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Magnetic properties of CoFe2 O4 thin films prepared by a sol-gel method
Jae-Gwang Leea)
Department of Applied Physics, Konkuk University, Chungju 380-701, Korea

Jae Yun Park
Department of Materials Science and Engineering, University of Inchon, Inchon 402-749, Korea

Young-Jei Oh
Division of Ceramics, KIST, Seoul 136-791, Korea

Chul Sung Kim
Department of Physics, Kookmin University, Seoul 136-702, Korea

~Received 5 May 1997; accepted for publication 26 May 1998!
Thin films with cobalt ferrite layers on thermally oxidized silicon wafers were fabricated by a
sol-gel method. Magnetic and structural properties of the films were investigated with an x-ray
diffractometer, a vibrating sample magnetometer and atomic force microscopy. The crystallization
temperature for Co ferrite thin films was determined by using Mössbauer spectroscopy. Co ferrite
films annealed at and above 450 °C have only a single phase spinel structure without any preferred
crystallite orientation. Their rms surface roughness is less than 3 nm and the size of grains is about
30 nm for annealing temperatures greater than 650 °C. Films fired at and above 550 °C have
moderate saturation magnetization and there is no significant difference of their magnetic properties
for external fields applied parallel and perpendicular to their planes. The coercivity shows a strong
dependence on the annealing temperature. © 1998 American Institute of Physics.
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I. INTRODUCTION

ferrite obtained that will be required for high-density magnetic recording media.1 Recently, a few sol-gel methods for
Ba ferrite thin films and ultrafine Co ferrite powders have
been introduced,6,7 however, the fabrication of Co ferrite
films using a sol-gel method has not been studied extensively.
In this study, the growth of Co ferrite thin films on thermally oxidized silicon substrates is introduced by a sol-gel
method and the films are characterized by using an x-ray
diffractometer ~XRD!, a vibrating sample magnetometer
~VSM! and atomic force microscopy ~AFM! as a function of
the annealing temperature. Magnetic and structural properties of CoFe2 O4 thin films prepared by the sol-gel method
will be presented in this article.

Thin films of hard magnetic ferrite have become attractive for high-density recording media because of their moderate saturation magnetization, high coercivity, mechanical
hardness and chemical stability. These magnetic and physical properties of the ferrite films enable the development of
contact recording media that will ultimately be required in
the near future.1 Recently, the growth of Ba ferrite films has
been studied intensively for using high-density magnetic recording media.2 Since Ba ferrite films require higher annealing temperatures ~700–950 °C!, conventional substrates cannot be used for the growth of Ba ferrite thin films. Cobalt
ferrite, a well-known hard magnetic material, is also one of
the candidates for high-density recording media. CoFe2 O4
has a high coercivity ~5400 Oe! and moderate saturation
magnetization ~about 80 emu/g!, a remarkable chemical stability and a mechanical hardness, which are necessary for
high-density recording media.3 Thin films of cobalt ferrite
studied intensively for magneto-optic recording media have
been prepared by several techniques such as laser ablation,
facing-targets sputtering and ion-beam deposition.3–5 For the
practical application of Co ferrite thin films such as magnetic
recording and magneto-optic recording media, a sol-gel pyrolysis method is introduced as an attractive alternative to
some of the other deposition techniques that have been used
to grow Co ferrite thin films. The advantage of this chemical
route is not only the lower annealing temperature necessary
for the crystallization process, but also the small grain size of

II. EXPERIMENT

A block diagram outlining the preparation process is
shown in Fig. 1. Appropriate portions of Co~CH3 CO2 ) 2
•4H2 O ~1/200 mol! and Fe~NO3 ) 3 •9H2 O ~1/100 mol! were
dissolved in 2-methaoxyethanol ~100 cc! and diethanolamine
~2 cc! with an ultrasonic cleaner. The solution was refluxed
at 70 °C for 12 h. Some of the solution was dried to determine the crystallization temperature of Co ferrite powders
using a Mössbauer spectroscopy that used a conventional
constant acceleration spectrometer with a 57Co source. Films
were spin-coated onto thermally oxidized Si wafers ~;700
Å! with 4000 rpm for 30 s. All surfaces of substrates were
washed with a standard cleaning method for the silicon process before being spin coated.8 After each spin-coating process, the films were pyrolyzed at about 120 and 270 °C for 3
and 10 min, respectively. The number of depositions was
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