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Magnetocrystalline Anisotropy Energy of FeisN2
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The magnetocrystalline anisotropy energy of FeN, is
calculated by the band model. The approximate energy bands of
this material are formulated by Deegan’s prescription and the
formulas of Slater and Koster inclusive of the spin-orbit
interaction and the exchange splitting, which is consistent with
the experimental and calculated results of the magnetization. The
anisotropy constants, K, and K,, are evaluated through a
comparison of the electronic energies with the magnetization
parallel to the [001], [100], and [101] directions. The calculated
anisotropy constants obtained with the exchange splitting 0.109
Ry are much the same as the experimental ones. However, the
calculated results obtained by using an exchange splitting greater
than 0.117 Ry do not agree with the experimental ones in the
approximate number of electrons for Fe4N,. The calculated
constant K, for Fe;4C, inclusive of the exchange splitting 0.109
Ry agrees well with the experimental one.

Key words: FeisN2, magnetocrystalline anisotropy
energy, energy band, spin-orbit interaction, magnetic
moment, exchange splitting
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(erg/lem?®)?, 6.6X 106 (erglem?)®, 1.6 X 107(erglem?)® & &
WASKE W, KRIFIGEIL YA h3A 5 4 7B E AV,
IhETIZRE SN0 2B L C, HEE
fFesNe DR B M 2 L X —DEBLZEA, hiE
BREIHBTAZLICLY, ZOMEOMRE—AL D
KEXOBREZODVHMAEZH{IZ 2R ETS.

2. EEHE

256

2.1 Fe,N, D7 TRILF—IS F

ERESRBROMIEFEZ R NLF —I1LdN R XER) T
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Fig. 1 Tetragonal crystal structure of FeisNe2 (Refs. 13.14).
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Fig. 2 Region of 1/16 in the Brillouin zone for a
tetragonal structure.

Table 1 Spin directions and numbers of mesh points per
1/16 of the Brillouin zone for calculating the anisotropy
energies of FeisNe.

Spin directions No. of mesh points

=0 ¢=0. 550
0 =n/2, 0. /4. =/2.37/4 2.200
8 =n/4, ¢:0 =/2 . 3%/ 2.200
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Fig. 3(1) Density of states (left-side ordinate) and the
cumulative number of electrons per unit cell (right-side
ordinate) for paramagnetic Fe1sNz. The spin direction is
parallel to the ¢ axis.
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Fig. 3(2) Density of states (left-side ordinate) and the
cumulative number of electrons per unit cell (right-side
ordinate) for ferromagnetic FeigNz. The spin direction is
parallel to the ¢ axis and the exchange splitting is taken
to be 0.109 Ry.

Table 2 Average magnetic moment of Fe. Aav. for FeisNy
and the exchange splitting. £X. consistent with the Al

M {4 g/Fe atom) E. Ry
265 (Ref 17) 0.143
2.47  (Ref. 18) 0.123
2.50  (Ref 19 0.127
239  (Ref. 3) 0.118
237  (Ref 19 0.117
227  (Ref 20) 0.109
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2B, FeisNe®D d/X> FiZ 5 % Bexchange splitting, Fx,
1L, Table 2 IZ RSN DFe DR T — A L 2B L,
FHEOITTTE— A > FOFHEBEASREINS.

A ORBRIZOWTIToBRE T A LE — K, (B
(r/2. p—E(0,0) OHEFERE, Fig 4 (IR, ZOED
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WE—N RZEBLDEBbN 5.
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%, a'-Fe-ClZxt3 HM. Takahashi b D EERFER 2B L
TATVY, B=0.109 Ry (~2.17 pp/Fe) & & ~ 7= L = EBR{HIZ
FVERNRE LN (%), a-FesCalZtd 3R AP
TRNVF—DRERFEND,
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Fig. 4 Calculated uniaxial anisotropy constant A% for
FeigNz vs. the number of electrons per unit cell. The
exchange splitting, £, is taken to be 0.107—0.150 Ry
(2.23 — 2.65 pp/Fe). Figures in parentheses denote
average magnetic moments in units of us/Fe. The arrow
indicates the number of electrons for FesNa.
Experimental values of AL for o”-Fe1sNz are denoted by
thick horizontal lines.
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Fig. 5 Calculated anisotropy energies for Fe1sN2z vs. the
number of electrons per unit cell. The exchange
splitting is taken to be 0.109 Ry.

4. F&®

Slater-Koster ® 2.$ £ U'Deegan® J5iE & BV CTEHE L
7 FersNe D AT L) 72 = 3 /L F — /3> K|Z, exchange
splitting, BB XA VEEMREEAEZEAL, AL
e @FTE, o N, c 8D /4 DI E AR
FeigNeD T A /NLF— R NEHE L. ZhERAVTHES
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VbR, EHBRTE— A POKE &L 2.25-2.29
us/Fe RELHERH SN 3.

(3) FersNeONZCIZBH L 7-Fe1sCoDBEIE, FE% 0.109
Ry (~2.17 pe/Fe)BBEIZ L B L, o -Fe-Clzxt+5M.
Takahashi & D EERE, £ (z/2, §— E(0, 0) = —0.510%
108 erg/em® (ZHTVMELEGE LS.

(4) N% CIZE®RT 2 LB TFEHT a @iz~ c BOMER
BRELS, COpBET & Fe D dETF & D mixing HNKE L
2378 Fe OF—A L MREAL, BAMZRALE—D
BENAIZRBEEZLND.

tH4k
(1) Fe,,OBIEIZ &I RLE—DFHY

—RICHEE I LT 2 L BT = AL X — B KT T 5.
IHEFALT, FeisNe® 2a% A kO pBEF#miNET
H7en 1,234t EXTHILIZEDZRLF—DTFRY %
HEL, ZOTHIBRKIIRAIETHE»ONOpEFHY
WETD. c BiHMIZ 1080eREDOHBE LML - REE L&
BAERRE & O 2L X —FElE, Fig. Al IZR&NB L H1IC
m= 3O/NOEETHKRKERSE., Lo TARHE T
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Fig. Al Calculated energy decrease resulting from the
application of a magnetic field of 108 Oe for FeisNa.
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RY. E7o M =24 pe/Fe & 725 B=0.119 Ry & A\ (3
BHEAN/-o—H/LE—A > MT, Table Al IZFREN5S. 7
B, INMLOE—A L MEIRESB AL SZLDLDTH
D, BLEOFSIIEFE IS
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fE%i%Table A2 (TR &N, NI LTV deth o b DT 4
VRSN, NS BIEWV 4dY A b L oA K, NIZ
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Fig. A2 Calculated average magnetic moment of Fe1sNz

as a function of the exchange splitting applied to the d
bands.

Table Al Calculated local moments of FeisNz in units
of us/Fe with the exchange splitting 0.119 Ry.

Site  Fe(de) TFe(8h) Fe(dd) N(2a) Av.
Moment  2.30 2.38 2.54 -0.12 2.40

BARIGHRSFSEE Vol 29, No. 38, 2005

Table A2 Atomic distances less than 4 A between
N and Fe atoms in FeiNa.

Atomic distance between N and Fe

1.95 A 2.02 A 3.26 A 374 A
No. of atoms 2 Kl 1 4
Site Je 8h 4d 8h

3) FeNORAUIRLF—DA Y aRas Y MMEEFH

FeisNe®d B 1L F— OFHEEIL, A v 2 2R A
Y MIF L TFig ABDO L DIZEILTH. A v adfif b
A#BZ0 116 H7= Y 550 @FRE Lid, BT 2L ¥—
DOFREIZA v 2 OBIURTE L2 2D 2 L5,

Expt: M. Takahashi ‘
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Fig. A3 Mesh point dependence of the calculated
anisotropy energy A for FeigNz. Exchange splitting
1s taken to be 0.109 Ry.
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Fig. A4 Calculated anisotropy constant Aj using the
atomic configurations proposed by Tanaka et al. The
arrow indicates the number of electrons for FeisNa.
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Table A3 Atomic configurations proposed by Tanaka ef a/. and those given by Jack.

Tanaka et al. Jack
Lattice constant a=5"72 A c=6.31A a=5"72A c=629A
Atom position +(0,0,0) +(1/2,1/2,1/2) +(0,0.0) +(1/2.1/2,1/2)
N(2a) 0.0,0 N(2a) 0,0,0
Fe(4e) 0,0,z 00,z Fe(4e) 0.0,z 00z
Fe(8h) x,x,0 ‘x,x,0 x,-x.0 -x,-x,0 Fe(8h) ¥,x.0 ‘x,x,0 x,-x,0 ‘x,-x.0
Fe(4d) 0,1/2,1/4 1/2,0,1/4 Fe(4d) 0,1/2,1/4 1/2,0,1/4

Position parameter Fe(4e) with z = 0.303
Fe(8h) with x =0.220

Fe(4e) with z = 0.31
Fe(8h) with x = 0.25

(4) H. TanakasDFe, N, DR FEEEREH T RILY—

Tanaka 5238 —~FE AL FHEIZESWEFT %
X —DOHEE 5, FesNae® 8his LR de¥ 1  DFelEF
DALEHNIJackD b D LI TbTFNIIRR AR FEELIRE
L72(Table A3) . & Z T OMAME L&+ EHa =572
A =631 A BLUOEHERE— A b 2.20 pp/Feix M
WTRFHEZ RN F—DHE AT\, M. Takahashi®> DE
BREAL L 21T o7, Fig. A4 ITRT IO IZERED—
BixdbEY B< 20 RIZE=0.105 Ry(~=2.0 ps/Fe) & & 5
LHEERIIKO L S ICEREIZESL.

(5) Fe, C,PREEITRNLF—IZDLT

M. Takahashi S ENZ CCERR L7 o -Fe-Clzxt L TF
HRZRBESRIE 24TV, IR T — A > b May = 2.1 ps/Fe,
HEAMERMN=—7.0X10° erg/lcm?, Nz= 6.5X10° erg/cm?
215729 . ThoORERIT o "FeisC2DIHHTIIRAL DT
HAHIN, BYREMBWDITARVIVEREL, HOHOFKER
EBRL CFeicCeODRGMET XN F—OFHBELITo72. #
REERME &£ ICFig A5 TR T. 22 T=0.108-0.109
Ry(~2.17 up/Fe)f2E iz L NE, BHMT 3L ¥~ 3 5D
ERFERITEM L Z &M nhD.

ZOME T, FewsNeDIEFIEL & te~3c B M OHE
BREL, CeFeDIRFMEREN FersNe L /&< 2257
®(Table A4), p-dmixinglIL VB RATHA . O
FERAN FRENILDVRBEENT DD, E—A b
PhELRY, MITAICRDEEZLND.
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e Expt.: M.
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—a— Calc.: Ex=
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Fig. A5 Calculated anisotropy constant. /wu of FeisCs for
the exchange splitting, 0.108Ry~0.110Ry (2.17~2.19 ps/
Fe). The arrow indicates the no. of electrons for Fei16Cz.
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Table A4 Atomic distances less than 4 A between C and
Fe atoms in Fe6Co.

Atomic distance between C and Fe

1.92 A 2.00 A 3.22 A 3.68 A
No. of atoms 2 4 4 4
Site e 8h 4d 8h

WME ABIELITOICHIZY, EBRERIIOWVWTO IEHTE
CERREBERY VX E L, RALKRFERFR TR
BloEig oF #fzh b5 ONIEAR BBIE #3123 < By
FLET. 72, BHMEROERMEIZOWVTEEIZE X
TF & o= FALRFRFPE LFEMHER, IR0 ZEK Fo
T RICE<HLEL BiFET.
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