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AN INTRODUCTION TO FERRITES

1.1 Introduction:

The term 'Ferrites’ is used to mean magnatic oxide contatning lom
oxlde as there main component regardless of thelr crystel structure [1]. The ferrites of
greatest technical improtences are derived crystailographyically from three natural
compounds namely the spinel, the garnet and the magnetoplumblte. To cater to the
quantitative and qualitetive demands of the consumer elactronics as well as in computer
tachnology, substantlai efforts have been made by varlous laboratories to prepare ferrite
metarial sinces last fifty years.These are used for a variety of different applications after
designing and talloring specificaily for the purpose[2], Some applications are found in
permannani magnets, TV deflection yokes, transformer cores, computer memory and logic
devices,

This chapter deais with the fundamental propeities, structt;re and theoriss
of ferrites. The apolications of ferrites and orlentation of the present work are also included

at the end.

1.2 HISTORICAL BACKGROUND:

The naturally prepared ferrites FeOFe2 Oz aroused the scientific
curiosity of man. The anclent peopls living in €00 B.C. belleved thet load stone(magnetite)
possesses an inherent living force which accounts for the observed attraction between
magnatic and iron[3]. The first measurment of safuration magnetisation of magnetite was
made by DU-Bols (1880) [4] Plerra Weiss (1807) went futher to determine curie
temperature and suggesied its possible use In reducing eddy current loss In inductors and
transformers [5] . Howsever the credit of preparing large number of ferrites with generel

formula MOFe203 , where Mis the divialent metal ion ,goes to Hilpert (1909) [6] .



One of ths most significant contributions was made by Barth and Posnjak by
cairying out x-ray analysis on ferrites . By assuming thet divalent and trivalent metal lons
interchange positions in crystal , they discovered inverted spinel structure , essential for
the existence of the ferromagnetic properties of ferrites .

Philips research laboratories in Eindhoven Holland became the centre of
extensive work In ferrites in 1930 and commercial significance was achleved by the work
of Snosk [7] end his co-workers . The Importance of accurate oxygen content for the
quality of ferrite to be used . at high frequancy was shown for the first time . Verwey et al

(8] reported electronic conductivity of ferrites which is mainly due to the exchange of
elactrons hatween Fez* lons and Fe * ions in ferrites.

The ferrite with inverted spinel structure was shown to be ferrimagnetic
whereas normal spinel struciure ferrite to be nonmagnetic. The work of Verwey , Meiiman
and Romeijn on resislivity eupported their conclusion of ferrimagnetic and non-magnetic
ferrites [9]

Neel [10-11] published the first explainatory theory on the origin of
magnetism in ferrites by introducing the concept of sublattices to explain the spin -spin
interachon in 1948 and modified the same in 1952 Anderson and Vanvieck developed the
super exchange theory of interachons [12-13] . Yafet and Kitlle [14] suggested the
modificahons in the Neefls theory by posluiating a triangular arrangement of spins in 8
sublaltice so that net spin of the sub-latlice is opposite in direction to the spin on the other
sublattice of ferrite . The experimental proof of Neel's theory was esiablished by Gorter
{15] and Guillaud [16] by measuring the magnetization of the mixed ferrites . Shull snd
Strauser [17] confirmed the Neel's theory for magnetite and zinc ferrite with the heip of
neutron diffraction studies . The correlation of curie temperature with magnelization and
cation distribution was carried -out by Gilleo [18] .Koops [19] studied high conductivity
associated with high dielectric constant and obtained the formula giving s

‘phenomenological theory to explain the conduction behaviour .



Prof. Takle In 1 C F (1880) and Hirayam stressed on the use of ferrite
material as a power ferrite [20-21] . in the following four years the swilched mode power
supply market grew rapidly there by Increasing the literature on power ferrites. Kamada A
and Suzuki[22] and Goldman[23] compared the better performance of power ferrites with
comparatively low cost . Since then the power ferrites are extensively used In power

supplies operating et 1 MHz and above correspondigly a large number of papers were
presented Inl CF (1989)

1.3 STRUCTURE OF SPINEL FERRITES:

The crystallographic structure of the cubic ferrites of the spinel type Is

dstermined by a closely packed structure of oxygen lons, These are assumed to be rigid
spheres of ionic radius T 02' = 1.38 A°. some of the remaining hollow spheres are

ocsuplad by the smaller matal fons with I'vs =0.6 to 1.0 A°,

The mineral spinel crystaliizes in the cubic system and contains eight

formula units of MgAR04 in the unit cell. The spinel ferrites are formed from MgALO4 by
substituting Fe3+ for Al. Any divalent cation with an lonic radlus between 0.6 and 1.0 A°

can be substituted for Mg according to the general formula Mo2+ Fas* 04. where Mmz+ is

Mg, NI, Co, Cu, Fe,Zn or Cd. In the spinel lattic thers are two kinds of lattice-sites avallable
for the cations; tetrahedral sites ( A sites, surrounded by four oxygen anions which are
situated In the corners of a tetrahedron, with only 8 of 64 sites avallable in each unit cell
occupied) and octohedral sites(B sites, surrounded by 6 oxygen anions which are situated
in the corners of an octohadron with 16 of 32 sites in each unit celi occupled.)

The model assumad so far needs refinement as oxygen anions are
rigld .spheres arranged in a close packed structure and hollow space between them are
filled with smalier metal lons. the holiow spaces available In an ideal close-packed
structure of rigid oxygen anions would be able to Incorporate on tetrahedral sites. Only
ions with maximum radius rtetra<=0.30 A° and on octohedral sites only ions with a
maximum radius [oct <= 0.55 A°. This would result in a cell edge a= 747 A" . To

Ane manilanad ahaca dha latiang hae (Ao ba avnandad camandat Tha
WIS HIGIIRIVIIGU SWVYS UIG IRLLILE 1189 LIV WG GANQIIUGU VINGYFIIG . 1 1O



difference in expansion of the tetrahedral and octohedrel interstices Is characterised by an
oxygen parameler U. For an ideal lattice tetrahedral and octohedral interstices are
enlargad in the sama ratio. The distance between the tetrahadard site ( 0,0,0 ) and oxygen
Site(3/8, 38, 3/8) is Uldeal = 38 s 0.375 In Incorporating thedivalent cations Uobs Is
larger than Ulsesi always, owing to the stronger expansion of the tetrahedral interstices at

the expense of octohedral sites. For small displacements, the radii of the lons on

tetrahedral sites and octohedral sites ['A and I'B are given by .
rA =@-4)asi- Lo [B= ((5/8)y-u)a ~ r2-
Regarding the distribution of the divalent and trivalent cations on A and B sites, it might
be thought at first that the eight divalent cations are sltuated on the sight occupled A sites
and 16 trivalent iron ions on the 16 occupied B sites ( normal spinel ). However this does
not hold in all cases. Experiments show that there is a whole range of possible
distribusions [ 24 ] which can be representad in general terms by -
Mes2tFersST ( Mers?™ FernsSt )os

where the braﬁkei indicaties the ociahedral sites. the limiting case 8 = 1 is called

normal spinel and limiting-case 8 = 0 is called inverse spinel. The case §=0 should be

2+ 3+

even more likely because I'B > I'A and Twe“” >lue

A completsly normal or completely inverse spinel represents an extreme
case, X-ray and neutron diffraction studies have shown that there exists Intermidiate
structure which Is nelther a perfect normal structure nor a perfect Inverse structure. This
happens when § {akes any value between 0 and 1. Thus the quantity 3 is a measure of
the inversion. In case of some ferrites & depends upon the method of preperation.

The ferrites ZnFe204 and CdFe204 have normal spinel structure and are
nonr-magnstic, NIiFe204, COFe204 hava Inverse spinel structure like that of FesO4
and are magnetic in nature. Ferrites like MgFe204 - have partial Inverse spinel structure
and they are magnetic.The spinel structure and A-site and B-site arrangments are shown

infig.l.1end1.2.
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The asigned space group for the cubic spinel structure is Fd3m-oh7. 8
cations occupy A sites and 16 cations occupy B-sites in spinel structure which are
presant inthe unit cell. The unit cell aiso contains 32 anlons of oxygen. The co.ordinate of
lonic positions are as foliows -

i) 8 A sites at 8f positions: (0,0,0) and (144,14 .1/4) f.c.c.

1168 sites at16d positions: (6/8,5/8,5/8).(5/8,7/8.7/8),(1/8,5/8,1/8) (7/8,1/8,5/8)f ¢ c.
iify 32 positions at 32 (e) of oxygen anions are (U,u,u).(u.u ,u) U U WML UL,
( (14U, (14)-u,(14)-0), ((1/4)-u,(14)+u,(14)+0), (14)+u,(1/4)-u.(14)+u)),
((11d)+u,(14)+u (14)-u))
1.4 MAGNETIC PROPERTIES OF FERRITES :

in ferrites, the oxygen lon give two sub-lattice which are characterized by

different oxygen environments for the metal atoms . Magnetic interaction within the sub-
lattice gives rise 10 sub-lattica magnetisation. Magnetisation of the two sub lattice are not
squal (at a temperature) and are opposite , so the net magnetisation results as a case of
ferromagnetic materials . Therefors the ferrites exhibit all properties similer to those of
ferromagnetic maledalé .

The propertles of ferritas can be classified in to two catagories such as
intrinsic and structure sensitive . saturation magnetisation , anisotropy , magnetostriction
and curie tempereiure are the intrinsic properties ; while parmeability hysteresis are very
much structure sensitive . The structural aspects such as grain size , porosity ,impurities
and Inclusions of non- magnehc lons which are very much sensitive to above said
properties,

Hysteresis study on ferrites gives valuable deta on saturation magnetisation,
coerclve force , remanance ratio . Ferriles are mainly classified in different catagories
based on their coarcivity . coercive force can range from 0.1 Oe to 3 kos . When cosrcivity
is 1.5 koe , the ferrites are termed as' hard ferrites '. The cosrcive force (Hc) of moderate

of soft ferrites lle within the range from 10 Ce to 1.5 Koe. Hysteresis properties are mainly



dependant on crystal structure , cation distribution, chemical composition , 'sintering
atmosphere , heat treatment and final fabrication .

Magnetic material contains three types of domain such as multy domain (MD) ,
smglo domain (SD) and supaer - paramagnetic (SP) . These domain structure change with
chemical composition and thermal treatment . A.C. susceptibility and Hysteresis studies
are useful to explore these domain structures . The shapes of thermal veration of ac
susceplibliity and Hysteresis are correlated with domain strufcture . The cusp and maxima
in ac susceptibility study can be correlated with anisotropy of the feirite material. The
curie temperature can also be measured when the Xac is Zero at certain temperature.

The spins apart from the exchange Interaction between neighbouring atoms
have Interaction with lattice atoms . The spin lattice interaction Is seen if ali the spins are
completely aligned and direction of alignment is rotated relative to the crystal axes
Prefeired directions of magnatic momants are then observed . The excess work done in
magnetizing to saturation a specimen or ferrite in a direction , compared with the easy
direction Is called crystal anisotropy energy and it plays an important role in determining
the properties like permeabliity , hysteresis and madnetostﬂcﬂon .

For cublc material , anisotropy energy is given by

n ) n 9
2 " +m” a32 + a32 a12 ) K2 (a12 @ sy

Ea = Kiqat
where K1, K2 = constants depending on material and temperature.
ai, a2, &3 = Direction cosines.

Ferrites change their dimensions when they are magnetized , this is called
as magnetostriction . Magnetostriction plays an important role in domain geometry and In
practical use of transformer materials . The Incremental change may be positive or
negative depends on material at saturation . Most of ferrifes exhibit negative incrementel

. change except for few cases like Fez04.



1.5 THEORIES OF FERRIMAGNETISM :
1.5.1 Neei's Theory:

The knowlsdge of crystal structure and sign of magnetic interaction in

it help us to account for the saturation magnetic momant and magnetic structure of a
compound.

Nesl [10] [11] assumed that the ferrimagnetic crystal lattice could be

divided in to two sub-lattices such as tetrahedral A site and actohedral B site in a spinel

structure , with fraction A appeared on A site and fraction . appeared on B site |, so

that

He defined the interaction within the material from weiss molecular field. Nee|
showed that thers Is a antiparaliet alignments of Ma and Ms for farrmagnelism . where Ma
and M3 are magnetic moments of A and B sublattices respectively .

in the presence of an applied field , Neel obtained the peramagnetic Curie

temperature from the suscaptibility equations .

L=MMo

M=Ma+Ms

Ho= applied fleld

After necessary algabric manipulation , Nee! obtained the curie temperatura for
paramagnetic and spontansous magnetization region as,
Te=1/2 yrs C [m+ub+[(m-ub)2+4xu]1/21

for paramagnetic region and

. 2 172
Te=1/2 fas Clax+up-t(a-up)" +4ap) ")

for spontanaous magnetization reglon Where ¥ Is & appropriate molewlar
field coafficient Tp Is & cuirie temparature when Ma and Me aré antiparaiiéi and Tp'is a

curle temparature when Ma and Ms are paraliel.



Neel further showed that the total sponianeous magnatization Msp can be written as
Msp=Mssp - Masp
The soiution of Msp with variation of temperatura can not be obtained analytically
and graphical method are used and known as (o,v) curves Fig. 1.5

where

Msp

Msaf.
Msat- saturation magnstisahon .

and <=T/Tp

The (@ .t) curves are p-type, m-type , R-type, N-type and V-type and depends on

relative values of interactions and relative magnitudes of sub-lattice magnetisations.

1,5.2 YAFET-KITTLE THEORY:
Yafet and kittle suggested the modifications In Neals theory as it Is

observed that for the spinels contalning metal ions other than Fe, the mégno(isatlon value

Is smaller than Neels model. They proposed trianguler arra:i‘lgement of moment by

¢onsidering the possibliity of subdivision of each sublattice of B site a shown Inthe fig. 1.6
The sub structure B1 and B2 are spontanaoussly magnetised with angle -

© other than 180° , but the resultant B is antiparallel to A. This arrangement is free from

thermodynamic Instabliites near 0 °k. Thay also proved that Neel's structure is stable if the

fotal no. of sublettices Is restricted to six , with a condition on ratlo of exchange energles.

-»
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1.5.3 KAPLAN'S SPIRAL STRUCTURE

Kaplan{24] proposed spiral type of spin conflguration from observed

Neutron diffration in some compounds tThis structure lowers the sxchangs energy for the

compounds he studled.

Further Loigering [25] developed the theory of spiral configurations and

applied it to experimental results,

1.6__ELECTRICAL PROPERTIES OF FERRITES:

Basically ferrites are semiconductors In nature and their
resistively et room temperature vary from 10° To 10 "‘ ohm cm.

The temprature dependance of resistivity obeys the law,

P - [P o Exp.Eg /1K)
Where,
Es = activetion energy
K = Boltzman constant

T = absoluls lemperaturs.

The linear retationship of log p versug 1/T, help to observe ferrimagnetic

curie tempersture [26] and {o determine the activation energy [27]. The high value of

activation energy {28] than 0.5 ev is associated with high resistivity at room temperature.
- Ferrites show abnormally high dielectric constants and dispersion of

dielectric constant in the frequency range from few Hz to few MHZ. Koops investigated

the dielectric constant for Ni-Zn ferrite and describe phenomeno logical theory of dielectric

behaviour (dispersion) at low frequencies . Moltgen[29] studied the Cu-Zn ferrite and

Kamiyoshi [30] worked on Ni-Co ferrite, Fairwesther [31} oblained the sctivelion energy



from temprature varation with refaxation time, The high dislectric constact may arise at low
frequency due to the oxygen lon which have three B site and one A site neighbours . This
Is justfied In the view of the fact that the oxygen possesses the maximum polarizabiity.
Hali effact and thermoelectric properties are widely usad in the
interpretation of the conduction mechanism In semiconductors. Hall effect inferpretation s
more siraight forward. However, in the case of low mobiiity materials such as ferrites,
thermoaslectrical power measurement Is the only alternative. The sign of thermo emf gives
vital Information about the typs of conduction in ferrites, whether it is p-type or
n-type . Another Important signifcance of thermo emf s that it enables one to calculate

the values of Ferml energy and carrier concentration [32] .

1.7 ORIENTATION OF PROBLEM :

Ferrites continue to evoke Interest because they are the most improtant

electronic and magnetic ceramics. The simuitaneous twin  requirement of optimai
slactronic and magnetic propertiss In the advanced slectronics, microwave and computer
techriologies have focused the atiention of research workers: of ferrites Hence, ferrites
which are farrimagnetic semiconductors opened a new vista In the physics of matsrials
and nesd for high resistively ferrites led to the synthesis of various ferrites. The Increasing
demand-for low loss ferrites resuiied In detalled Investigations on the varlous aspects of
coductivity and on the influsnce of varlous substitutions on the electrical conductivity,
thermoaiectric power, Hall mobility etc.
Mg ferrite Is technologicalty imporiant ferrite because of Hs high

resistivity. Therfore, the combination of various diavalant cation like Mn Zn Cu,
otc are usaed to increase the losses.

New meihqu of prepration have improved the ferrites properties
ties . To obtain high density and ¢chemicai homoginity, the chemical route meinods are

useful. Therfore in order to understand the role of co-pre cipitation method of ferrite



praperation on physical properties, the following work will be undstaken during this course
period .
1.Preparation of Mg- Zn , Cu-Zn, Mg -Cu fenrrites by chemical method , Zn concentration Is
optimised to achisve the higher valus of magnitisaton as well as curls temprature
of about 250 to 300°c.
2. x-ray diffraction and |. r, studies .
~ to confirm the single phase fromation
— to determine the crystal structure and lattice constant.
~internal variation of feerrite
3. Electrical propeties

a) D.C conductivity

b) Thermo emf
4, Magnetic studies

To detarmine the catlon distribution

5. A.C. susceptibllity,

To obsarve the domain structure.
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