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Fig. 1. (a) Top and side view of atomic structure for 2D FGT monolayer, the shaded region indicates the cutting nanoribbon
NR(n); (b) the FGT nanoribbon with width n = 9, and the black dashed-line box represents the unit cell of NR(9).
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Table 1.
for FGT nanoribbons, MM and HM represent the magnetic metal and half-metal, respectively.

The binding energy E, (in eV/atom), magnetic energy Ey; (in meV /atom), and spin polarized efficiency SPy(%)

Structure NR(4) NR(5) NR(6) NR(8) NR(9)

E, -4.472 ~4.545 —-4.590 -4.648 —4.665

Ey 132.958 135.814 186.930 130.815 129.212

SPg 29.570 100 55.918 11.573 66.823
Magnetic phase MM HM MM MM MM

A3 R 9k TR Fe, Ge Al Te MJRFECH , B
h eV /atom. MIELEGREME X, T1INE5 G ek
& HRE M ZEH . AT T NR(4)—NR(17) 44
KT B 45 & R, & B HE ¥ 7E M\ 4737 —
~4.472 eV /atom [ [N, Hr, NR(4), NR(5),
NR(6), NR(8) FINR(9) HIERGHES T2 1 H, 75k
~4.472, ~4.545, ~4.590, —4.648 F1-4.665 ¢V /atom.
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T RIS AR ARSI, RO LAk
Ja KT HE4T T Forcite 1B KT8l 12445540
i 4 AR KAE TR, BRG] bl B
T e 1 0 B 300 KA 500 K, BE 1R] B
10 K, BAfEh 8 ps, TR E] 500 K J&5 il k
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HEHE TR

FET 8 B PR A SR T 2D FGT )2
S — PG A R, LR BRI T i RE AT 45 4 32 22
i Fe 19 3d L& 5iiik, Ge F1 Te 11 p LB AR
AN BRIZ AL, FGT HUZ 3B 1 3 AR b A% 1) 57
P, 25 1 S PERE IR 920 peV/atomPol X B FRATT5E
TERYE 2D FGT H2 5y AN A 5 R
R T BRE L, AT T AR AT, R
BREERS (FM) R ERRERS (AFM) i 8 DL 335 nT
RERIRHE A ZS. #IHANY) FM S90S E N A 1Y
FIBEFE ) AR R 7 I, TRD 4G AFM 25 09k 5 4%
Fhif 7, Bl AFM-4FF (AFM1), AFM-48 145 ¢
(AFM2), & AFM-Néel J¥ (AFM3)M1. SR, 4% Fh
W46 F e 1 e )T B HE] FMAS, X 3R
Mgk U FM 2, 5 2D FGT H)24R. BT

3.2

208502-3


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

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 20 (2019) 208502

Opimized Annealed

NR(4)

(d)

Opimized  Annealed
NR(8)

P2 SR KBHUHTIS 1 FGT 49K 12t [

Opimized
NR(5) NR(6)

Annealed Opimized  Annealed

Opimized  Annealed
NR(9)

(a) NR(4); (b) NR(5); (¢) NR(6); (d) NR(8); () NR(9)

Fig. 2. The ribbon structures before and after annealing simulation: (a) NR(4); (b) NR(5); (c) NR(7); (d) NR(8); (e) NR(9).
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Fig. 3. The spin-polarized charge density: (a) NR(4), (b) NR(5), (¢) NR(6), (d) NR(8), and (e) NR(9), the isosurface value is set as

0.01]e|A 3.
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Fig. 4. The projected band structure for (a) NR(4), (b) NR(5), (¢) NR(6), (d) NR(8), and (e) NR(9), respectively; (f) magnetic mo-
ment per magnetic atom for NR(n) versus ribbon widths, where n represents the width of the FGT nanoribbons.
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Abstract

Fe;GeTe, monolayer is one of the currently fabricated 2-dimensional (2D) ferromagnetic materials. Based
on the first principle of density functional theory, we here study the structural stability and magneto-electronic
properties of nanoribbons NR(n) obtained by cutting 2D Fe;GeTe,. The calculated binding energy and
molecular dynamics simulation results identify that nanoribbons are rather stable. The large magnetic moment
and magnetized energy prove the extremely high magnetism stability for NR(n). Moreover, with the increase of
the width, the magnetic moment of the nanoribbons generally increases, and gradually tends to a stable value.
In particular, the nanoribbons possess a high spin polarization efficiency at the Fermi level (SPy). For example,
the SPF for NR(5) is up to 100%. With the width variation of the nanoribbons, the SPy has a significant odd-
even oscillating effect, that is, the spin-polarization of the odd nanoribbons is higher than that of the adjacent
even nanoribbons, especially when the width is in the range of n < 12. This means that the a-spin and (-spin
are quite different in the density of states at the Fermi level when the width is odd or even. This may be caused
by the difference of the quantum confinement effect for the odd or even nanoribbons, respectively. Meanwhile,
when the width of the nanoribbons is wide enough, the odd-even oscillation effect of the spin polarizability is
stabilized in a relatively small range, and the nanoribbons finally tend to be 2D FesGeTe, monolayer. The
nanoribbons have an obvious advantage on SPp over the 2D Fe;GeTe, monolayer. In addition, the calculation
of the strain effect demonstrates that the strain can flexibly tune the SPy varying from approximately zero to
85.6%, and the SPy reaches a maximum of 85.6% at a stretch of 4%, which is a fairly high value; then reaches a
minimum at a stretch of 8%, almost being zero, which means that a mechanical switch can be designed to

control the low-bias spin transition, allowing it work between high spin polarization and spin unpolarization.

Keywords: Fe;GeTe, nanoribbon, magneto-electronic properties, spin polarization, strain effect
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