
Accepted Manuscript

Magnetostriction Studies in Nano-Crystalline Zinc Ferrite Thin Films by Strain
Modulated Ferromagnetic Resonance

B.N. Sahu, R. Prabhu, N. Venkataramani, Shiva Prasad, R. Krishnan, A.
Nabialek, O.M. Chumak, R. Zuberek

PII: S0304-8853(17)33676-4
DOI: https://doi.org/10.1016/j.jmmm.2018.04.012
Reference: MAGMA 63858

To appear in: Journal of Magnetism and Magnetic Materials

Received Date: 28 November 2017
Revised Date: 1 April 2018
Accepted Date: 6 April 2018

Please cite this article as: B.N. Sahu, R. Prabhu, N. Venkataramani, S. Prasad, R. Krishnan, A. Nabialek, O.M.
Chumak, R. Zuberek, Magnetostriction Studies in Nano-Crystalline Zinc Ferrite Thin Films by Strain Modulated
Ferromagnetic Resonance, Journal of Magnetism and Magnetic Materials (2018), doi: https://doi.org/10.1016/
j.jmmm.2018.04.012

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jmmm.2018.04.012
https://doi.org/10.1016/j.jmmm.2018.04.012
https://doi.org/10.1016/j.jmmm.2018.04.012


  

*Corresponding author. 

E-mail address: alexandr.chumak.1993@gmail.com (O. M. Chumak) 

Magnetostriction Studies in Nano-Crystalline Zinc Ferrite Thin Films by Strain 

Modulated Ferromagnetic Resonance   
 

B. N. Sahu,
a,b

 R. Prabhu,
a
 N. Venkataramani,

c 
Shiva Prasad,

a,f
, R. Krishnan

d
, A. Nabialek

e
, O.M. 

Chumak
e*

, and R. Zuberek
e
, 

 

 

a 
Dept. of Physics, IIT Bombay, Mumbai, Maharashtra, India 

b 
Highly Correlated Matter Research Group, Dept. of Physics, University of Johannesburg, Po Box 524, Auckland Park 2006, 

South Africa 
c 
Dept. of Metallurgical Engineering & Materials Science, IIT Bombay, Mumbai, Maharashtra, India 

d 
Retired scientists, CNRS/Universite de Versailles-St-Quentin, 78035, Versailles Cedex, France 

e 
 Institute of Physics, Polish Academy of Sciences 02-668 Warsaw, Poland 

f
 Presently at IITRAM, Maninagar (E), Ahmedabad 38002, India  

 

Article info 

 

Keywords: 

Magnetostriction 

Magnetization 

Zinc ferrite 

Nanocrystalline thin films 

 
 

Abstract 

 

The magnetoelastic properties of nano-crystalline zinc ferrite (ZnFe2O4) thin films 

prepared by Pulse laser deposition on amorphous fused quartz substrates have been 

investigated by means of the strain-modulated ferromagnetic resonance, as a function of 

the substrate temperature during the deposition, and as a function of the annealing 

temperature. Magnetoelastic constants reveal the same trends as the magnetization, 

showing correlation between these two parameters. The results are similar to that obtained 

earlier for the Y3Fe5O12 ferrite.   

1. Introduction 

 

Magnetostriction is an important property of magnetic 

materials and arises out of the interaction of the crystal field 

with the energy levels of the magnetic ions, which possess a 

spin orbit coupling. It has a similar origin as that of the 

magnetic anisotropy. This property is important both from 

the fundamental and application points of view. There is a 

plethora of studies of this property in ferrites and garnets. 

However, S state ions such as Fe
3+

 are also known to 

contribute to the magnetic anisotropy and to 

magnetostriction as is well established to day.   

It is well established that bulk zinc ferrite (ZnFe2O4) is 

paramagnetic at room temperature and becomes 

antiferromagnetic at low temperatures [1]. The main reason 

for this is that the superexchange interaction between the 

Fe
3+

 ions on the B sites is too weak and all the A sites are 

occupied by the nonmagnetic Zn
2+

 ions resulting in an 

absence of otherwise stronger A-B superexchange 

interaction. However, in the nano-crystalline films a sizeable 

quantity of Zn
2+

 ions enter B sites thereby yielding place to 

Fe
3+

 ions on the A site. Thus normal superexchange 

interactions appear and the substance becomes ferrimagnetic, 

with a relatively high Curie temperature.  It is also known 

that the magnetic properties of nano-crystalline Zn ferrite 

films are quite sensitive to the condition of preparation of the 

material [2-11]. 

 

Investigating the magnetic property such as 

magnetostriction in this material is of great academic interest 

because this is a novel material exhibiting magnetic 

properties unlike the bulk counterpart. Also the 

magnetostriction arises entirely from the magnetic S state 

Fe
3+

 ions. This situation is similar to say in Y3Fe5O12 (YIG). 

The nano-crystalline material could present local 

deformations, lowering the symmetry of the crystal fields as 

compared to YIG. This could lead to a different behaviour of 

the S state Fe
3+

 ion in the nano-crystalline Zn ferrite films.  

Determination of this property is a bit delicate because 

one measures changes in length on the order of one part in a 

million. When it comes to thin films it is out of question to 

use classical techniques. One of the methods of measurement 

in thin films is to observe the changes in the resonance field 

under the application of a stress. The dynamic version of this 

method was known as the strain modulated ferromagnetic 

resonance (SMFMR) [12 and refs therein]. We have 

developed and perfected this technique and investigated 

several kinds of thin films with very valuable results. In the 

present paper, we have used this technique to determine 

magnetoelastic constants of zinc ferrite nano-crystalline 

films, as a function of the substrate temperature during the 

deposition, and as a function of the annealing temperature, as 

a continuation of previous investigations of magnetic 

properties of these films [2,3]. The purpose of present studies 

is to find out correlation between the magnetic, structural and 

magnetoelastic properties of the investigated samples, which 

may put some new light on the mechanisms of the observed 

phenomena.  

 

2. Experiments 

 

ZnFe2O4 thin films with a thickness of ~ 500 nm were 

deposited using pulsed laser deposition (PLD) unit. Films 

were grown on amorphous fused quartz substrates using a 

polycrystalline ZnFe2O4 target of 25 mm diameter. The target 

to substrate distance was fixed at 45 mm. The chamber was 

evacuated to a base pressure of 5.4x10
-4

 Pa prior to the 

deposition. The films were deposited at different substrate 
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