Applied Physics [ Fi#J3, 2026, 16(6), 635-646 Hans X
Published Online June 2026 in Hans. https://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2026.166058

CuMN s 8 B8 T SRS S5 SRR
£ SHTR

I #&, FRE, KRk

TR R BB 2 SRR RE, T8 75 M

Wk H . 20264F4 300 FHER: 20264F6 H3H; KA HI: 20264F6H10H

HE

PEREVT IR R AR R B R TR NN ERRE T 6. AXCRAS-HREETHETE, RE
BT CuMnls BRI TS SREEMER, RIVFN—FhAERE R #9816 T IR Bk 1k (AFM) [R]85 B
Tk, BBESDNREFRBREENE. BTRENBRGWESZM R E R - SR8 (FM)AH
R, REERFRERFATEL100 K. XFBRESHBE FHREZRME CuMnls B2 58 —F R AR
¥k BREJRTULIUBEE R ERALSE, BTERNTLITEEERRA FRLSHE, X
FLE AR AL O B RS RO R AR B THR L T B BB . A, ERBTBRFESHERES
CuMnB:EZEH, HEFEREGSAETSRIRKA T HRIFLITITRER, AT~ AERZNREERES
R, BIAGREY, REMCuMn:HEZERRE 4R GHE B B T8/ RRITARERZIARK
PR 77 I fRIE AR

XK ia

TRRAEAORL, SRR A, XHNAE, BB TBR, #WEE

Carrier-Driven Magnetic Phase
Transition and Bipolar Magnetic
Semiconductor Behavior

in CuMnl3 Monolayer

Xuan Wang, Jiexue Li, Jiayong Zhang”

School of Physical Science and Technology, Suzhou University of Science and Technology, Suzhou Jiangsu

Received: April 30, 2026; accepted: June 3, 2026; published: June 10, 2026

CHERERE

MEF| M EBE, ES, HKINK. CuMnls LR KBTS BRSO S R AT A1), R HIEL, 2026, 16(6):
635-646. DOI: 10.12677/app.2026.166058


https://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2026.166058
https://doi.org/10.12677/app.2026.166058
https://www.hanspub.org/

Fie &%

Abstract

Two-dimensional magnetic materials with tunable properties are important candidate platforms
for spintronic applications. In this work, we systematically investigate the electronic structure and
magnetic properties of monolayer CuMnls using first-principles calculations. It is found thatitis an
intrinsically stable zigzag antiferromagnetic (AFM) semiconductor with an indirect band gap, and
its magnetic ground state exhibits strong robustness against strain. Both electron and hole doping
can induce an antiferromagnetic-ferromagnetic (FM) phase transition in this material, with the Cu-
rie critical temperature reaching up to approximately 100 K. This doping-induced magnetic order
transition makes monolayer CuMnls a bipolar magnetic semiconductor: hole doping enables fully
spin-up polarized conduction, while electron doping enables fully spin-down polarized conduction.
This electrically controllable spin polarization property provides a new idea for the design of spin
field-effect transistors. In addition, in the carrier-doped ferromagnetic monolayer CuMnls, spin-or-
bit coupling (SOC) opens an energy gap at the non-Dirac band degeneracy near the I' point, resulting
in a significant anomalous Hall conductivity. These results indicate that the antiferromagnetic mon-
olayer CuMnls is a highly promising candidate material for the development of two-dimensional
antiferromagnet-based spintronic devices and the exploration of novel low-dimensional magnetic
phenomena.
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ERERR A, BT BRSSP CuMnls BZ A BRI Tk . BB RS IR REAN
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3.1. CuMnl; R EM REEM SR EN

CuMnls BRI R TR 1(a). K 1), HEM PR 1-Cu W2 N Cu JRT 52 4 = &
WAEFHS . 1ZHZE L Mnls 5 3y Rk, 7EIR M BRI R 2 RS A TR R BR AL & —
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PBE)Xt CuMnls 52T 4 R T 25kt ¥, RALJS 13 BIH T di i 5 808 a=7.28 Ao NRZIFAL CuMnls
REME AR, AT AN REE S ksl R e R SR A e =AY E TR T it
. HRTHE TIRRIIERRE, & XN Efom = E (CuMnls) — 2E (Cu) — 2E (Mn) — 3E (I2). X,
E (CuMnls)?y CuMnls B2 JE M) S RE R, E (Cu)Fl E (Mn)2r Bl NTHIC AL TT Cus ARG Mn @i s
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Figure 1. Structure and stability of CuMnls monolayer. (a) Top view of the atomic structure; (b) Side view of the atomic
structure; (b1) Structure of the Mn-I coordinated octahedron; (b2) First Brillouin zone with high-symmetry points and paths;
(c) Phonon dispersion spectrum; (d) Ab initio molecular dynamics (AIMD) simulation
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Figure 2. The four different magnetic configurations of CuMnls monolayer: FM (a); AFM-Néel (b); AFM-Zigzag (c); AFM-
Stripy (d). The red (blue) arrows denote the up (down) spins

[E 2. CuMnls B ERPUMAEHAGE : $KHL(FM) (a); FR/RREXHEE(AFM-Néel) (b); TRIEH R $kHL(AFM-Zigzag) (c);
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Figure 3. Strain and doping effects on the magnetic properties of CuMnls monolayer: (a) Energy difference AE between
different magnetic states referenced to the FM state; (b) Strain dependence of exchange parameters Ji, J2 and Js; (c)~(f) Doping
concentration dependence of magnetic parameters: (c) Energy difference AE; (d) Exchange parameters; (¢) Magnetic anisot-
ropy energies (MAES); (f) Critical temperature Tc of CuMnlz monolayer
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Figure 4. Electronic structure and transport properties of CuMnls monolayer: (a) Band structure of the zigzag antiferromag-
netic (AF-Zigzag) state under 0.0% strain, with the inset showing the first Brillouin zone; (b)~(c) Spin-polarized band struc-
tures corresponding to 0.3 holes per unit cell and 0.5 electrons per unit cell doping, respectively; (d) Spin-resolved band struc-
ture of the ferromagnetic (FM) state, where red and blue curves represent the spin-up and spin-down channels, respectively;
(e)~(f) Density of states (DOS) corresponding to (c) and (d), respectively; (g) Band structure of the FM state with spin-orbit
coupling (SOC) included, where the red dashed line marks the reference Fermi level Eri; (h) Anomalous Hall conductivity oxy
as a function of the Fermi level Er position, where o1 denotes the calculated value when Er = Ers; (i) Berry curvature distribu-
tion at Er = Er1, with the olive curve showing the SOC-corrected band structure
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