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Abstract- Electronic structure calculations for the permanent magnet material Nd2Fe14B has been calculated using
spin-polarized full potential linearized augmented plane wave (FPLAPW) method. This method is highly effective for
systems with very complex structures. The results presented include the band structure of Nd(4f) site and their partial
density of states (DOS). The band structure for Nd (4f) site is in good agreement with the self-consistent calculations.
We calculated the results for Nd2Fe14B by spin polarized without spin-orbit coupling.
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1.

INTRODUCTION

Nd2Fe14B is the most important materials in the series in terms of practical applications and is the one most
intensively studied [1]. Some empirical and non-self consistent calculations have been reported on the electronic
structure of Nd2Fe14B [2-8]. We study the density functional theory (DFT) using self-consistent full potential linearized
augmented lane wave (FPLAPW) method [9]. The potential Linearized Augmented Plane Wave and the electron
density are separated into two regions, i.e. in the non-overlapping atomic spheres (region I) and the interstitial regions
(region II). The wave function solutions of the Kohn-Sham equation are expanded in augmented wave functions. In
region I, they are expanded in radial functions times spherical harmonics. In the interstitial region II, plane wave’s
expansion is used. Each plane wave is augmented by an atomic-like function inside the atomic sphere and matched at
the atomic boundary. However, there is no shape restriction on the density and potential. The potential in LAPW
method in the following form:

In this paper, we present the density of states (DOS) and the band structure for Nd atom at different sites, using
spin-polarized method excluding the spin-orbit coupling.
2.

METHOD OF CALCULATIONS

Nd2Fe14B crystal is a tetragonal unit cell with a space group P42/mnm, structure No. 136 [see Ref. 10,11] . In oneunit cell, there are two kinds of 8Nd atoms, labeled as 4Nd(f) and 4Nd(g), respectively, six kinds of 56 Fe atoms,
labeled as Fe (c), Fe (e), Fe (j1), Fe (j2), Fe (k1), Fe (k2), respectively, and only one kind of 4B atoms, labeled as B
(g). We used the lattice constants and the fourteen atomic position parameters for Nd2Fe14B at 77K [see Ref. 12].
The experimental values used in our calculations are a= 8.802, c= 12.179 A0 [5,6]. The Generalized Gradient
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Approximation (GGA) of Perdew, Burke and Ernzerhof [13,14] used for correlations and exchange potentials as
implemented in the Wien2k code [15]. Self-consistent calculations performed with 30 k-points in the irreducible
Brillouin zone. We used the muffin tin (MT) sphere radii RMT = 2.5 a.u, RMT = 2.09 a.u, RMT = 1.85 a.u and the
cut-off energy parameters RKmax and Gmax of 7 and 14 respectively. 4f states in rare earths are highly localized and
are very difficult to include the band-structure calculation. Fortunately, their photoemission spectra are reasonably
well understood with a transition-state analysis [16,17] and renormalized atom approach [18]. Because of this and the fact
that the non-4f parts of the experimental electronic structure are similar 4f states in Nd2Fe14B were included in the
valence and core states. Both core and valence states are the frozen self-consistent atomic states. There are nine valence
states per site consisting of s, p and d orbital. With 68 atoms per unit cell, this leads to 612×612 overlap and
Hamiltonian matrices. The self-consistent spin-polarized potential parameters are based on the zero-wave-vector
(K~0) electronic structure results. Because of the extremely large size of the unit cell so in our work, the 4Nd f
electrons are considered as valence electrons and are treated as self-consistent. Furthermore, we used a small FPLAPW
basis set for 8Nd atoms and small k-points for the Brillouin-zone integration.
Nd
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RESULTS AND DISCUSSIONS

3.1 Density of States of Nd2Fe14B
We first performed spin polarized calculation using GGA but without including spin-orbit coupling. Figures (1,2)
display the majority and minority density of states (DOS) for Nd atom at different sites in order to examine closely
the f orbital. The highly localized peaks for Nd atom on f and g sites are located and clustered around EF .The 4f
orbital in rare-earth is very important in deciding the properties of Nd2Fe14B. As shown in Figs.1 (a, b), We calculated
the majority and minority DOS. The spin up in two Nd atoms on f site forms a narrow peak clustered around EF as
shown in Fig. 1a. While the spin dn in Nd atom on f site, the peak found to be located above the EF as shown in Fig.
1b. Also as shown in Figs.2 (c, d), We calculated the majority and minority DOS. The spin up in two Nd atoms on g
site forms a narrow peak clustered around EF as shown in Fig. 2c. While the spin dn in Nd atom on g site, the peak
found to be located above the EF as shown in Fig. 2d. We note that peak for Nd atom on f site is longer than the peak
for Nd atom on g site. We note that peak for Nd atom on f site is longer than the peak for Nd atom on g site. The Fesite moments are in good agreement with two reported results of neutron scattering experiments, one with a single
crystal [19] and on powder samples [20]. The average Fe moment is 2.38 µB per site compared to the experimental values
~ 2.57µB per site [19]. The total magnetic moment calculated for Nd2Fe14B is ~ 46.62 µB per formula unit (FU). The
total magnetic moment value is close to quoted experimental values of ~35.0 µB /FU or 37.1 µB /FU [19, 20].

3.2 The Band Structure of Nd2Fe14B
Figures (3, 4) displays the band structures with just DFT-GGA for Nd atom. Each peak in DOS means that many
wave vectors have the same eigen value. So that we note that the Nd atom on f site forms a narrow flat band at EF as
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shown in Fig. 3. This flat band structure corresponds to a high density of states. On the other hand, in the Fig. 4, the
peak in DOS located above EF, means a high density of states as reflected in the band structure. Most of the DOS at
EF is contributed by the Nd sub-lattice.

4.

CONCLUSIONS

We performed a systematic ab initio calculation on Nd2Fe14B using spin polarized. The LDA + U scheme has been
used and available in the Wien2k code. We calculated the majority and minority DOS for two Nd at 4f and 4g sites as
shown in Figures in order to examine closely the f orbital in the two Nd at different sites. The total magnetic moment
calculated for Nd2Fe14B is (46.62µB/FU) and the average Fe moment is (2.38µB); both numbers are close to the
experimental values of 35.0µB/FU and 2.57µB respectively.
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