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Fig. 1. Singular topological properties and application prospects of magnetic topological insulators®: (a) Quantum anomalous Hall

effect’); (b) axion insulator state with antiparallel magnetization ?*?7; (c) terahertz radiation?!); (d) chiral Majorana fermions and

topological quantum computation®d.
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Fig. 2. Crystal structure in MBT'5?): (a) Atomic structure of MBT consists of two SLs, whose magnetic states are ferromagnetic

within each SL and antiferromagnetic between adjacent SLs!'”l. The red arrows represent the spin moment of Mn atom. The green

arrow denotes for the half translation operator 7,y (b) cross-sectional HAADF-STEM image of a 5 SLs MBT films grown on a
Si(111) substratel?”; (c) intensity distribution of HAADF-STEM along Cut 1 in panel (b)2%; (d) XRD pattern of MBT films grown

on Si(111)P9.
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Fig. 3. Magnetic phase diagram of MBT: (a) Layer number-temperature phase diagram of the MBT flakel!; PM denotes the region

where the flake is paramagnetic; A-type AFM denotes the region where adjacent ferromagnetic SLs couple antiferromagnetically

with each other; (b) spin configuration of 12 SLs MBT/Pt bilayer as functions of temperature and external magnetic field®’);
(c) temperature-field phase diagram of 2 SLs MBT!7; (d) temperature-field phase diagram of 3 SLs MBT!Y7; the white circles and

triangles represent the calculated spin-flop field uoH, and spin-flip field yoH,, respectively, at various temperatures, showing the

boundaries of the A-type AFM/CAFM phase and CAFM/FM phase; the experimental data points are represented using grey

spheres and triangles with corresponding error bars.
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Fig. 4. Energy band structure of MBT with surface state: (a) The Dirac surface state is gapless due to the S symmetry!“?; (b) the
surface state on MBT(011) with S symmetry!'>*?; (c) the Dirac surface state is fully gapped due to the S symmetry broken!?;
(d) the surface state on MBT(111) without S symmetryl!5*2,
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Fig. 5. Rich MBT topological quantum states. (a) MBT thin films (2D) and bulk (3D) have rich topological quantum states in dif-
ferent magnetic states. QAH, quantum anomalous Hall state; Al, axion insulator; QSH, quantum spin Hall state; T1T, topological in-
sulator; WSM, Weyl semimetal; DSM, Dirac semimetall'08l. (b) Surface states of the MBT (110) and (111) surfaces, which are gap-

less and gapped, respectively[16:48],
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Fig. 6. Quantum anomalous Hall effect of MBT: (a) Schematic diagram of the energy band structure with a band gap in the sur-

face state in a magnetic topological insulator?!; (b) illustration of intrinsic QAH insulators in odd layers!'?; (c¢) quantum anomalous

Hall effect under zero magnetic field in 5 SLs MBTBY,
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Fig. 7. High Chern number of Chern insulator MBT. (a) Anomalous Hall effect of 5 SLs MBT by gate voltage!l. (b) Schematic
band diagrams for the top and bottom surface states of this fivelayer samplel!l. (c) Temperature and magnetic field dependence of
Ry, and R,, in high-Chern-number Chern insulator states with C'= 2 in 10 SLs MBT deviceP. (d) Schematic of high-Chern-num-

ber Chern insulator states with two chiral edge states across the band gap; gray and green indicate adjacent MBT SLsP.

(e) Schematic diagram of band structure of the ferromagnetic MBT, which is a magnetic Weyl semimetal®. (f) Chern number as a

function of film thickness in MBT®3,
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Fig. 8. Axion insulator state in MBT['6:32: (a) Tllustration of intrinsic axion insulators in even layers!'%. The intrinsically gapped sur-

faces on the top and bottom sides have half-quantized Hall conductances, whose signs are opposite in even layers, leading to C' = 0 ;

dpy
(b) gate dependence of p,, and e

at various temperatures with gate voltage V, = 25 VF2.
. W= 4 TLA0AT AR T R AR L Y
B 2008 S 10,
o LR 5 2 SURTE RN (T
HL5), 564 SR TS L. A RS
HHME YA . AR A REI 5 24T, IF HLIK
AR 56 2L . 0 LB T R R R
(O —H TR 12 ST B, AT
o5 o 0 4 R R T
02y = ¢/(2h), FrP A B S ERESE )7 I .
SRRy 5 E TR, 7005 R
VTR . R, (45— e LA RO
5, (T TR B AR, RGMHTRh
PR HE, BT LSS 3 BT S A
B ZPQAHL BE5b, SHENIHL ST, BRI/ H e
. R HOBIRAR AR HL AR 4 T4 T 3
B M = —(n+ ) B s R, S

. . «
J = Jfree + TRQVGX

T in axion insulator statel?; (c) longitudinal and Hall resistivities versus magnetic field strength

m R, o Ak FREAL, HETRES G 50y
el MRESAEIAEIN, B 5 A R
SATRAR A, A E 1 TR, M TR
AL P = (n+ 2) B b2 iy
B TME, 4T 44 A ) T AR
SR, 1T BRI RORE S B 607 255K, TME
U AR ARG BE AR, (R, 240 1 RDF e
L HLHRNE KT B AT 44 A
EAR 1252, B, SLEHEH 19— Y -
4 5 325 59 23R AT 7 LR T4
e AS A

IV T A GAS T 34 0500 1) 7
SR A N T A5 2 A T TP B 2) 0
0 IR —SE B A TR T 3) BORTHR
AR AT TS BRI, MBT 1)y — A
REVE S b2 1, 471 S R MBT 9%

187101-9


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. 72, No. 18 (2023) 187101

PG R A Rkt Gty Bt sl Sl R IR 1 110)
SETCIPRUN. TS B I e ™ WL g 45 2%
. WEUZ MBT # B AFM-z R AE 4l 748
Gk, PO bR RSO O T R RERE AR
WATTF THFBR. B RS T W &S 5 HAEH 5
fiziE T 6 SLs By MBT 7E 22V < V, < 30 Vi 40
LN, 35863 T A L BE R ALK ppe > 4.5h/€?;
[P 7E —3.5T < poH < 3.5T 137 30 [l N 2 SR R4
RN E, B — N ETE pye = 0FH. X2
Y 25 R bR AR RRAE, T U Sy BLAT 5% SLs 1
MBT 7£ AFM 25 (AL 1517, it — 27
1.6 KR N BRI T pow, pye SHHE Ve HE
. FE 8(b) BARER T, 4 Er g B R EE
BT (22 V <V, <34 V), ALK p,. KL
AR A 2 M R BFE ZRUNIE I pye = O F°F
f, HBCAR AR LB (05 P LT 7.
XSG G AGARAR . TR TR T Vel
25 VL, poo, pye BEIREE RIS, WA 8(c) FF
N fE T = 1.6 K, 3583~ MBT 8K\

(b) / Superconductor
- MnBisTey
AW Substrate

A Electrode

w>0
topological

p<0
trivial

H BEL S R 58 1 BT 6 OE T AT A5 1
L. SR R B O T4 S T
BT A MR P A R D R R S R
o T 3 972 T g 5501,

3.3 MBT BSRREESARMERN T

TR, BERARR T EARINERL T
I, AR AR RERL (MZM) A E L h 40 F
PENGAS, — LA 32 R 2002671 Th 2R g i+
M EEAHMERERN TFETEAS, fly=-". H
WA, JCH BE—4E p BN T4 0500 (i 7
AEFNTC H e —4E p + ip FiFNE AR 10T e
ODAFTEZRERY MZM, anf& 9(a). & 9(b) FIEl 9(c)
JER. AHN ML, SEEG A EEE—4E SOC 4Kk 70
YRS TR 10677 DA AL 7581 A MZM.
IS UE MZM 1778 1 [B] 2 UE H6 AT 20 1R H 0 (52391
FVREEL A A 1Rk 70 45 MZM ] DL kAt rs Ak
RSN T R, A R T G S IR R
AR RIEY i R T Sl S R i S N B DR IE |
Sl 1591 PR AR M A R Y 165561,

(c) Edge (d) z
mode Vortex

' Top surface states

AdD dbP

............... aw b E Y

Bottom surface states

Kl 9 MBT SR g4EE () To A BE Kitaey —4E p 018 T R ATHE ) (b) 35 LI p + ip BRI SN S S F5 T4
TR A ; (c) TC B e 4k p+ip SR ), Z 4RI M G RS IT BRI (ML) RS A4 (S) I, 7 8 S A ok il A 5
G BTPE S A st (d) 78 AFM T #'s J8- % SC Z 8] i FHIRA L (K1) B S AN BehEsist (I G MLLEHET %)), (e) MBT

HERE S TR R T 1Y s BT SC HE A& PY

Fig. 9. Majorana characteristics in MBT. (a) Sketch of Kitaev one-dimensional p-wave superconducting tight binding chain without

spin®l. (b) The topological p + ip superconductor on an annulus supports chiral Majorana edge modes at its inner and outer

boundaries/™. (c) Spin free two-dimensional p + ip superconductors™. When the three-dimensional topological insulator is close to

the ferromagnet (M ) and superconductor (S), the chiral Majorana mode appears along the edge mode superconductor and ferro-

magnet. (d) Majorana hinge modes (blue and red arrows) at the interface edge (gray) between an AFM TI and an s-wave supercon-

ducting SCMM.. (e) The MBT thin film is coupled to s-wave superconducting SC on the top surfacel’!.
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Fig. 11. Rich topological phase in (MnBi,Te,),,(Bi,Te;), system: (a) Topological phase diagram in (MnBi,Te,),,(Bi;Te;), system!!!4.

Gray, yellow, and blue represent normal insulators, quantum spin Hall states, and quantum anomalous Hall states, respectively;

(b) phase diagram of the multilayer topological heterostructure Mn-Bi-Te systems in terms of relative spacing and magnetization

[115]

187101-12


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. 72, No. 18 (2023) 187101

(a) Energy

ap/eV
gap/ Electrical neutral

point (bulk)

0.034 f====-g---A---o-momo--

Topological
transition point

Chemical
potential

Electrical neutral
point (thin devices)

MTI

—0.188

MnBisTey

(b)

MnBis(1—4)Sba, Tey

Doping
ratio x

p-type

MnShbyTey

E‘EF/GV

ky/A-1 ky/A-1

K12 Mn(Bij_,Sb,);Te, B9 &P BLBG K BEWE5H  (a) Mn(Biy_,Sb,)yTey B n-p i 56 48 FFHFMAALL & 19 (b) A [F] Sb £

A2V FE /) Mn(Bi,_,Sb,),Te, & 9 ARPES il & (1) G 7 25 14 [&] [116.129)
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Abstract

The interaction between non-trivial topological states and the magnetic order of intrinsic magnetic
topological insulators gives rise to various exotic physical properties, including the quantum anomalous Hall
effect and axion insulator. These materials possess great potential applications in low-power topological
spintronic devices and topological quantum computation. Since the first intrinsic magnetic topological insulator,
MnBi,Tey, was discovered in 2019, this material system has received significant attention from researchers and
sparked a research boom. This paper begins with discussing the fundamental properties of MnBi,Te, and then
turns to important research findings related to this intrinsic magnetic topological insulator. Specifically, it
focuses on the quantum anomalous Hall effect, axion insulating state, and Majorana zero energy mode exhibited
by the MnBi,Te, series. Furthermore, this paper highlights other research directions and current challenges
associated with this material system. Finally, this paper provides a summary and outlook for future research on

MnBi,Te,, aiming to offer valuable references for researchers in related fields.
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