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MnBi,Te,. MnBisTe;. MnBigTe,oAIMnBigTe 355, Mt
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Hi,FAE b1 28 i (electron energy loss spectroscopy,
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Figure 1 (Color online) (a) Schematic diagram of the structure of MnBi,Te,(Bi,Te;),. (b, c) Schematic diagram of the cross-sectional atomic structure,
high-angle annular dark field-scanning transmission electron microscopy imaging, and Mn-L electron energy loss spectroscopy imaging of MnBi,Te;

and MnBigTe;o!"”
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Table 1 Summary of antisite defects in the MnBi,Te,(Bi,Te;), (#=0, 1, 2, 3) single crystals obtained by STM scanning and SCXRD analysis

Mng; Biy NN WRZN 2% 3k
8.8% 17.5% SCXRD [46]
MnBi, Te, 2.5% 11% STM [50]
20%~25% 40%~50% STEM [39]
4.1% (Mng;
b (Mg 25.5% SCXRD [52]
3.5% (Mngy)
MnBi,Te,
3.9% (Mng;;)
15.4% SCXRD [27]
3.9% (Mngjp)
1.7% (Mngi1)
MnBi¢Tes 1.5% (Mngi) 27.5% SCXRD [52]
1.4% (MnBi3)
VBT 8% (Mng;y) 15.4% SCXRD [27]
nbigle
e / 36% SCXRD [41]
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H I 4k (antiferromagnetic, AFM)ACHeil G, RIARY
AFMF, WE2(a)i7n. MnBi,Tey(BisTes), fb & #) 1 1)
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1] AFMA A 113:20:23:2432:36.6367] - A1 ly P S ) Al e
Bi, Tes)2 U2 []Mn-MnffE 2380, X2 BIREA E AR
FHREAR, AFMEL 75 5 B F A o — 20 K. X+ T
MnBigTes, JZEIAFMANG E—LREAK, JZ2RIFHEAEH
K o HAB S5 A L (Mg A MBS A FFMER &
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WNE2(a), X T MnBiyTes, 452 B Al SR
B, FE243.5 T 22207 H R (spin flop)BRif, X2
EREEA BHESMIESAVE RN R, a9 5 e )00 ) T 2
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F1. AT LU Stoner—Wohlfarth B £ 2 [8] AFMER &
fEJ A BB 4% [0 S PEREDY), SJ.~0.09 meV Al
SD~0.08 meV. il X} /3 HrMnBi, Te, AIMnBi4Te o E
2 KEFH/ /R IREALITZE, 7T LA PRAEO TR DX PRI bF
RIERZ T A EWEAS (spin - flip)BRiE, X A iEfa T4k
VAT COPAT FAMG T 1), SRI5 50 5E0.22/10.20 T
HABAFMAE, A AEE AT TAME . X
AL A Y ISR Z M AFMES. X
MnBi,Te,, #1454 16 N A AN REAL -h 264348, 2
5] AFMAH A J B B8 45 0] 2 BB DSJ.~0.0127 meV
MSD~0.0440 meV; X} FMnBisTe,y, SJ.~0.0037 meV
MSD~0.0417 meV. MnBi,Te,5iMnBisTe, (4% 7] 1k
BE- S5 MnBi, Te 45 1n] SEPEREAILL. 481, MnBi,Te, Al
MnBigTe, o2 HFE A 38 AH b MnBi, Tey /N ~2 50
. X F2 I MMnBi, Te,#|MnBi, Te; fIMnBigTe, o, FEE IF
REPEZ RGN, 2 A RERE A B AR (AR R 2,
P 20) IR, FERARIRE T (2~4 K), BIMEFEBA 41
GO, MnBiyTe, AR RT LIRBLE AR REH. (Rl
Wi & #E S R AR IR, S =0 H e Bk AR
Fgl!7:20:21,23-25.27.06.671 b e Akl £ 0] i 45 SR P Al
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MIREZEHE. TEMnBigTe, 1, X486 = 25 (AR T R 7
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FIRE TR, BERESAR i AFMERS Ff 5. 3T
= Bi, Tes i ZUMnBisTe 5, BTN 545 2R i
TRTEZ10.12 T Blspin  flipBRit ik B4 Fwg 242,
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Figure 2 (Color online) (a) Magnetization curves!'®'")

(b) Temperature-dependent magnetization curve of MnBi,Te,!'). (c) Large-field magnetization curve in MnBi,Te;

of Mn and Mng; layer under external magnetic field

R Z B FMIR G FIREREES, FOm BEIR B (Te) M 10.5 K.
T B R, HERETEA R PR &2 RN
FZ A BEAE R B 3L R g m, SE Rk Te(R)-Te
(R=0)~R"", e RFERIZ AN A SRS Z T /Ty,
WEAL Ry~ T-Te| 7V MRFOR, B2 1A B AR A A 55
TEOLT, AT LR R GE AL R SR B R To(R=0)=T, ) 5.
2. GIAAEZ 1 RIS 03X — 5 A8 1 B A TR A B G
1, RIZRH8E AT AL D2 S BOR T B 3 A 5t
TR, X W#RE T MMnBigTe,; #MnBi, Teq, Fifidsnlii/
O I T 2 (B GRS B R B80S, )2 [RIRE A 5 BE T 38 ),
I SR EE 10,5 K8 ANEN 11, 13 KIF3I24 KA.
MnBi, Te, i 57 Bl A 1 28 110 0 2 X B A AS [i) s ke
B X p g e B S 8 X 2 () B
7R, TR I N39S 20 spin flopZ )5, WiALHE R
BERG I INZE RN, B8 TIKEIM,'=3.9us/Mnf
WS, BifS, RERNIE—E10m, #IbRE S
B BT, 4850 TA AT K FIM =46/ MU FIE-55. WN1E2
(IR, A5 RIETLESLIZ WA BIf 51 Mn

and cooling magnetic susceptibility curves®>***7 of MnBi,Tes, MnBiyTe;, and MnBigTe;q.

1351, (d) The magnetic state evolution

BT (Mng) 1Y HE RS I e 2R B 58 2 5 4 MG 37 A 7
HIHANZS. SLINAYMnFIMng, 22 A FELE R 1 AFMAE AZ
A EAE I (FH Mn-Te-Mng ST % 42), 2B Mng /=0
TEANZIG BN HEITL 50 T A BB 52 4 10F, DA P A
T 41 ) 15 S Ak 1h 26 PT LAE S HH Ming FITMIin 22 8] ()
ST 2941.2 meVAILAT B 25— MR HATIESD). %
{EE L T2 M AFMAS G 3 (SJ:=0.09 meV)FIZEH
HIFMARA TR EE(SJ=0.35 meV)'®. P, 7£10.8 TR
T, REARMERETEZ M S T 5 4MB05 FATHES
{EMn I Mng; & F 2 [1] ()38 AFMAR A i Mng 23
SHMEOTATHIRS, RA 2150 TRESAR, A RBIRZ
S Mng; 5 Mn H iEH) 58 2 FMARS.

REA A M RN R 2548 22 [R) A AH RS & 7T LA™
R AN, AFERRAE AR . REEANR SR
P A G RN AT PR LD 1 s B A 12427 77
AW SE A8 I A 3 B HL T BT (angle  resolved
photoemission spectroscopy, ARPES)HISTMZEALELE &
SRR, XX —APEHAR R BE S5 . R
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BRARAMERIAT T VR RIFE0 1222532385175 - 4
w b, MnBi,Te b BA 58 BT HVE R FME
JRTH G An b R R I, O DR A NP S A
THZEE L PRd AR sl il e 24K, BG4, H
N 24 2% R AL 2 B AN R IR B R A 5 IR 5. SR
1M, J&FMnBi, Te, 7% A1 BETH 45 H4) A9 S B0 A8 25 AN ]
BT AR AR A K T 0 ZRE M LA O [RS8 21 A Ak 23T
g o CER il - S N I SR M et e e e g
Y T H R A b s AR BRI B(70 meVLEL ),
A B R BN BR(10 meVEL )BT 5835 15k
Fr L HE(RT Z 0 BRI BR), T AE S MG 9K 50 T W BEF 2 B
AR, IXAT BB TR I ) A S5 A B 5 R i,
Bl inMn-Bifa] & 47 55 (S35 B L S5 A B e ) 23 5 B 52
i) 3 T A& () L -0 A, DT 3 B30 1 P o 5 5 Bt Bt
KN Hk, HETNEE FRE, Wi
ZH AR HTEO TR I W52 21 47 ZUZ MnBi, Te a4+
AAE () Q AHGE 75 2 it Jin 21 A 37 A e W52 2148
R, R PR TR . R TR
Wt 25 A 45 IR G2 A T B AT ) L S v T 3 A e
gl 29313339 g R AR R, R — MR
FHITE FAIARPES S, 45 Y T MnBi,Te, AMIMnBigTe, o
PIARENEEA, 10 H B F LR A — 2 B0 E.

1.3 ShisRgSbis gy

MnSb,Te, B A 5 MnBi, Tey(Bis Tes), J6 41 A
FR) M 236 g G v 11 3-44-45:55.75. 77831 - 3 i g 1+h 1 S
51 AEIMnBi,TeyJz o i HEBif £ i 5 2. SbB iy
MnBi,_,Sb, Te, 7] DL POK RN i IR A BN . 7E
x=0.30F, B TS N P R p R i x
AYHETN(x<0.52), AFM#LAZIREE T, spin flop¥Z iR AN
A B, (BRI R AR IEAFMBE LS. T
MnBi, Te,H1 24 Kf&ZEMnSb,Te, T HI19 K, #F il
spin flop#478 % #E4E0.3 TG/ FMnBi, Te, 1 193.5 T),
RWISbIBZLXTENE | 2 AR A A2 45 ) S8 &
PR ER . RS, S S B N,
Tl AR S BN 24 B VA B S AR R 1. 5
FIE M SE, MnSb,Te, 1940 FIRE 5 B & N B (A
MnBi, Te,H3.561/Mn [ 2 ]MnSb, Te, 411 1.5715/Mn),
X R R A B (I RE A T TN AT, AR AF AR BRI
WK%, B W ab - TAFAE S NS 240 B e HES. 7
MnBi, Te;*** 1, SbiB A4 25 A B Mng, B 007 L, 2k
T ZEEAEAER, SEARIEM)Z Z BRI AFMAR &
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AR NFMARG . SbIBZAUAE B TR GRS A 1R,
fii LM AFM# M ARG AR I FME T4 21K, I HAE
BRI E SO, ARG Wey 1242 8
AR X B 4845 0 3 F-MnBi, Tey(Bi, Tes), /A 2 (R
YRR PN E R IR I PR T — A iR R, SEhR
MnBi, Te, FIMnSb, Te, H Mn/ X35 {37 i [ e )& AT LAFE T
P2 My o Xo v )X MYRHEF PR L, X
B Sb, xF/RBINL S #EMn 5 AL, 2xF /R Mn
D7 BB FERIHER, yFRMn LS ARSI XE Tl
MnZs (S RGO . (R, x Ay ] LR i3
(M) BEALF- 6 e Mn A FE 1 5 m o 36 ) A4 0 ok, RIS

RVCE VI m%éw X — 7 AL AT LU Al

4m

H MnBi,Te, FIMnSb,Te, A ERFA EE, T LU FHAE
MnBi,Te, fIMnBigTe o, FIUIFE10 TLAF MnBi,Te, %
B Z ARG, WE2(a), 43 3R T2
MnBi, Te,H AT 4 2] 1 Mn)Z 191 FMng, 2 R FTE 5.
1 T Mng; ] BEAEFE T MnBiyTe,F1 A SL)Z (Mng;; ) FIQL
JZ(Mngyp), PHIERZAN A Mg FMng, ¥ 2°40.15
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Figure 3 (Color online) (a) Phase diagram of the surface of MnBi,Te, crystal scanned by magnetic force microscopy. The corresponding regions are
AFM state, surface spin flop state (two regions parallel or antiparallel to the magnetic field), bulk spin flop state (or canted antiferromagnetic state), and
paramagnetic (or forced ferromagnetic ) state®®). (b) Quantum anomalous Hall effect (97% h/e?) and gate voltage dependence of Hall resistance in a 5-
layer MnBi,Te, device!'). (c) Reflective magnetic circular dichroism (RMCD) measurement of 1- to 9-layer MnBi, Te, at 1.65 K!'8.. (d) Magnetic field
dependence Raman measurement of MnBi,Te,*. (e) Temperature-dependent RMCD measurement of 3-layer MnBi,Te,!"). () Magnetic force

microscopy phase diagram of MnBi,Te; crystal®”
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Figure 4 (Color online) (a) Layer polarized Hall effect of even-numbered MnBi,Te,'*?. (b) Circularly polarized light-induced antiferromagnetic state

reversal in even-numbered MnBi,Te,*®). (c) Phase diagram of pressure-tuned magnetic phase transition in MnBi,Te,®), MnBisTe,; and MnBiTe;,
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Figure 5 (Color online) (a) Significant exchange bias effect in a 7-layer MnBi,Te, device under the magnetic field training effect!'””. (b) In odd-
number-layer MnBi,Te,, the magnitude and direction of the exchange bias field can be controlled by designing a magnetic field sweeping protocol (as a
function of the single-sided field range Hs)!'”; the right panel shows the defect-related magnetic domain structures.
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The emergence of topological insulators (TIs) has brought about a paradigm shift in our understanding of quantum
phenomena. Magnetic topological insulators (MTIs) of the MnBi,Tey(Bi,Tes), family, including MnBi,Te, (n=0),
MnBi4Te; (n=1), MnBisTe;o (n=2), and MnBigTe|; (n=3), etc., have attracted extensive research interest in the field of
condensed matter physics due to their combination of intrinsic magnetism and nontrivial band topology. This class of
intrinsic magnetic topological insulators provides an ideal platform for studying topological order and its interactions with
magnetic order, spin-orbit coupling, and charge degrees of freedom, as well as the modulation of its magnetic structure. The
understanding and manipulation of its magnetism is the basis for further exploring its novel states, and is of great
significance for the in-depth understanding of quantum physics and the development of quantum technology applications.
This paper reviews the experimental and theoretical studies on magnetism in crystals and thin films of MnBi,Te,(Bi,Te;),
(n=0, 1, 2, 3) family of materials in recent years, including the evolution of their magnetic ground states, the modulation of
magnetism by substitutional defects, the effective regulation of magnetic structures by external fields, and the exchange-
bias phenomenon under various mechanisms. Firstly, crystal growth via flux or chemical vapor transport inherently
introduces antisite defects, vacancies, and stacking faults, profoundly impacting magnetism. As #n increases, neutron
diffraction and STEM-EELS reveal rising defect complexity, driving magnetic ground-state evolution: A-type
antiferromagnetic (AFM) order dominates in MnBi,Te4, while coexisting ferromagnetic (FM)-AFM phases emerge in
MnBi,Te; and MnBigTe, transitioning to pure FM in MnBigTe; due to weakened interlayer exchange. High-field
magnetization uncovers defect-mediated interactions, such as strong AFM coupling between Mn and Mnyg; sites requiring
~50 T for alignment. Sb doping further modulates carrier types and exchange interactions, enabling topological phase
transitions (e.g., AFM TI to FM axion insulator). Secondly, in the 2D limit, mechanical exfoliation enables few-layer
samples exhibiting odd-even layer-dependent magnetism. Advanced probes—including magneto-optical Kerr effect
(MOKE), reflective magnetic circular dichroism (RMCD), and magneto transport measurements—quantify layer-resolved
spin configurations, revealing multi-step spin-flop transitions and critical fields sensitive to n and thickness. Odd-layer
MnBi,Te, hosts uncompensated moments, facilitating zero-field QAH (quantized to 0.97h/e* at 1.4 K), whereas even-
layers realize axion insulator states protected by PT symmetry. However, challenges persist: chemical disorder and surface
degradation cause discrepancies between theory and experiments. Thirdly, external stimuli provide powerful control
knobs: electric gating shifts Fermi levels to stabilize QAH; circularly polarized light selectively flips AFM domains via
axion-field interactions; hydrostatic pressure tunes interlayer exchange, inducing AFM to FM transitions in MnBigTe; at
1.5 GPa; exchange bias (EB) arises in odd-layer devices originated from the interactions between intrinsic and defect-
induced magnetic domains without the need of a field-cooling process, enabling programmable Hg via field-sweep
protocols. Outstanding puzzles include the origin of uncompensated moments in even-layer systems, the precise interplay
between magnetic phase transitions and topological states, and defect impacts on few-layer magnetism. Future efforts must
prioritize high-purity crystal growth, interfacial engineering in heterostructures, and techniques like NV-center microscopy
to correlate defects with quantum transport. Resolving these issues will accelerate applications in spintronics and
topological quantum computation.
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