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First principles of magnetic microcosmic mechanism for
Ni:MnGa Heusler alloy
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Abstract: Structure parameters, magnetic moments, tetragonal distortions and magnetic microcosmic mechanisms
of single crystal NoMnGa Heusler alloy were studied by the vienna abinitio simulation package (VASP). The re-
sults show that the structure parameters and magnetic moments agree well with the available experimental data and
are better than the local spin density approximation (LSDA) method results compared with the available experiment
data and other theoretical values. By analyzing tetragonal distortions, there exists a sharp minimum value near ¢/ a=

1 and a local maximum value at ¢/a=0. 94, and this maximum value corresponds to a stable martensitic phase. In
addition, the variation of the total magnetic moment with ¢/ a is mainly due to the contribution of Ni atoms because
the total magnetic moment is almost equally contributed by two Ni atoms of per formula unit, while the contribution
of Mn atom is very small. By analyzing the total state density (DOS) of alloy, the state densities of major peaks at
the majority spin states are below the Fermilevel. At the minority spin states, the two major peaks are separated by
the Fermi level, which is the characteristic of stability for ferromagnetic ordered alloys. The magnetism of Ni2MnGa
alloy mainly originates from Mn atom, and the Mn moment in NixMnGa originates from its de, and & ta sub-

bands, which agrees with the experimental results.
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Fig. 1 Heusler structure of
fce L2 phase for NizMnGa

(Black, gray and white circles represent

Ni, Mn, and Ga atoms, respectively)
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Table 1 Theoretical and experimental
lattice constant, total moment and

spln magnetic moment

Present Other theoretical ~ Experimental
Parameter @
value value value
Lattice 0.581(FLAPW-GGA) ©
constant/ 0.5799 0.5773(GGA) @ 0.5822
nm 0.5683(LSDA) ©
T"‘alt/ 4.09( FLAPW-GGA) @
E“QOI;;ZX 4.03 4.22(GGA) @ 4.17
. ®
10°% A« m?) 3.92(LSDA)
m:fzzﬁc 0. 323(Ni) 0. 37(Ni) 0. 24( Ni)
moilent/ 3.346(Mn) 3.36(Mn) 2.74(Mn)
(9. 274 (FLAPW-GGA) @
; - 0.07 - 0. - 0.01
1072 A+ m?) 0.073( Ga) 0. 04( Ga) 0.013(Ga)

* —(@O—Ref.[14]; @—Ref.[15]; @—Ref.[16]; @—Ref.[6].

MR 1 ATE W, A5 v S5 s BRI
55 Ayuela "™ Fl Godlevsky 25" {1 A 45 LA
—3%, {H Bungaro 55" 7 R HI I B JiE % FE I A7
SAE /DT A B SR H AR SCER 1) v 8, T Bune
garo SFMITHE X S F R FRIMAH EEH XA T
KX #% #¢( atomic sphere approximation, ASA),
XFRER G X AR A BRI VR, i A B 98 A0 ST
BR[ 14, 151KM T GGA J5ik, KRIHRM ASA J5ik
i385 BN T GCGA Tk &5 2R, X5 3CHR[ 17]
GRIEAR — 2, J14b, BREETE G  Ni:MnGa
PEFZRYE T Mn J7 7, AN Ni &3R4t 720
ERWE, AR T Ga JRT, B RN, X



FASHEE 11

RER, % Heusler 54 NioMnGa BETHEOW AT 1 58— JR 7

* 1845 -

LR 5 S A R AT

2.2 VAR

L [GAARAH A& — PR AH, fE4ext FREME, &
[ ae RAK T iR A RE = . AN SCYEE W B9 A DY 7 &5
5 L2 gERATE, AR F R dn iR i)
EIRAAR, BUYERF L2, G5t 4R . SR R A4
VU5, B RERE o/ a WAk T A AR AH N AR 4L,
HXRWE 2 rom. 728 2 g x 0 —4
o/a> 1 WIAE S KA, XH5LEERMMFE, H
WD KAK o/ a BIMEZAA 1. 24, 55256 WSS HIX
FhAE R H D A o/ a BIE( R 1. 18) FA7E W ZE . (BXE
WHEPEE RIS —A /a< 1 FFE D KA,
XA g5t ELEFTERRREAZER. BT
Ni:MnGaf &7 &K 4 D A4 A2 I [R] I 4 Bl 44
s, HIA S58 0w 85 W A7 AE IR 5 2540 1 il A
JRF R HEA O

0.10

0.08

T

0.06 |

0.04

AFfeV

0.02 -

0 \QI‘%W
~0.02 - }Qﬁlr\QX&n‘*~*fﬂ////

B2 AAFROREF AR S B2 (X T L21 S54)
5/ a IKHR
Fig. 2 Relationship between totalenergy
difference ( AE) and ¢/a at constant volume

(corresponding to L2: phase)
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