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Dipolar Energy Anisotropy in Hexagonal Ferrites 

G.  Litsardakis 

Department of Electrical & Computer Engineering, Aristotelian University, 54006 Thessaloniki, Greece 

Abstract. The dipolar energy contribution to the anisotropy of M- , W- and Y-type hexagonal fenites is examined. The 
geometrical coeff~cients kij are given, so that a calculation for any hexaferrite with the same structure can be effected. 
Differences in the results of previous works are explained as due to a simplifying assumption, the validity of which is 
restricted. The ambiguity regarding dipolar energy anisotropy has been raised: dipolar energy anisotropy is dominant in BaZn- 
Y, while it is negligible in M- and W-type hexagonal ferrites. The results suggest that single ion anisotropy of the bipyramidal 
site is significant but the contribution of all the other sites is equally important. 

1. INTRODUCTION 

The origins of anisotropy in hexagonal fenites were discussed for the first time by Smit and Duyvesteyn in Ref. [I]. They 
calculated the dipolar energy anisotropy and found that it is important only in Y compounds, while in M the calculated value 
was low and with opposite sign, compared to the experimental value. The anisotropy of M (and W compounds subsequently) 
was then attributed to single ion anisotropy of ~ e ~ '  in the bipyramidal site of the structural block R, which does not exist in 
the Y-type structure. The dipolar energy was calculated again by Lotgering et a1 [2] for some M, W and Y-type compounds. 
Comparing to the earlier results of [I], the values of kij (see eq.la) that they found were the same, except for those with i=j. 
In spite of this difference, the anisotropy constant K1 resulted similar and their conclusions were the same: dipolar energy 
anisotropy is important only in the Y structure. However, calculations made by Isalgue et al [3] in M and R structures, and in 
W later [4], gave K, values very close to the experimental ones, with all but few kij equal to those of [Z]. It was then proposed 
that anisotropy in both uniaxial and planar hexagonal femtes is due to dipolar energy. 

In this work a calculation of the dipolar energy anisotropy in M, W and Y structures of hexagonal ferrites is 
performed, and previous calculations are discussed, showing that the importance of dipolar energy has to be reconcidered. 

2. CALCULATION OF DIPOLAR ENERGY ANISOTROPY 

In previous calculations dipolar anisotropy K, is analysed in coefficients k,, , which represent the geometric part of the 
interaction between two sublattices i and j with magnetic moments ni and ni respectively (in Bohr magnetons): 

iv COS' etn(l/) - C O S ~  een(L) K, = lo3 kg . nin, (erg / cm3), where ki = Ni C 3 
is j n(j) d n  (1) 

The use of Ni, the number of ions of sublattice i per volume unit, presumes that, for symmetry reasons. the dipolar energy is 
the same for each and every cation of a sublattice. So the interaction for only one ion of each sublattice was computed and 
then multiplied by the crystallographic multiplicity of the sublattice. This assumption is not generally true, and the correct 
way is to calculate the interaction for every ion in each sublattice separately: 

The results for M, W and Y type structures are given in tabl. 3-5. 
Expression (lb) saves programming and computation time, but for certain sublattices, such as the 12k in M, the 6g 

and 12k in W and the 18h in Y, it yields k i j # ~ i  (see tabl. 1-2). The values of kij in this case vary with the direction 
perpendicular to c axis, which is arbitrarily set in the calculations. Since only one half of the table of coefficients kij is 
required (because in eq. l a  it is ilj), and also it is not necessary to calculate for more than one direction in the basal plane 
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(001) (because the coefficients kij should be the same for any direction), the error resulting from (lb) has not been revealed 
up to now. 

In Ref.[3] the projection direction [1,0] has been applied 151, while in Ref.[4] the use of [ l . l]  is reported, which 
explain the differences in the reported k.. values of 12k and 6g. In Ref.[2] the results for M and W are practically the same 
with ours, although they were also obtzned with the use of eq.(lb), while for Y there are sigmficant Werencees in the 
interactions with sublattice 18h. The projection directions used in (21 are not reported, but we may comment that using 
eq.(lb), one can reproduce these kij values m two ways: Either calculating at certain projection directions. 45O from the a axis 
in M and W, 15O in Y, which however are not any particular directions in the hexagonal system, [(1+3)/2, 11 and [(1/2)+ 
(6 /2)(&+3)/ (4-f i ) ,  11 respectively. Or taking the average of the extreme kij values that occur at merent  directions 
([1,2,0]-[l,O,O] inM and W, [I,-1,0]-[1,1,0] in Y). 

Table 1. kij of Y, using (1 b) 
project. )18h-3a(18h-3bl18h-6~2 ( 18h-6c3 (18h-6c1( 18h-18h 

[l , l]  1 30.2 1 59.3 1 -45.0 1 -38.5 ( 85.5 1 -114.0 

Table 2. kij of M, using (lb) 
roject.112k-2a112k-4e 112k-4f1112k-4f2112k-12k 
[l,O] I 85.1 1 70.7 1 -24.0 1 -45.4 1 -107.6 

Table 4. kij of Y 

Table 3. kij of M 

Table 5. kij of W 

As we can see in table 6. in M and W the contribution of 
dipolar anisotropy is very small compared to the 
experimental value. In BaZu-Y this kind of anisotropy is 
dominant, being about two times larger than the 
experimental value. In any case, besides dipolar anisotropy, 
a positive contribution of 1.6-4.6 .lo6 erg/cm3 from other 
sources has to be taken into account in order to obtain the 
experimental values. The planar anisotropy of Y compounds is determined both by the large negative dipolar anisotropy and 
by the lack of the bipyramidal site. A comparison of Klexp-Kldip in all three structure types indicates that the role of the 
bipyramidal site may be significant but the total contribution of the other sites is also important. 

A reliable calculation of dipolar energy contribution to the anisotropy of M- and Y-type hexagonal femtes has been 
effected. The results reverse the conclusions of the more recent calculations and confirm the earlier ones. although in all 
previous cases kIj were not calculated correctly. 
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