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Burke-Ernzerhoff (PBE) JE# Hik i B 7 55 i
To M TESE: Fe: 3d4s’. Pt: 5d%6s'. Bi: 6s%6p°
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W BB HEFIH B . R A 32 AT 1) 2>@>2 it i
MRERSTHE T L, IS5 M, ST Mm R/ e 3R

SIAIE. RAA SIS AL T HA (ATAT) B2
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Kl 1 FePtBi it
Fig.1 Calculation model of FePtBi
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Table 1 Bi substituted atom coordinates
Lattice vector Concentration of Bi, xgi/at% Substituted atom Atom coordinate
3.125 1Fe (0.5,0.5,0.5)
3.125 1Pt (0.5,0.5,0.5)
6.25 2Fe (nearest) (0.25,0.25,0.5) (0.5,0.5,0.5)
21:{328}‘5‘ 6.25 2Fe (far) (0,0,0) (0.5,0.5,0.5)
ci=[0:0:2]c 6.25 1FelPt (nearest) (0.25,0.5,0.25) (0.5,0.5,0.5)
6.25 1FelPt (far) (0.5,0.5,0.5) (0.25,0,0.75)
6.25 2Pt (nearest) (0.25,0.5,0.25) (0.5,0.75,0.25)
6.25 2Pt (far) (0.25,0.5,0.25) (0.75,0,0.75)
/%E"]ﬁlé%’ Hiose %%ﬁgﬁﬁ¥ﬁq1£#ﬁ7 Hx %TZ}%%JE ~ EZ?ns]—Eft‘l,?n (6)
TR, X BT R 2 g 8 2 A8 E P fk ¢ As,

AR T IR .

BB EERARTEMNEEFRZ —,
A LLE AR 2 AR B EAE G BF R, SRR
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HP, pres pec MR Fe R Pt BRI o 55 B
Prept & FePt (1) HL A 2 JiE o
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He, m BIAREHAE, BRI R T s V
e R E AR . g BTHE TR

eh
He 47m,
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SQS & AN PS5 AR, L1 T8k T/ K
JSAEE R o AT LRSS — PR IR B B 22 s PR (DFT)
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ideal
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2.1 BRI EM

Bi 7% Llo-FePt Z5H 0105 H diks o s -3
2, HAa. by c SHIAEEER, av By A
M, V FIAVIV 53 505 i B R FRURD &t P g A2 . 3
kB4 Bi 1 Llo-FePt §i4% % % a=0.386 nm,
¢=0.376 nm, c/a=0.97, 5350 (E AR T H A AT
4 (a=0.386 nm, ¢=0.372 nm, c/a=0.96; a=0.387 nm,
¢=0.377 nm, c¢/a=0.97)", X il iZ it E S H Mt
HERMERESEN. WK 2 LERBAEE
fn M B O B, AR A S SR IR A 1 R 2 R AR AR
1%kt IESERSLBHEFEFRE. B B Fe
BLI) AR AR KT B e Pt AL SRR AR, X2 A
Bi i 715 Fe iy BIME R ZEHELERT Bi i1

£ 2 $57Z¢ Bi ¥ FePt A E ST

Table 2 Influence of doping Bi on FePt lattice parameters

Substituted

atom a/<10nm  b/<10" nm  ¢/>x10" nm cla  V/X10%nm® AVIV,% /(9  BI(O y1(9

Pure 3.86 3.86 3.76 0.97 451.00 0.64 90.00 90.00  90.00

1Fe 3.89 3.89 3.81 0.98 462.00 2.07 90.00  90.00  90.00

1Pt 3.89 3.89 3.81 0.98 457.29 3.13 90.00  90.00  90.00

2Fe (nearest) 3.92 3.92 3.85 0.97 476.00 6.25 90.00 89.83  90.00
2Fe (far) 3.92 3.92 3.86 0.98 474.94 6.01 90.00  90.00  90.00
1FelPt (nearest) 3.87 3.87 3.76 0.97 467.00 4.25 90.00 90.00  90.00
1FelPt (far) 3.91 3.90 3.86 0.99 471.50 5.24 90.00 89.50  90.00
2Pt (nearest) 3.89 3.89 3.84 0.99 465.09 3.81 90.00 90.00  89.62
2Pt (far) 3.88 3.88 3.86 0.99 466.98 4.23 90.00 90.00  90.00
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A, B Fe R TATRMAEE ML, XE BIiJETE
BHEBA Fe RFHIERN . HIE 3¢ 1 3d AT LLE H 58
LA Pt JEFZAN(010)H K AT 446, B 3g
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Fig.2 Substitution formation energy (Eqer) of doped Bi
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» aor e

Kl 3 57k Bi X FePt 2243 Hi far %5 J5E 1) 5% 1
Fig.3 Influence of doping Bi on differential charge density of FePt: (a) FeisPtis (001) Fe layer, (b) FeisPtis (010) Fe layer,
(c) FeigPtis (001) Pt layer, (d) FeisPtis (010) Pt layer, (e) FeisBiPtig (001) Fe layer, (f) FeisBiPtig (010) Fe layer,
(g) Fe1sBiPtis (001) Pt layer, and (h) FeisBiPtys (010) Pt layer as the center
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THFEE Z IR =l Bi T & Pt 512815 I A, 1100450 kA/m) M7 &1). 454 Bi JR T FePt 45k
Uk Pt ALEI B R RE B, XS5 2 FEMER EAEMERS RS 4 FePt 90Kk E &M R HIHEE

AE A& RARTT PEREEAT T LB, RIL Bi Ji 1 B 4 Fe J5 -1 Mt A0
2.2 WK SR FEANBEFE AR, Fe JRT /2 FePt W hPhi) I 2k

WIS R] L1y-FePt 4524 Bi 2 J5ik & i Po BEE 2 RN Bi RFHBRIREN 6.25%
WAL EE (Mg) W3R 3 fizn. Hp L1y-FePt 1 Al I, Bi )BT T 15 FePt fuks N B 4. N Bi FET
WAk 5N 1091.03 KA/m, H5z36{H (1125360, AR AR XURE AL Fe BT, 58K &AM FRE AL o8

£ 3 B2 Bi X FePt AN RENEIN

Table 3 Influence of doping Bi on the saturation magnetization M of FePt

Substituted atom m/us V/<107° nm? Mo/kA m™
Pure 52.73 448.00 1091.03
1Fe 49.88 461.70 1001.58
1Pt 51.94 457.29 1053.23
2Fe (nearest) 46.25 476.01 900.77
2Fe (far) 46.32 474,94 904.17
1FelPt (nearest) 48.57 466.55 965.14
1FelPt (far) 48.75 471.50 958.55
2Pt (nearest) 51.01 465.09 1016.81
2Pt (far) 50.74 466.98 1007.33
60 60 60 —
B Up spin :::}:I a Up spin ::ztzl b Up spin —:s-tsl ¢
S 407 Pt-d 407 —Ptd 407 —;1:(1
K i B
2 20 20} ¢ 20 1
n 1Fe
< 0 0 tas 0 e
2
2 20 20 b 20} R
[
© 40} _ 40} _ 40t ,
Down spin Down spin Down spin
_ NN N , N N 1) | ——— P
-10-8 6 4 2 0 2 4 6 8 108 6 42 0 2 4 6 8 -10-8-6-4-220 2 4 6 8
60 ) —Total ¢ 60 . —— Total ¢ 60 ) —Total  §
. Up spin — Fed Up spin —Fed Up spin — Fed
> 4 ——Ptd 401 Pt-d 401 —Ptd
E L Bi + 2Fe-f? Bi o lFﬁnE’Aresr
(% 20 2Fe-nearest 20 20
5 0 0 0
>
s 20t -20 -20
a
—40} ) —40+ ) —40+ )
Down spin Down spin Down spin
_ N R _ M M 60 L N
6910 -8 -6 4 -2 0 2 4 6 8 6910 8 6 -4-2 02 4 6 8 -10-8-6-4-20 2 4 6 8
60 p—— g 60 Total h 60 —— Total i
Up spin —— Fe-d i Up spin - Eted Up spin —Fed
401 7;‘ d 40 N 401 7‘8‘{“

20F 1FelPt-far 20F 2Pt-nearest 20t 2Pt-far
e 0 - 0 s

20t WW —20¢ 20}

_40} —40t —40}

Down spin Down spin Down spin

Density of State/eV
o

_ P —— P — P —— P —60 PSS S S
O e e T 30 2 46 8 0 s 6 420 2 4658 Y08 64202 468
E-EfeV E-E/eV E-EfeV
4 5% Bi Xf FePt i 745 % [F 1 RS
Fig.4 Influence of doping Bi on density of state of FePt: (a) undoped, (b) 1Fe, (c) 1Pt, (d) 2Fe-nearest, (e) 2Fe-far, (f) 1FelPt-

nearest, (g) 1FelPt-far, (h) 2Pt-nearest, and (i) 2Pt-far
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FERRAEZE 900.77 KA/m, XA Bi J&HT2&IJEREME
[ Fe JRF2uMER T, Bi R FHUR Fe [R5
BN R R P A WL FE, R Bi HUAR Fe M AN AL,
SR LLHUAR Pt LRI RE AL R R . W] 4a 2B
AT FePt ML TA%EK, FePt MRS HE FIERE
H Fe-3d #LiE 1 Pt-5d #UIE W DTk, T #1058 EE vT LA
SE SN B E ) _E SR A e R A 2 TR AR
Iy FES, FERKREYLLLE Fe-3d HUBE XA 2 R T
MR K. Fe ik T itk b1 3d T HUE Al Pt
JE T 5d HLFHUIE (1 B A R A G AR R A
FAVE R, SRR FRME RN e USRS AR e T
FePt L5 1 v (K1 B 5 4% 170 S Mk A (K~ 7108 /m?)[#71,
Kl 4b F1 4c 5302 Bi U Fe 4 A A1 Pt A& AL A%
FEE, K 4b 7EZROKAES LA B Fe-3d Ui (1) U6 55 A%
A, X2 Bi JRTHUL Fe JR T A R Fe i, fHifk
ZIREE . T 4d~4i XTECET RN, BEE B 4K
FEHRE, Bi JRTAEEUL Fe J5 T Fe-3d #LiE i o8
AN, BOHIZET G, Ed X E 4c FIE
da KIL, 4 Bi JETBIRTE PtARALI X FePt [ &Ll
TAEEJLVFEA vEk, Kk Bi J IR Pt R X
FePt REME JL-F- 1 H 5200
2.3 BFHTRE

5 Won T BIARNTMB ARG FePt A 7 AL
JE(To), Llo-FePt (A 7842 0y 1600.09 K 57
Wits i 1650 KM fszghE 1573 KM A. B
I Bi [RF 2 )5 FePt INF 746 A0 iR B 3 PR, Hrp
AR E RGN 623.32 K. 24 Bi BKEN
3.125%lt}, Bi JR 1 & Fe T Pt JR FHIH P
AR EE 43 39 1028.55 A1 1098.04 K, Bi Jii 7B Fe
JEF A P AR R AR, 7R IR R A PR R
FEF¥ME A 1063.30 K. 24 Bi 572 N 6.25%H,
R FH#AZRE N 950.23 K, Bi JETF#H2
WM 3.125% 38 &= 2] 6.25% 0, £ FF 5% 48 I M
1063.30 K F#fK %] 950.23 K, 5 7455 B FEA% T
113.07 K, A 7 5722 I B B A5 15 4% 9 B 00 FF v i P
o I ARAL ) AR iR B 34{E N 835.78 K, AR
A 35 A 35 B P 4{E O 1064.68 K, Bi JETEURIE

AL A A2 i FE L AR A 1K 228.90 Ko HHE AT I
BN B B AR EXE 7 AR R MR 5K, Bi
Ji - BRI AR AL B AR e A% Ui 88 1) A0 B B R

LHEWRTLT &8 K EA TR, SANLHIE
JEiE i REMH . FePt (A FALEREUK I T2
REALH 3 S Fe JEFR PR FIETR M B, e
AR EE O PR 22 FePt F )7 AL E 2 )y
R, Ik 4 R 2B 4R Bi X Fe 267 Pt KA
(RI52i, K4B2% Bi Ji T FePt v Fe JE TS AR AE A
48.0 meV/atom, Pt 51 1)7E A7 JE HiRE 9 72.4 meV/atom,
A ShulSI i B 1 45 S5 & 15 IR 15 (Fe 25 B i Bt
45.3 meV/atom, Pt 47 fkAE 70.3 meV/atom). 24 Bi
JR T #B R EAE Fe 7 B R, Fe =47 K EEMN
48.0 meV/atom [#K#] 23.5 meV/atom, Pt %547 fF kA
M 72.4 meV/atom [E{KF] 39.8 meV/atom. 4 Bi J5iT
%2 3 FePt fnt% T, W LMEHE Fe ZSALAT Pt 247
IR, $ew FePt IS AR . TALMAAEER T Fe
JRFA Pt Ry RO B R KRR E AT . Bi R T
HA RS T RE AR [ V5 B2 i i, SR By T 1) FePt
(MEETH, #E—DAE FePt duig NHIEA T KERTAL, #
A TR 1, TR FePt 43 17 46 A0 iR g Bl

Substituted Atoms

5 $£2% Bi X FePt A /5 AL IR L #5208
Fig.5 Influence of doping Bi on the order transition

temperature (To) of FePt

R4 B2 Bi X FePt =HIF R BERI RN

Table 4 Influence of doping Bi on vacancy formation energy of FePt

Substituted atom 1Fe 1Pt 2Fe

2Fe 1FelPt 1FelPt 2Pt 2Pt

(nearest) (far) (nearest) (far) (nearest) (far)
vac-Pt/meV atom™ 60.72 96.22 39.78 54.44 30.56 54.69 81.44 72.91
vac-Fe/meV atom™ 26.39 27.76 23.45 26.08 28.11 23.95 37.58 27.36
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. Letters[J], 1990, 65(3): 353
3 & g

1) Bi i FHUR Fe Ji 7 19 8 AL B BE LLHUAR Pt &
THIBAE A ER, I H Bi JRFHUC Pt R FHAT
AL IR Fe JR T 1 HELA 2 AR TR, Rk
Bi 52« T 548 Llo-FePt v Fe iz, MUALHUALHY
BT Bi ETFHEAED GRILAAL, FEHEB IR
P2 1 15 2 A1 R R PR

2) Bi JR & Fe Ji [ ARG A 5 5 R0 B
ik, Fe JRT A& FePt it EERIE, Bi R THA
1E PtA% LR FePt f 7 A0 Rk Ak, i P25 3 A K R 0

3) L1y-FePt I P46 A8 % 1600 K, 4 Bi 5%
WEN 3.125% 1, FePt M 7 % A FE KN
1028.55 K, Bi Ji 7 5 Fe ¥ArLt Pt 441 HH FE i
B EEM. X Bi R FRELARRKBRKE
6.25%M), A AR E RN 623.32 K, IT4BALH)
A A B AR AR, AT R AR R E N B
FR R RE. EERKNZ Bi tRBFMIKT
FePt MM i RE, $2m FePt MU ALiREE, SO0
BT RO EHE, S A HLE R T AR R
o L, 28 =I0E Bi B 4E| FePt KA T AL IR
FERA g te, HAERS O IRIE R4 R 5.
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Study on Ordering Transition of L1y-FePt Promoted by Doping
Bi with First Principles

Liu Chuanzhi', Zhao Dong', Wang Qunshou®, Zheng Jian®, Meng Xiangying?, Xu Min*, Pei Wenli*
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. College of Sciences, Northeastern University, Shenyang 110819, China)

Abstract: Doping the third element is an important method to promote ordering transition of FePt and reduce the ordering
transition temperature. Bi can greatly reduce the ordering transition temperature and directly synthesize highly ordered FePt
nanoparticles at low temperature, but the mechanism of Bi promoting FePt ordering and the role in ordering transition remain a
challenge. Therefore, this work investigated the effects of Bi element on the lattice constant, formation energy, differential charge
density, saturation magnetization and ordering transition temperature of FePt with the first principle density functional theory. The
results show that the substitution formation energy of Bi atom replacing Fe atom is lower than that of Pt atom. Bi atom is easier to
replace Fe atom. The substitution formation energy of Bi atoms replacing near neighbors is lower than that of far neighbors. Bi
atoms tend to aggregate in the lattice. Fe atoms are the main source of magnetism in FePt systems, and Bi atoms have little effect
on the electronic structure and magnetic properties of FePt at the Pt lattice site. The ordering transition temperature of FePt is
significantly reduced after the doping of Bi element. The lowest ordering transition temperature of the FePt system is 623.32 K
under double-site substitution. The doping position has greater influence on the ordering transition temperature than the doping
concentration. The vacancy mechanism plays a leading role in the ordering transition. Bi element reduces the vacancy formation
energy of FePt, increases the vacancy concentration of Fe and Pt atoms in the system, and promotes the diffusion and migration of
Fe and Pt atoms, so as to promote the ordering transition of FePt.
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