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Fig. 1. Test for the selection of Uy values of Pt°FesN.
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Fig. 2. Crystal structure of (a) Fe;N and (b) Pt“Fe3N.

100702-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 10 (2026)

100702

3.2 BhhFEMPHhFRENE

FH I 3(a) H Y T AT, R A B X
TEFEIN, BTA R 235 1B, R B BRI, %
U] PteFe;N EA 8l )2 fa e e 1249 a5 Rt it
BRSSP IR SRR S5 R E5 A &
ke, Br—EEEE 3(b) 4T, 300 K HHIRSMF T,
AR BAERTE 0—10000 fs AURTLIIT K Y2 #TE
kT AR, AR B 1 A T RS ol R AR
%, XKW PtFe;,N HA I 228208 M, i EA
FHEAE RS 25 2E AR 30 T i fe . R,
PtFesN 7E 8l J1 2 FFA Ty 25 07 T R B R4
FE .

R A KA k. 78 SOC MREH 1
i BLH X 45 T R I AR L (020 A R3S AR — 3. BT
PIA THEFX] H PtFesN 5 FeyN, SRFIA%E SOC
) e AL T A BB HEAT 438, 18] 4(b), () 2
T PtFesN Fl Fe,N {9 H Jié 7] L F1 H g~ fg
WH A MEN. 7 LLEH], PtFesN Fil Fe,N Fiff
/N B R AL B BEHT 28 1 SR oK gL, RWITTAT]
HAERER. 1A, AlEn LM ATER T iRed
FEAKIFRIY), FEHIX A R AR ELA R

3.3.2  BiAEA A AREE

W T A%IE SOC B PtFey,N 5 Fe,N
PR B REE 22 5%, 26 1 25 T PteFesN BYFIH
b S B ER T R AL G R RN L IERR fL 2. PteFesN

3.3 HEFEHMEwFER B SR FER 8.18up, Hirh Fe By % 4 & 2.58up,
N il Pt B9 J5 R4 58 43 ) & 0.02up A1 0.42up, Ui
3.3.1 # W

83| Pt R HA BE W SOC %, T
S — PR R AR T % 18 SOC SN [ REHT 2514,
WE 4(a) Fizs. FEAFHSE T, BEAY RN ATEAE 2 il
R . SR BN, A SOC J& PtFesN

B N Al Pt B R TR HE7E PteFesN A9 B REH H
FLEAIK, Fe MR T-REFEXT PteFe,N B REFEAE 32
Fotik. B2 Pt IR T2 )5, Fe,N BIREFM 9.91up
W/NE] 8.18up. Pt ¥ I BLAE N 0.42up, Bl W/
F Fey (2.95up) R FHIRERE. —MEIEOLT, BEER/IN

(a) 20

—1020

(b)

o A/\/\/\/\/\/\/\NW\N\/\/\’V’MW‘;‘NW\W’W

—1060
0

Frequency/THz
= [
o I

Energy/eV

ot
T

4000 6000 8000

Time/fs

2000 10000

B3 PteFe,N 1 (a) 75 T3 (b) 5 A RHL o 7 b s B 4k B I ] £ 25 £l

Fig. 3. (a) Phonon spectrum and (b) the variation of total energy with time during the dynamic simulation process of Pt‘Fe;N.
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Fig. 4. (a) Comparison of the band structures of Pt‘FesN with and without SOC; the energy band structure of (b) Pt‘FesN and
(c) FeyN without SOC.
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Table 1. Magnetic moments (units: ) and spin polarizability of Pt°FesN and other anti-perovskite nitrides.
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Table 2.
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Charge transfer characteristics of Pt‘FesN and

indicate electron gain, while negative values indicate elec-

tron loss.
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Fig. 5. The total DOS of (a) Pt°FesN and (e) Fe,N; the projected DOS of (b) N, (¢) Fey and (d) Pt atoms in Pt°FesN; the projec-

ted DOS of (f) N, (g) Fey and (h) Fer atoms in Fe,N.
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Fig. 6. Charge density difference plots of (a) Pt‘Fe;N and (b) Fe,N. Cyan region represents the charge depletion, and yellow region

represents the charge accumulation.
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Fig. 7. (a) Spin-polarized projected DOS of PtFe3N along the zaxis with SOC; the projected density of states of d-orbit (b) Pt,
(c) spin-polarized projected DOS of Pt d-orbitals along the zaxis with SOC.
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Fig. 8. (a) The total and atom-resolved MCA of Pt‘FesN, (b) the orbital-resolved MCA of Fey,, and (¢) Feyp of PtFe3N; (d) the
total MCA and atom-resolved MCA of Fe,N, (e) the orbital-resolved MCA of Fejj, and (f) Fejp of Fe,N.
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ovskite nitrides (units of MCA is J/cm?).
PtFesN  Fe,N  Ga‘MngNB2  FeeMnsNF
MCA -0.003 0.029 -0.022 —-0.100
4 g ‘V{’}

ASCRHSFE—EIFETR, REHRTE T PtFesN
() L 25 A0 SR V. PteFe,N S BT 7 A 4k
W RIZER, FAR RO 3.856 A. A TIERISTEh 1
SR SE R PteFe,N 7E3) J12¢ 5124 2 1
¥R Rk E v, REAF S R ER W, PtFe;N B4
SIRFEEMANE. RAEESE Pt R T HARKW
SOC 1R, (HX} PteFeyN 1) RE 45 k) I K i i
W, 8 R % & SOC B, PteFe;N 14 £ A G4
9 8.18up, Hid Fey Al Pt AYJEFREH /5310 2.58u;
F10.42up, Fe iy ELREMHRIE; %8 SOC )5, 1k
RIS 8.4Tug, IXIET Fey 5 Pt 43l 4
0.06up F1 0.14up MFLERERE . PtFesN (KR rhiR Y
SOC fiif Pt JiT Y d FLBREG AL T ATEEF A,
N Pt P 7= A T HUITE G, X R R R Y
SOC Xt B AT A0 ZALIA5E M. HAh, PteFesN
f) A BEM AL R-70.4%, LA E BER R HL 70 3, 44
XHESEREAR FeyN(-47.9%) 19 1.47 £, )\ MCA ]
DIEH], Pt JEF B2 PtFesN AR M FeyN
) IMA(0.029 J/cm?) % Sk 5y il 38 B F B 1 79
PMA(-0.003 J/cm?). R4 4 H PtFe;N ) MCA
EABXT 0N, H3E o iy AR 5 B TR, s —20 4k
FEsR PMA & HBAA AT A7 M0y 5 2255 7 1) . 25
I, PtFe;N H28 i FBEM LR  KREHE R85 PMA
ERE T, TR — R AR A et TS R
PR FEE N S S, R R AR A S AR A A R
PR SHE S

Bl ¥ A P A

AR V8 SCHY SR T 7R B 2 B RAT https://doi.

org/10.57760/sciencedb.j00213.00188 Hijj I 3RHEL.

S 30k

1]

(14]
(15]

[16]
17)
18]
[19]
[20]
21]

(22]

(23]
(24]

(25]

[26]

100702-9

Baibich M N, Broto J M, Fert A, Nguyen Van Dau F, Petroff
F, Etienne P, Creuzet G, Friederich A, Chazelas J 1988 Phys.
Rev. Lett. 61 2472

Miyazaki T, Tezuka N 1995 J. Magn. Magn. Mater. 139 L231
Moodera J S, Kinder L. R, Wong T M, Meservey R 1995
Phys. Rev. Lett. 74 3273

Mostufa S, Liang S, Chugh V K, Wang J P, Wu K 2024 npj
Spintronics 2 26

Makushko P, Ge J, Canén Bermuidez G S, Volkov O, Zabila
Y, Avdoshenko S, Illing R, Ionov L, Kaltenbrunner M,
Fassbender J, Xu R, Makarov D 2025 Nat. Commun. 16 1647
Yuan Y H, Jiang Y F 2024 Semicond. Sci. Technol. 39
033001

Zou J, Wang L F, He J, Wu B, Xie Q 2022 Nanomaterials 12
293

Wang Y G, Zhang H, Zhu J L, Lii X J, Li S, Zou R Q, Zhao
Y S 2020 Adv. Mater. 32 1905007

Liang Q Q, Hu D Y, Tang T Y, Gao H X, Wu S Q, Li L, Dai
Q, Tang Y L 2023 J. Mater. Res. Technol. 26 1798

Elseman A M, Ali F A, Ewais E, Ibrahim I, Rashad M M
2025 Crit. Rev. Solid State Mater. Sci. 50 539

Liu Y X, Yang Z L, Yang H 2023 J. Phys. Chem. C'127 728
Xiao K, Shi X H, Zhang X Y, Ping Q M, Du L L 2025 Phys.
Chem. Chem. Phys. 27 6677

Costa-Krémer J L, Borsa D M, Garcia-Martin J M, Martin-
Gonzdlez M S, Boerma D O, Briones F 2004 Phys. Rev. B 69
144402

Marciniak W, Werwiniski M 2023 Phys. Rev. B 108 214433
Lin C C, Liu T R, Lin S R, Boopathi K M, Chiang C H,
Tzeng W'Y, Chien W H C, Hsu H S, Luo C W, Tsai H'Y,
Chen H A, Kuo P C, Shiue J, Chiou J W, Pong W F, Chen C
C, Chen C W 2022 J. Am. Chem. Soc. 144 15718

Gil Rebaza A V, Desimoni J, Peltzer y Blancd E L 2012
Phys. B Condens. Matter 407 3240

Monachesi P, Bjorkman T, Gasche T, Eriksson O 2013 Phys.
Rev. B 88 054420

Von Appen J, Dronskowski R 2005 Angew. Chem. Int. Ed. 44
1205

Lee J S, Krockenberger Y, Takahashi K S, Kawasaki M,
Tokura Y 2012 Phys. Rev. B 85 035101

Misemer D K 1988 J. Magn. Mater. T2 267

Music D, Schneider J M 2006 Appl. Phys. Lett. 88 031914
Matar S, Mohn P, Kiibler J 1992 J. Magn. Magn. Mater. 104
1927

Wiener G W, Berger J A 1955 JOM 7 360

Chung DY, Jun S W, Yoon G, Kwon S G, Shin D Y, Seo P,
Yoo J M, Shin H, Chung Y H, Kim H, Mun B S, Lee K S,
Lee N S, Yoo S J, Lim D H, Kang K, Sung Y E, Hyeon T
2015 J. Am. Chem. Soc. 137 15478

Han Y H, Xiong Y, Liu C W, Zhang H W, Zhao M Q, Chen
W, Chen W X, Huang W 2021 J. Catal. 396 351

Ding X, Yin S B, An K, Luo L, Shi N, Qiang Y H, Pasupathi
S, Pollet B G, Shen P K 2015 J. Mater. Chem. A 3 4462


https://doi.org/10.57760/sciencedb.j00213.00188
https://doi.org/10.57760/sciencedb.j00213.00188
https://doi.org/10.57760/sciencedb.j00213.00188
https://doi.org/10.1103/PhysRevLett.61.2472
https://doi.org/10.1103/PhysRevLett.61.2472
https://doi.org/10.1103/PhysRevLett.61.2472
https://doi.org/10.1103/PhysRevLett.61.2472
https://doi.org/10.1103/PhysRevLett.61.2472
https://doi.org/10.1103/PhysRevLett.61.2472
https://doi.org/10.1103/PhysRevLett.61.2472
https://doi.org/10.1103/PhysRevLett.61.2472
https://doi.org/10.1016/0304-8853(95)90001-2
https://doi.org/10.1016/0304-8853(95)90001-2
https://doi.org/10.1016/0304-8853(95)90001-2
https://doi.org/10.1016/0304-8853(95)90001-2
https://doi.org/10.1016/0304-8853(95)90001-2
https://doi.org/10.1016/0304-8853(95)90001-2
https://doi.org/10.1016/0304-8853(95)90001-2
https://doi.org/10.1103/PhysRevLett.74.3273
https://doi.org/10.1103/PhysRevLett.74.3273
https://doi.org/10.1103/PhysRevLett.74.3273
https://doi.org/10.1103/PhysRevLett.74.3273
https://doi.org/10.1103/PhysRevLett.74.3273
https://doi.org/10.1103/PhysRevLett.74.3273
https://doi.org/10.1038/s44306-024-00031-6
https://doi.org/10.1038/s44306-024-00031-6
https://doi.org/10.1038/s44306-024-00031-6
https://doi.org/10.1038/s44306-024-00031-6
https://doi.org/10.1038/s44306-024-00031-6
https://doi.org/10.1038/s44306-024-00031-6
https://doi.org/10.1038/s44306-024-00031-6
https://doi.org/10.1038/s44306-024-00031-6
https://doi.org/10.1038/s41467-025-56805-x
https://doi.org/10.1038/s41467-025-56805-x
https://doi.org/10.1038/s41467-025-56805-x
https://doi.org/10.1038/s41467-025-56805-x
https://doi.org/10.1038/s41467-025-56805-x
https://doi.org/10.1038/s41467-025-56805-x
https://doi.org/10.1038/s41467-025-56805-x
https://doi.org/10.1088/1361-6641/ad22fd
https://doi.org/10.1088/1361-6641/ad22fd
https://doi.org/10.1088/1361-6641/ad22fd
https://doi.org/10.1088/1361-6641/ad22fd
https://doi.org/10.1088/1361-6641/ad22fd
https://doi.org/10.1088/1361-6641/ad22fd
https://doi.org/10.3390/nano12020293
https://doi.org/10.3390/nano12020293
https://doi.org/10.3390/nano12020293
https://doi.org/10.3390/nano12020293
https://doi.org/10.3390/nano12020293
https://doi.org/10.3390/nano12020293
https://doi.org/10.1002/adma.201905007
https://doi.org/10.1002/adma.201905007
https://doi.org/10.1002/adma.201905007
https://doi.org/10.1002/adma.201905007
https://doi.org/10.1002/adma.201905007
https://doi.org/10.1002/adma.201905007
https://doi.org/10.1002/adma.201905007
https://doi.org/10.1016/j.jmrt.2023.08.009
https://doi.org/10.1016/j.jmrt.2023.08.009
https://doi.org/10.1016/j.jmrt.2023.08.009
https://doi.org/10.1016/j.jmrt.2023.08.009
https://doi.org/10.1016/j.jmrt.2023.08.009
https://doi.org/10.1016/j.jmrt.2023.08.009
https://doi.org/10.1016/j.jmrt.2023.08.009
https://doi.org/10.1080/10408436.2025.2455675
https://doi.org/10.1080/10408436.2025.2455675
https://doi.org/10.1080/10408436.2025.2455675
https://doi.org/10.1080/10408436.2025.2455675
https://doi.org/10.1080/10408436.2025.2455675
https://doi.org/10.1080/10408436.2025.2455675
https://doi.org/10.1080/10408436.2025.2455675
https://doi.org/10.1021/acs.jpcc.2c07335
https://doi.org/10.1021/acs.jpcc.2c07335
https://doi.org/10.1021/acs.jpcc.2c07335
https://doi.org/10.1021/acs.jpcc.2c07335
https://doi.org/10.1021/acs.jpcc.2c07335
https://doi.org/10.1021/acs.jpcc.2c07335
https://doi.org/10.1021/acs.jpcc.2c07335
https://doi.org/10.1039/D5CP00405E
https://doi.org/10.1039/D5CP00405E
https://doi.org/10.1039/D5CP00405E
https://doi.org/10.1039/D5CP00405E
https://doi.org/10.1039/D5CP00405E
https://doi.org/10.1039/D5CP00405E
https://doi.org/10.1039/D5CP00405E
https://doi.org/10.1039/D5CP00405E
https://doi.org/10.1103/PhysRevB.69.144402
https://doi.org/10.1103/PhysRevB.69.144402
https://doi.org/10.1103/PhysRevB.69.144402
https://doi.org/10.1103/PhysRevB.69.144402
https://doi.org/10.1103/PhysRevB.69.144402
https://doi.org/10.1103/PhysRevB.69.144402
https://doi.org/10.1103/PhysRevB.108.214433
https://doi.org/10.1103/PhysRevB.108.214433
https://doi.org/10.1103/PhysRevB.108.214433
https://doi.org/10.1103/PhysRevB.108.214433
https://doi.org/10.1103/PhysRevB.108.214433
https://doi.org/10.1103/PhysRevB.108.214433
https://doi.org/10.1103/PhysRevB.108.214433
https://doi.org/10.1021/jacs.2c06060
https://doi.org/10.1021/jacs.2c06060
https://doi.org/10.1021/jacs.2c06060
https://doi.org/10.1021/jacs.2c06060
https://doi.org/10.1021/jacs.2c06060
https://doi.org/10.1021/jacs.2c06060
https://doi.org/10.1021/jacs.2c06060
https://doi.org/10.1016/j.physb.2011.12.076
https://doi.org/10.1016/j.physb.2011.12.076
https://doi.org/10.1016/j.physb.2011.12.076
https://doi.org/10.1016/j.physb.2011.12.076
https://doi.org/10.1016/j.physb.2011.12.076
https://doi.org/10.1016/j.physb.2011.12.076
https://doi.org/10.1103/PhysRevB.88.054420
https://doi.org/10.1103/PhysRevB.88.054420
https://doi.org/10.1103/PhysRevB.88.054420
https://doi.org/10.1103/PhysRevB.88.054420
https://doi.org/10.1103/PhysRevB.88.054420
https://doi.org/10.1103/PhysRevB.88.054420
https://doi.org/10.1103/PhysRevB.88.054420
https://doi.org/10.1103/PhysRevB.88.054420
https://doi.org/10.1002/anie.200462247
https://doi.org/10.1002/anie.200462247
https://doi.org/10.1002/anie.200462247
https://doi.org/10.1002/anie.200462247
https://doi.org/10.1002/anie.200462247
https://doi.org/10.1002/anie.200462247
https://doi.org/10.1103/PhysRevB.85.035101
https://doi.org/10.1103/PhysRevB.85.035101
https://doi.org/10.1103/PhysRevB.85.035101
https://doi.org/10.1103/PhysRevB.85.035101
https://doi.org/10.1103/PhysRevB.85.035101
https://doi.org/10.1103/PhysRevB.85.035101
https://doi.org/10.1103/PhysRevB.85.035101
https://doi.org/10.1016/0304-8853(88)90221-1
https://doi.org/10.1016/0304-8853(88)90221-1
https://doi.org/10.1016/0304-8853(88)90221-1
https://doi.org/10.1016/0304-8853(88)90221-1
https://doi.org/10.1016/0304-8853(88)90221-1
https://doi.org/10.1016/0304-8853(88)90221-1
https://doi.org/10.1016/0304-8853(88)90221-1
https://doi.org/10.1063/1.2165285
https://doi.org/10.1063/1.2165285
https://doi.org/10.1063/1.2165285
https://doi.org/10.1063/1.2165285
https://doi.org/10.1063/1.2165285
https://doi.org/10.1063/1.2165285
https://doi.org/10.1063/1.2165285
https://doi.org/10.1016/0304-8853(92)91607-U
https://doi.org/10.1016/0304-8853(92)91607-U
https://doi.org/10.1016/0304-8853(92)91607-U
https://doi.org/10.1016/0304-8853(92)91607-U
https://doi.org/10.1016/0304-8853(92)91607-U
https://doi.org/10.1016/0304-8853(92)91607-U
https://doi.org/10.1007/BF03377510
https://doi.org/10.1007/BF03377510
https://doi.org/10.1007/BF03377510
https://doi.org/10.1007/BF03377510
https://doi.org/10.1007/BF03377510
https://doi.org/10.1007/BF03377510
https://doi.org/10.1007/BF03377510
https://doi.org/10.1021/jacs.5b09653
https://doi.org/10.1021/jacs.5b09653
https://doi.org/10.1021/jacs.5b09653
https://doi.org/10.1021/jacs.5b09653
https://doi.org/10.1021/jacs.5b09653
https://doi.org/10.1021/jacs.5b09653
https://doi.org/10.1021/jacs.5b09653
https://doi.org/10.1016/j.jcat.2021.03.004
https://doi.org/10.1016/j.jcat.2021.03.004
https://doi.org/10.1016/j.jcat.2021.03.004
https://doi.org/10.1016/j.jcat.2021.03.004
https://doi.org/10.1016/j.jcat.2021.03.004
https://doi.org/10.1016/j.jcat.2021.03.004
https://doi.org/10.1016/j.jcat.2021.03.004
https://doi.org/10.1039/C4TA06499B
https://doi.org/10.1039/C4TA06499B
https://doi.org/10.1039/C4TA06499B
https://doi.org/10.1039/C4TA06499B
https://doi.org/10.1039/C4TA06499B
https://doi.org/10.1039/C4TA06499B
https://doi.org/10.1039/C4TA06499B
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 10 (2026)

100702

27]
(28]

[29]

(37]

[38]
39]

(40]
[41]

Kresse G, Joubert D 1999 Phys. Rev. B 59 1758

Perdew J P, Burke K, Ernzerhof M 1996 Phys. Rev. Lett. T7
3865

Rkhis M, Laasri S, Touhtouh S, Hlil E K, Bououdina M,
Ahuja R, Zaidat K, Obbade S, Hajjaji A 2022 Int. J.
Hydrogen Enerqgy 47 3022

Duan P R, Ping Q M, Sun D Q, Luo Q H, Li HJ, Xu H Y,
Liu X, Shi X H, Du L L 2025 J. Mater. Chem. C 13 6728
Kohn W, Sham L J 1965 Phys. Rev. 140 A1133

Monkhorst H J, Pack J D 1976 Phys. Rev. B 13 5188

Togo A, Tanaka I 2015 Ser. Mater. 108 1

Al-Hazmi G H, Amina, Almahri A, Quraishi A M,
Norberdiyeva M, Tirth V, Algahtani A, Al-Humaidi J Y,
Alsuhaibani A M, Mohammed R M, Hadia N M A, Zaman A
2025 J. Inorg. Organomet. Polym. Mater. 35 863

Nosé S 1984 J. Chem. Phys. 81 511

Singh N, Saini S M, Nautiyal T, Auluck S 2007 J. Phys. :
Condens. Matter 19 346226

Hu W Y, Qian M C, Zheng Q Q 1997 Physica. C. Supercond.
282 1625

Cococcioni M, Gironcoli S D 2005 Phys. Rev. B 71 035105
Sifkovits M, Smolinski H, Hellwig S, Weber W 1999 J. Magn.
Magn. Mater. 204 191

LiZ R, Mi W B, Bai H L 2018 Comput. Mater. Sci. 142 145
Stadelmaier H H, Fraker A C1961 Transactions of the

(42]
43]
44]
(45]

[46]

(47]
(48]

(49]
[50]

[51]
[52]

(53]

Metalllirgical Society of ALME 218 571

Gherriche A, Bouhemadou A, Al-Douri Y, Bin-Omran S,
Khenata R, Hadi M A 2021 Mater. Sci. Semicond. Process.
131 105890

Suetin D V, Shein I R 2018 Phys. Solid State 60 213
Nakagawa T, Takagi Y, Matsumoto Y, Yokoyama T 2008
Jpn. J. Appl. Phys. 47 2132

Azouaoui A, Benzakour N, Hourmatallah A, Bouslykhane K
2021 Philos. Mag. 101 1587

Sofi M 'Y, Ramzan A, Khan M S, Kumar A, Rather M R, Sofi
S A, Khandy S A, Khan M A 2025 Mater. Sci. Semicond.
Process 185 108925

Miao M S, Herwadkar A, Lambrecht W R L 2005 Phys. Rev.
B 72 033204

Li D, Roh J W, Jeon K J, Gu'Y S, Lee W 2008 Phys. Status
Solidi B 245 2581

Guan Z Y, Ni S 2020 Nanoscale 12 22735

Wang D S, Wu R Q, Freeman A J 1993 Phys. Rev. B. 47
14932

Kadim G, Masrour R 2025 Ceram. Int. 51 147

Lee H, Sukegawa H, Liu J, Ohkubo T, Kasai S, Mitani S,
Hono K 2015 Appl. Phys. Lett. 107 032403

Anzai A, Takata F, Gushi T, Toko K, Suemasu T 2018 J.
Cryst. Growth 489 20

High spin polarization rate and weak perpendicular magnetic
anisotropy in antiperovskite Pt°Fe;N”

ZHANG Xingyuan #
ZHANG Shenghao

CHEN Zhe #
CHEN Jianhua

SHI Xiaohuif XU Linzhe
HUAN Chengzhi  XIE Yuxin

(School of Physics and Electronic Engineering, Linyi University, Linyi 276000, China)

( Received 18 December 2025; revised manuscript received 24 January 2026 )

Abstract

Magnetic anisotropy and spin polarizability are recognized as the critical parameters influencing the

performance of ferromagnetic electrodes in spintronic devices. Fey;N exhibits a high Curie temperature, high

saturation magnetization, and good stability; however, its application in spintronic devices is limited by the low

spin polarizability and in-plane magnetic anisotropy (IMA). Atomic doping is an effective method to modulate

the magnetic properties of Fe,N. As a heavy metal element, Pt exhibits a strong spin-orbit coupling (SOC)

effect. Doping Pt into Fe N effectively enhances the overall SOC strength of the system, thereby realizing the

regulation of the electronic structure and magnetic properties of the material. In this work, the electronic

structure and magnetic properties of Pt‘FesN were investigated based on first-principles calculations. The

calculated results show that Pt‘FesN maintains a cubic anti-perovskite structure with a lattice constant of

3.856 A. Phonon spectrum and ab initio molecular dynamics simulations confirm that Pt‘Fe;N possesses
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excellent dynamic and thermodynamic stability. The band structure calculations reveal that Pt‘FesN exhibits
metallic properties. The band structure of Pt°FesN shows no significant change upon the inclusion of SOC. The
band distribution trends along all high-symmetry paths in the Brillouin zone are nearly identical whether SOC
is considered or not. The total magnetic moment of Pt‘FesN is 8.18up without considering SOC. The atomic
magnetic moments of Fey and Pt are 2.58up and 0.42up, respectively. The total magnetic moment of Pt‘FesN
increases from 8.18 to 8.47up when SOC is considered, which is primarily due to the SOC-induced orbital
contributions of 0.06up and 0.14up from the Fey and Pt atoms, respectively. The strong SOC associated with
Pt atoms effectively lifts the d-orbital degeneracy and induces an orbital magnetic moment, which in turn
enhances the total magnetic moment of the system. The spin polarizability of Pt‘FesN is —70.4%, which is
1.47 times larger than that of Fe,N (—47.9%). In addition, the incorporation of Pt atoms induces the
transformation of Fe,N from a weak IMA of 0.029 J/cm?® to a weak perpendicular magnetic anisotropy (PMA)
of —=0.003 J/cm3. The contributions of Fey s, (5.104 J/cm?) and Fejp (-5.104 J/cm?) atoms to the MCA cancel
each other in the system, and the Pt atom contributes an MCA of —0.003 J/cm?, leading to a weak PMA in
PtFesN. In summary, Pt‘FesN exhibits a large magnetic moment, high spin polarizability, and weak PMA,
demonstrating significant application potential in the field of next-generation spintronic devices.
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