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Fig. 1. Variation of a-Fe magnetic moment (M) and energy increment (AE) induced by tension, compression and shear strain: (a) Model

of a-Fe 2 x 2 x 2 supercell under tensile, compressive and shear strain; (b) Change of magnetic moment; (¢) Increment of energy.
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Fig. 2. Effect of doping elements on magnetic properties of the a-Fe system: (a) 2 x 2 x 2 supercell structure and supercell struc-

ture doped with one or two atoms; (b) Energy increments (AE)under different types of strain; (¢) Change of magnetic moment un-

der different types of strain.
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Fig. 3. Band structure diagram of a-Fe under tensile, compression and shear strain: (a) Initial state; (b) 5% tensile strain; (c¢) 5%

compressive strain; (d) 5% shear strain.
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Fig. 5. Variation of atomic magnetic moment with the three different types of strain loading (Tensile, compression and shear strain)

for C- and Mn-doped systems.
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fet. EARMYEME T S SRR A E B VIR, A # A2 TS o-Fe BAREE R R IRBURBEAE
Table A2.  The lattice constant, atomic volume,

BHRIEL N B — 0.5 TS RARAHE RURTH 191 2 B e fE.

N1 R A e AR FIAR BRSSP PTRRAS B AR X R E
P, W TP T BAA R B RERE, LT ATER L
A€ AE = Es — Ens. JirP Eg 1 Ens 73500 A BER AR ZSFIE

and magnetic moment of equilibrium a-Fe(BCC).

Lattice Atomic Magnetic
constant/volume/  moment/
A A3 (pup-atom~1)

Structural properties
of a-Fe (BCC)

. ) o i P sults 2833  11.36 2.17
FIERACARES T B2 R RIORERL. F1HERILAE H 3145 R resent resuls

% AL BN A REEENE, FE01 RGEHY FTERR AL Referonce results 18 L8 2a7

el AR S R B4 285 1133 27

Experimental  139) 287 1178 2.22

AL P o-Fe MBIKR M A e L AE results [36]  2.866  11.77 2.12

Table Al. Spin polarization energy of equilibrium o-Fe

BCC) and doping systems.

( ) and doping systems 19 %
Energy state Fe(bce) Fe-C(1) Fe-C(2) Fe-Mn g By N Y P
spin-polarized —862.9295-818.6694 —774.3459 -987.8903 . </_ — INLA / .

non-spin-polarized —862.4899 —-818.5050 —774.3104 —987.8903 % 4-/

AFE -0.4396 -0.1644 -0.0355 -1x10° %ﬂ 01 »
= , T 2R § /\:
y ] Y
4 A2 Sl T TS a-Fe B R HC BT HORAIRG N //§ LA N
FERTTRRZE AL, 530k [34]) 85 RO Re—2, UEM TASGHE
i . e e o G XM G ZRA ZX RM A
AR, o T A R b R A A TS T Y
IERRYE, THE T U5 & (TET)SnO, FYREHFS5H, i HLIK A2 SnO, fEH 1

XA R FR AR EICA T (0, 0, 0) — X(0, 1/2,0) — M(1/2,

Fig. A2. SnO, band structure diagram.

F A3 AFERAEER T a-Fe (AR R FGERE L
Table A3.  The magnetic moments and energies of a-Fe under different types of strain.
Tensile strain Compressive strain Shear strain
Strain Magnetic mozx;ent / Energy/ Magnetic moirient / Energy/ Magnetic mozrllent / Energy/
(pp-atom—1) eV (ps-atom—1) eV (pp-atom—1) eV
1% 2.1133 —862.9176 2.1121 -862.9178 2.1150 -862.9175
2% 2.1168 —862.9157 2.1114 —-862.9163 2.1265 -862.9152
3% 2.1294 -862.9125 2.1116 -862.9157 2.1498 -862.9112
4% 2.1303 -862.9105 2.1121 -862.9126 2.1878 -862.9063
5% 2.1549 —862.9081 2.1135 —862.9097 2.2195 -862.9006
F AL ERAFREME RN BRI RGER WL (V)
Table A4.  Variation of the energy in doping systems under three different types of strain loading (eV).
) Tensile strain Compressive strain Shear strain
Strain Fe-C(1) Fe-C(2) Fe-Mn Fe-C(1) Fe-C(2) Fe-Mn Fe-C(1) Fe-C(2) Fe-Mn
1% 818.5083 774.3584 987.8857 818.5039 774.3536 987.9533 818.5257 774.3450 987.9536
2% 818.5077 774.3543 987.8845 818.4965 774.3507 987.9679 818.5245 774.3420 987.9504
3% —818.5016 ~ —774.3457  —987.8827 —818.4882  —774.3469  —987.9711 —818.5186  —774.3372  —987.9446
4% -818.5009  —774.3446  —987.8799 -818.4794  —774.3454  —987.9652 —-818.5097  —774.3307  —987.9367
5% -818.4967  —774.3398  —987.8762 —-818.4723  -T74.3425  —987.9569 -818.5026  —774.3223  —987.9267
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F A5 RFEIRAE A TR R R A2k
Table A5.  Variation of the total magnetic moment of doping systems under different strain states (up) .
Tensile strain Compressive strain Shear strain
Strain
Fe-C(1) Fe-C(2) Fe-Mn Fe-C(1) Fe-C(2) Fe-Mn Fe-C(1) Fe-C(2) Fe-Mn
1% 2.0433 1.9800 2.1084 2.0031 1.9753 1.9925 2.0299 1.9762 1.9959
2% 2.0887 1.9843 2.1142 1.9645 1.9693 2.1004 2.0242 1.9768 1.9974
3% 2.0887 1.9856 2.1226 1.9175 1.9694 2.1152 1.9566 1.9798 2.0006
4% 2.0927 1.9880 2.1255 1.8791 1.9642 2.1248 1.9564 1.9847 2.0037
5% 2.0952 1.9894 2.1343 1.8573 1.9436 2.1327 1.9444 1.9905 2.0118
(a) 2.0 (b) 1.0 yr—rrT T (@) 10 (d) 1.0
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Fig. A3. Band structure of a-Fe and its C- and Mn-doped systems without strain: (a) a-Fe; (b) Fe-C(1); (c) Fe-C(2); (d) Fe-Mn.
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Abstract

Magnetic non-destructive testing technology is widely used to detect stresses and defects in ferromagnetic
materials based on the magneto-mechanical coupling effect. In the existing studies, calculated are the magnetic
moment variations of the a-Fe system under axial tension and compression by using first-principles study, and
the magneto-mechanical coupling mechanism is preliminarily discussed at an atomic level for the magnetic
testing technology. In this work, taking the more complex doping systems Fe-C and Fe-Mn for examples, under
different loading conditions of tension, compression and shearing, the coupling mechanisms such as the magnetic
moment changes in different types of atomic doping systems are discussed in detail. The results show that the
a-Fe and doping systems follow different changing laws of magnetic moments and energy under different types
of strains. The detailed analyses of the density of states, the band structure, and the atomic magnetic moment
show that doping elements change the morphology of band structure and the peak value of density of states by
affecting the magnetic moment of Fe atoms, which leads the changing laws of magnetic moment and energy to
be different from each other. In this work, discussed are the magneto-mechanical effects on the atomic level for
ferromagnetic materials with different loading types, different doping elements and different element content.
The results can be used as an important part of the multi-field coupling mechanism for magnetic testing

technology.
Keywords: metal magnetic memory, testing mechanism, a-Fe doping systems, strain effect, magnetic moment
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