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Fig. 1. (a) Structural diagram of CrBr; monolayer. (b) Band structure and density of

states of CrBr; monolayer. The red and blue solid lines indicate spin-up and

spin-down channels in the band structures, respectively.
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Fig. 2. The top and side views of the.cCrystalline structure of three different doped
positions of TM atoms labeled as (a) Hole, (b) Cr-Top and (c) I-Top. (d) The

formation energy of TM-GrBr;, (&), The height of the TM to Br on the surface of

CrBr; and the length of-covalent bond between TM and nearest Br atom.
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Fig. 3. The snapshots of TM-CrBr; on the H site taken after 5 ps of DFT-MD

simulations at 300 K.
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Fig. 4. (a) Magnetic moments of TM atom and Cr atom nearest to TM atom in

TM-CrBr; of H configuration. (b) Charge transfer between Cr and TM atoms in

TM-CrBrs. (¢) The total magnetic moments (Miota1) of TM-CrBrs.
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Ising FE Y () 525 B R 7925, % TM-CrBrs (/8 BLIR B (To) #4775, LA
ek S e TM-CrBrs 14 5 BRERE & 1108 £ . AAE CrBry A1 TM-CrBrs H (138 A
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M, Sc-CrBrs 1 Te 3 T 159%. XELgh BRI, 3d LI LB (Co Fril) B
REf 1Y SR 5 2 CrBrs (BRI FR T TE.
#* 1 A1E CrBrs fl TM-CrBryts # i (2 #A8 G S50 ().

Table 1. The exchange coupling parameter (J) of pristine CrBr; and TM-CrBrs;.

CrBr; Sc Ti Vv Cr Mn Fe Co Ni Cu 7n

J(meV) 239 595»395v 510 266 396 280 125 297 327 473

B2 CrBrd[ Tk RS A 7] AR Goodenough-Kanamori-Anderson (GKA) #
TEATSERRE . BLREASHAR BLAE A < 32 B4R Cr J T2 IR B4 L TR (K 3
W, 5 Cr)f 7 ZIEEEs d Mo, MG IEE AR d RN migsR. &
AEHAH TAEH FE 2T Cr i) d PUE M Br i) p YLIEHE S, i1 Cr-Br-Cr i 6 U,
HEA 0 BRIEIT 90°, TUVBRRZRE & RROE. A R ML RS By BT R R 2 4k LA

H 2 Ef s 4 kg, K Sb 45 7 TM-CrBrs /& &) Cr-Cr JE 5 F1 Cr-Br-Cr 48



224e. MEFAAL CrBrs, TM JRT (Fk Co LLSM B2%)E, TM-CrBrs 1K R 1)
Cr-Br-Cr $# 1 4% 90°, Cr J& 7 Z [ d $5°K, S BGEMI BN & 1AL
SO AR PR 55, R0 S Bk ARG & (0 B S B T AR s s . IRtk T™ R 7 (B
Co LASL) 52% CrBrs M8k e e M 2 3 1458 . X T Co-CrBrs, I T AE CrBrs,

Cr Ji T2 PR d JUPAE, SR Cr-Br-Cr A K T 1°, T3 Co-CrBr; 1§

i BB AR Er FRORE S At ELAE sk . PRIk, S ANIE CrBrs M LL, ?Cer Bk

M. éi\<<>\

(a) 400 %
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Fig. 5. (a) The Eapm-Epm and Curie temperature of pristine CrBr; and TM-CrBrs;. (b)

The Cr-Cr distance and Cr-I-Cr bond angle in pristine CrBr; and TM-CrBrs;.
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I, Sc-CrBrs 1] LAFEN SGS. f£ SGS #k g (FETE L7 AR B nT DL 7 BRIE
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Fig. 6. Spin-polarized band structures of 3¢ TM atoms doped CrBr; monolayer. The

illustration is an enlarged picture of the band structures near the Fermi level. The red

and blue solid lines indicate‘spin-up and spin-down channels in the band structures,

respectively.
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Tunable electronic and magnetic properties of

transition—metal atoms doped CrBrs; monolayer*

Xufan Chen"”  Qiang Yang" Xiaohui Hu"?"

1) (College of Materials Science and Engineering, Nanjing Tech University, Nanjing 211816,

China)
2) (Jiangsu Collaborative Innovation Center for Advanced Inorganic Function Cemposites, Nanjing
Tech University, Nanjing 211816, China)
The CrBr; monolayer is a two-dimensional semiconductor material With intrinsic ferromagnetism.
However, the low Curie temperature of CrBr; monolayer limits its practical déevelopment in innovative
spintronic devices. The electronic and magnetic properties of transition-metal atoms doped CrBr;
monolayer have been systematically investigated by using density functional theory calculations.
Formation energies elucidate that all 3d TM atoms préefer, to be doped in the middle of a hexagon (H)
site of CrBr; monolayer. And all the TM atoms, except the Zn atom, can bond strongly to the
surrounding Cr atoms with sizable formatien jenergies. The results also indicate that the magnetic
moment of TM-CrBr; systems change as a result of the charge transfer between TM atom and adjacent
Cr atom. In addition, compared with the intrinsic CrBr3, the T of TM-CrBr; systems are significantly
increased, which means that the_ferromagnetic stability of CrBr; monolayer is enhanced. In particular,
the T¢ of CrBr; with S¢<atom“can be increased by 159%. The enhancement of ferromagnetism is
mainly due to the competition between the direct exchange and the superexchange interaction. We also
find that the electronic.properties of the TM-CrBr; systems are diverse. For example, Sc-, Ti-, V-, Mn-,
Fe-, Co-,/Ni-,/CQu- and Zn-CrBr; exhibit spin gapless semiconductor (SGS) properties with 100% spin
polarization at Fermi level. TM-CrBr; systems can be adjusted from semiconductor to half-metal when
Cr is doped the CrBr; monolayer. This work, together with recent achievements in the field of 2D
ferromagnetic materials, provides an experimentally achievable guide for realizing preparation of
TM-CrBr; system with high Curie temperature. Moreover, the possibility of application of these

systems in nanoelectronics and spintronics is increased.

Keywords: two-dimensional materials, transition-metal doping, electrical properties, magnetic
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properties

PACS: 74.78.-w, 68.55.Ln, 73.61.-r, 75.75.—c¢
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