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Spinel ferrite structures have vast applications, from microwave to radio frequencies. In order to acquire new
electronic and optical behavior, divalent cations can be added to normal spinel ferrite structure. This way it
is possible to facilitate its usage in material and science technology. In this work we have analyzed the impact
of Ca addition to normal spinel manganese ferrite on electronic and magnetic properties by the first-principles
calculations. For the exchange-correlation functional, Wu-Cohen, generalized gradient approximation method was
used for electron-electron interactions. The calculation of electronic band structures is based on full potential
linear augmented plane wave method. The calculated density of states shows that the addition of Ca ions has a
significant impacts on the electronic and magnetic structure.
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1. Introduction

Spinel ferrite structures have great impact on tech-
nologies, particularly in high frequency transformer, mi-
crowave and magnetic recording applications, in anten-
nae and various microwave and radar devices [1-2]|. Nor-
mal spinel structure is formulated as AFe,O4 where A
is a divalent ion, generally transition metal (A=Mn and
Ca, in this study) ions occupy A sites and trivalent ions
(Fe*3) occupy only B sites. In this study, the effects
of the substitution of Mn with Ca in MnFe;O, struc-
ture on electronic and magnetic properties are studied.
Spinel structures MnFe;O4 and Cag 5Mng 5FesOy4 are in-
vestigated using density functional calculations. The ar-
ticle is organized as follows: the method and calcula-
tion is explained in Section 2, and the electronic and
magnetic properties of MnFe;O4 and CagsMng sFesOy
ferrite structures are explained in Section 3, finally, the
conclusions are given in Section 4.

2. Method and calculation

First principles calculations for AFesOy4 type ferrite
compounds are performed using the full potential lin-
earized augmented plane wave (FP-LAPW) [3] method as
implemented in WIEN2k [4] code within the framework
of density functional theory (DFT). The exchange and
correlation effects are treated using generalized gradient
approach (GGA) based on Perdew et al. [5]. To get the
total energy convergence, we have expanded the Khon-
Sham wave functions up to Ryt Kmax = 7 (RuT are the
plane wave radii and K. is the maximum reciprocal
lattice vector). Partial waves used inside atomic spheres
have been expanded up to lnax = 10. In charge density
Fourier expansion, magnitude of the largest vector G is
equal to 12Ry"Y? (Gmax = 12Ry*/?). The cut-off energy
for separating core from valance states is set to —7Ry.
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The standard special k-points technique of Monkhorst
and Pack (MP) [6] is used for accurate Brillouin zone
integrations. We have used 6 x 6 x 6 MP meshes and
16 special k-points are taken in the irreducible wedge of
the Brillouin zone.

3. Results and discussions

3.1. Structural properties

DFT calculations were performed for crystal structures
with space group 227 Fd3m for MnFe;Oy4. 2 X2 X 2 super-
cell is built on this structure to model Cag sMng 5FesOy
ferrite structure. The calculated lattice parameters a,
bulk modulus B, first derivative of bulk modulus B’ and
band gap energies of studied materials are shown in Ta-
ble I. Lattice parameter of MnFe;O,4 are in good agree-
ment with other studies for MnFesO4. When divalent Ca
atoms are added to MnFe;O,4 the lattice parameter and
B’ increase, whereas the bulk modulus and E, decrease,
meaning that the material becomes softer.

TABLE I

The calculated lattice parameters a, bulk modulus B, first
derivative of bulk modulus B’ and band gap energies of
MHF6204 and CaojMno‘sFeQO;;,

a B | B E Egd
Material g,up g,down
areria [A] [GPaj [eV] [eV]
8.44
8.49 [2] 1.47 0
MnFes0 146.20(2.1493
nreatia 8.43 [7] 1.25 [8] (exp)| 0.4 [7]
8.36 [8] (exp)
Cao.sMno sFez 04|  8.5715 | 90.30 [8.9695]  1.28 0.045

3.2. Electronic and magnetic properties

The calculated electronic band gap and DOS in spin
down state for MnFe;Qy is given in Fig. 1. MnFe;O,4 has
zero band gap in spin down state, whereas it is seen in
Fig. 2 that in spin up state it has a band gap of 1.47 eV,
which is an indication of half metallic behavior. The O
atoms are effective at the core level of DOS structure of
MnFe;04 in spin down state. The wavefunctions of Fe

(362)


http://dx.doi.org/10.12693/APhysPolA.130.362
mailto:mustundag@sakarya.edu.tr

Electronic and Magnetic Properties of Ca-Doped Mn-Ferrite 363

8=

(a) —
s
A
> 24
I ———n—
g ——
& %
a 7
]
=
B 2
a
MnFe,O, spin down
44
6
W L r X w
Energy (eV)
®) 25 Tot DoS|| 2°
: Mn tot
MnFs:O‘ spin down Fe_tot
L---O_tot |20
Z 15
-
3
(=] +10
B
L5
T T o
-2 4 6

Energy (eV)

Fig. 1. Calculated (a) electronic band structure and
(b) DOS in spin down state for MnFezO4.
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Fig. 2. Calculated (a) electronic band structure and
(b) DOS in spin up state for MnFe2O4.

atoms in the valance region are denser than those of the
other atoms, as seen in Fig. 1.

The DOS structure for MnFe;O,4 in spin up state is
represented in Fig. 2. Fe atoms have a great impact on
DOS in the —2 and —4 €V region, but near the valance
region, all atoms have nearly the same effect.

The calculated electronic band gap and DOS for
CagsMng sFesO4 in spin down state is given in Fig. 3.

The half metallic behavior has disappeared with the ad-
dition of Ca since it has a band gap of 0.045 eV in spin
down state and it has 1.28 eV band gap in spin up state,
as shown in Fig. 3 and Fig. 4, respectively.
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Fig. 3. Calculated (a) electronic band structure and
(b) DOS in spin down state for Cag.sMng.5Fe204.
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Fig. 4. Calculated (a) electronic band structure and
(b) DOS in spin up state for Cag.sMng.5FezO4.
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Ca addition to MnFe,O4 increases the E, in spin down
state while it decreases the band gap in spin up states.
From Fig. 3, near the valance and conduction bands re-
gion the total peak is caused mostly by Mn and Fe atoms,
while Ca atoms have very little effect on DOS in both,
the conduction and the valance band regions. On the
other hand, in spin up state, as shown in Fig. 4, near the
valance band region Mn and O atoms have a much higher
contribution to total DOS when compared to other atoms
in Ca0_5Mn0,5FegO4.

Total magnetic moment of the cell and partial mag-
netic moment of the atoms is given in Table II. It can
be seen from the table that Ca addition to MnFe;Oy
increases the partial magnetic moment of the atoms in
Cag.sMng sFesO4. On the other hand the total magnetic
moment of the cell is decreased by Ca addition.

TABLE II

Total magnetic moment of the cell and partial mag-
netic moments of the single atoms in MnFe2Os4 and
Cao.5sMng.5Fe204.

. Ca Mn Fe O Total
Material
[#8] | [#8] | [#B] | [ps] |cell [us]
MnFe;O4 Hokak*k11.19112.923|0.145| 21.878
Cagp.5sMng 5FeaO4 | 0.0298 | 3.764 | 3.261 | 0.180 | 18.918

4. Conclusions

We have investigated electronic and magnetic proper-
ties of MnFe;O4 and CagsMng 5FesO4 ferrites by using
density functional theory, based on the full potential lin-
earized augmented plane wave method as implemented in
the WIEN2k. We have explained the effect of 50% Ca ad-
dition to MnFe;O4 on band gap, DOS and magnetic mo-
ments. It is clearly seen from our results that MnFe;Oy4
has half metallic, while Cag 5sMng 5Fe2O4 has a semicon-
ducting behavior. We hope that our results can be used
to cover the lack of data in the literature for Ca-doped
MnFe;O4 ferrite.
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