field. An external quantized magnetic field B 

perpendicular to the two-dimensional thin film leads 

to quantization of Landau-levels and broadening of 

Landau level is due to scattering of carriers. When the 

material is subjected to both electromagnetic wave 

and a uniform static magnetic field, cyclotron phonon 

resonance can be observed with the magneto-optical 

transition of carriers between Landau energy levels 

with the simultaneous emission or absorption of 

phonons and it gives the direct information about 

effective mass, nonparabolicity of conduction and 

valence bands and electron-phonon scattering 

processes
7-9

. At low temperature, electron-acoustic 

phonon interaction plays dominating role over 

electron-optical phonon scattering. In the presence of 

magnetic field, cyclotron-acoustic phonon resonance 

is the useful tool to understand the electron-acoustic 

phonon scattering phenomenon. This field has 

attracted the minds of broad scientific community 

from theorists
10

 to experimentalists
11

, because it will 

provide the information about crystals, novel 

characteristics and magneto-optical properties of 

quasi two dimensional electron gas for manufacturing 

electronic-optoelectronic devices. 

 Line-width or FWHM of cyclotron phonon 

resonance power absorption peaks is used as a tool to 

investigate the transport properties of the material as 

well as mechanism of electron scattering
11-13

. The 

cyclotron-resonance line-width is studied for electron-

polar optical phonon for different structural systems 

like quantum wells
14

, quantum wire
15

, quantum dot
16

 

and monolayer of the materials
17

, but a very few 

works on this field have been found for electron-
—————— 
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acoustic phonon interaction in usual semiconducting 

materials
18

. So we feel that study of this property in 

transparent two-dimensional structures is very 

essential. 

Phonon assisted cyclotron resonance is examined 

in GaAs quantum well structures and cyclotron-
acoustic phonon resonance is examined via the 
magneto-optical power absorption

19,20
. An electron-

phonon coupling in graphene for the transverse and 
longitudinal acoustic phonons has been calculated 
using first-principles approach

21
. A theoretical study 

of modification of the energy spectrum of long-
wavelength acoustic phonons due to the electron-
phonon interaction in a three-dimensional topological 
Weyl semimetal under the influence of quantizing 
magnetic fields at low temperatures is done by Song-
Bo Zhang and Jianhui Zhou

22
. Electron-phonon 

scattering is studied within an effective-mass theory 
in carbon nanotubes

23
. The energy relaxation rate due 

to phonon scattering of a quasi two-dimensional 
electron gas is calculated for a GaAs quantum well in 
the presence of a strong magnetic field

24
. 

In this article, we obtain the explicit expression for 
cyclotron-acoustic phonon resonance power 
absorption(CAPRPA) in the presence of magnetic 
field and applied to study cyclotron phonon resonance 
power absorption in FSNS of ZnO when electrons 
interact with the bulk acoustic phonon modes at low 
temperature. In section II, a quantum mechanical 
theory of optical absorption in FSNS subjected to  
an external magnetic field, applied perpendicular to 
the plane of FSNS is presented. Calculation of 
dependence of optical absorption power on frequency 
and dependence of line-width in terms of FWHM of 
absorption peaks on magnetic field, temperature and 
thickness of the material is presented in section-III 
and depicted the summary and conclusions of this 
work in last section-IV. 
 

2 Theory 

In this study, we consider a FSNS of ZnO applied 

with a perpendicular static magnetic field B


. The 

electrons in the system are free to move in x–y plane 

but spatially confined in the z-direction. Due to 

applied magnetic field and spatial confinement in the 

z-direction, electron energy is quantised completely 

into discrete energy levels as well as Landau levels in 

z- direction.  

The one-electron eigenfunctions
yNlk and energy 

eigenvalues
yNlkE are given by

25 
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where 
2

22

0
2 zLm

E





is the lowest electric subband 

energy with Lz being the thickness of the FSNS and N 

= 0,1,2,…. is the Landau level index, l = 1,2,3,…. 

electric subband index. Also 
cm

Be
c 
  is the 

cyclotron frequency with e and m
*
 being the charge 

and effective mass of the electron, respectively. N  
represents harmonic oscillator wave function and

2
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the radius of cyclotron orbit. 

Expression for absorption power is given by
26 
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where F0 is the intensity of the incident radiation, ε the 

dielectric constant and fi the electron distribution 

function. The sum is taken over all possible initial 

states 'i’ of the system. The transition probability, 

Wi
ab(em)

, due to electron-photon-phonon interaction is 

given by the second order Fermi’s golden rule 

approximation
27 
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with Ei and Ef being the initial and final state 

energies of the electron. ħΩ and ħωq represent 

energies of photon and acoustic phonon, respectively. 

Matrix element for electron-photon-phonon 

interaction is 
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where Hrad is the interaction Hamiltonians with the 

radiation field and Hel-ph is the interaction 

Hamiltonians with phonons. The summation is over 

all the intermediate states α of the present system. 
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Assuming electromagnetic field is linearly 

polarized transverse to the magnetic field, the matrix 

elements for interaction with the photons can be 

written as 
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where Nν the number of photons, Ω the photon 

frequency and D is the volume of FSNS.  

Electron-acoustic phonon matrix element can be 

written as
12,28

: 
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where ,V(q) refers to the strength of electron-acoustic 

phonon interaction and ),( zqqq 


. Nq the Bose 

distribution function and the overlap integral  zll qF 

is given by
28,29 
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and the Bessel function JNN’ is given by
28,29 
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where N
'
>N, and

NN

NL


being the associated 

Laguerre polynomials. 

V(q) in Eq.(8) represents the strength of electron-

phonon interaction. For acoustic phonons V(q)is given 

by 
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where, Ed denotes the deformation potential 

constant, u the sound velocity and 
 
refers to the 

mass density of the material. 

In order to calculate the absorption power, we may 

use the approximation for
qN as
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Assuming non-degenerate electron gas in the 

system, the electron distribution function in the 

presence of quantizing magnetic field can be written 

as 
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and ne refers to the electron concentration. 

Using Eq. (11) and performing integrals over  

zq and 
q , we obtain the expression in the extreme 

quantum limit i.e., when 1 ll  
 

   

   
































c

N N B

N

ccz

Bed
qc

NNNN
Tk

E

Lum

TkNneEF
P




 

'1

2222

222

0

)1(exp

11

128

3
),,(

 …        (14)

 

 

where, 01
2

1
ENE cN 








 

 

 

Following the collision broadening
29

, delta function 

in Eq. (14) is replaced by Lorentzian of width Γ to get 

the following expression  
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where,     cNNM '  and  is inverse 

relaxation time for electrons 
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Numerically we can deduce the significant  

physical conclusions by taking absorption spectra in 

section III. 

 

3 Results and Discussion  

The numerical results of absorption power obtained 

in the case of a FSNS of thickness Lz = 5 nm subjected 

to magnetic field B = 10T and temperature T = 20K 



INDIAN J PURE APPL PHYS, VOL. 60, FEBRUARY 2022 

 

 

160 

are presented. The material parameters
30-32 

used are  

m
* 

= 0.25m0, ε = 8.1, ne = 8.6×10
18

 cm
-3

, Ed = 3.8eV,  

u = 6.59×10
3
cm/s, ρ = 6.1g/cm

3
. Fig. 1 shows the 

variation of absorption power with the Ω/ωc for 

acoustic phonons. Absorption spectrum consisting 

peaks corresponds to the resonant transition  

of electron between the Landau levels within the  

first electric sub and )1(  ll . These transitions 

between the Landau levels are due to photon occur at 

cp
 
(p = 1,2,…), which represents pure cyclotron 

resonance. The photon energy is absorbed by the 

electron while simultaneously interacting with 

acoustic phonon. As a result electron undergoes 

transition from a lower Landau levels to higher 

Landau levels spread within first electric subband. 

The variation of intensity of a selected peak with 

magnetic field is shown in Fig. 2. The Intensity of the 

peak is decreases with the increasing photon 

frequency. 

Fig. 3 shows the shift in the position of peak with 

respect to magnetic field. The transition of electron 

between Landau levels involves the acoustic phonon 

scattering, however, involvement of the acoustic 

phonons is limited to the momentum conservation. 

Therefore, the absorption spectrum appears like a 

pure cyclotron resonance. 

The influence of the external magnetic field on the 

FWHM of CAPRPA peaks and intensity of the peaks 

is significant. The cyclotron radius decreases with 

increasing magnetic field, leading to increased magnetic 

confinement. At the same time the Landau level 

separation also increases leading to reduction in the 

probability of transition of electrons between the 

Landau levels if the energy of the Photon is different 

from the energy separation of the Landau levels.  

Fig. 4 shows the variation of FWHM with magnetic 

field. FWHM of CAPRPA peaks increases with 

increasing magnetic field is due to enhancement in the 

scattering of electrons. Broadening of the energy 

levels is studied by calculating line-width in terms of 

FWHM of the peaks by computation using profile 

method.  

Fig. 5 shows peaks corresponding to p = 2, 

calculated for different temperatures. The position of 

the peak is not changing with temperature. However, 

the line-width is slightly increasing with the 

temperature of the specimen. Though the width of the 

peaks seems to be increasing on increase in the 

temperature in the Fig. 5, it is not altering much and 

remaining almost constant for the temperature range 

 
 

Fig. 1 — Absorption power plotted as a function of Ω/ωc for 

FSNS of ZnO of thickness 5nm with an external magnetic field  

B = 10T and temperature T = 20K. 
 

 
 

Fig. 2 — Magnetic field dependence of CAPRPA peak values at 

Ω=3ωc, calculated for FSNS of ZnO of thickness 5 nm with the 

temperature T = 20K. 
 

 
 

Fig. 3 — Absorption power plotted as a function of Ω for FSNS of 

ZnO of thickness 5 nm for different magnetic fields at temperature  

T = 20K. 
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considered as shown in the Fig. 6. So the FWHM is 

independent of temperature which is qualitatively 

consistent with the results obtained for polar optical 

phonons in graphene
33,34

 

Fig. 7 presented to show that the position  

of the CAPRPA peaks is not affected by the thickness 

of the material because the resonance condition 

cp
 
does not depend on the thickness. Also, the 

FWHM of CAPRPA peaks is independent of the 

thickness of the material. As we can see in the  

Fig. 8, FWHM is not changing and nearly constant  

on increasing the thickness of the FSNS. So, FWHM 

is independent of both temperature and thickness  

of the material for electron-acoustic phonon 

scattering. 

 
 

Fig. 6 — FWHM of CAPRPA peaks plotted as a function of 

temperature at B = 10T and Lz = 5 nm. 
 

 
 

Fig. 7 — Absorption power plotted as a function of Ω/ωc for 

FSNS of ZnO, B = 10T and T = 20K for different thickness. 
 

 
 

Fig. 8 — FWHM as a function of thickness (Lz) of ZnO FSNS at 

B = 10T and T = 20K. 

 
 

Fig. 4 — FWHM of CAPRPA peaks plotted as a function of 

magnetic field at T = 20K and Lz = 5 nm. 

 

 
 

Fig. 5 — Absorption power plotted as a function of Ω/ωc for 

FSNS of ZnO of thickness 5nm and magnetic field B=10T for 

different temperatures. 
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4 Conclusion  

We have theoretically investigated the intrasubb 

and electron scattering by acoustic-phonons in free 

standing nanostructure of ZnO in the presence of a 

uniform quantizing magnetic field. The expression for 

absorption power is obtained and the numerical 

results are presented in graphical form. We find that 

at low temperatures, electron-acoustic phonon 

scattering plays an important role in the phenomena 

of cyclotron phonon resonance. FWHM of CAPRPA 

peaks increases with the rise of external magnetic 

field, but it is independent of the temperature and the 

thickness of the material. The position of CAPRPA 

peaks is not altered with the temperature and 

thickness of the material, where as peak positions are 

shifting considerably with the change in the magnetic 

field. These results would be helpful to conduct 

experimental investigation of optical and electronic 

properties of nano-electronic devices in the future.  
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Appendix 

Integral over qz is calculated  
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Also, the integral of Bessel function with respect to 
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