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Fig. 1. (a) MnBiyTe, antiferromagnetic structure (the upper
and lower spins are marked by arrows of different colors)
and its (b) top view; (c) the first Brillouin zone containing
each high symmetry point in the energy band calculation

process.
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FRIEAT(0,0,0), Z(m,m,n), F(n,m,0), L(m, 0, 0).
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Table 1.  The lattice constants of the system under dif-
ferent isometric strains.
Wfﬁiﬂi a=0b/A c¢/A Fiﬁ%ﬁ a=0b/A c¢/A
0 4.360 40.600 0 4.360 40.600
1 4.404 39.793 -1 4.316 41.432
2 4.447  39.027 -2 4.273  42.270
3 4.491  38.266 -3 4.229 43.154
4 4.534 37.544 —4 4.186 44.045
5 4.578 36.825 -5 4.142  44.986
6 4.622 36.134 —6 4.098 45.948
7 4.665 35.462 -7 4.055 46.942
8 4.709 34.808 -8 4.011 47.968
9 4.752  34.172 -9 3.968 49.028
10 4.800 33.554 -10 3.924  50.123

NAE e DA Rk gh i, Hord aoRoR i i
a T RTAR A R

a — aop
77:
Qo

3 ER50

ST SRR AR A AL T B gAY
SEAE AL OO a2 FE 3 BN, Ko PR EER
FHE o S 23R, Ml Tl (valence band maxi-
mum, VBM) FIF4HK (conduction band minimum,
CBM) 73l L BE B R BRER . i 18] 2 R,
T 5% RiZEH) CBM #RAE Z 5. i T SR REZKHT
UL TSI S, VBM MW Z A8 I,
IFH T -L Z il Ea— st (B I AR )
BEE L NS RS ITTTZ T, LR = 6% R
ﬁﬁ%ﬂﬁﬁﬁéﬁ*ﬁ/fﬁ T 5 A 2 ph I 2 33

45 SR RE IR AR S K 2 IR G AR 5 4 s AR 1]
EI’J-tsz:’Tr LML T ITRE, BT ORI MnBi, Te,y
A3 T s S BT A 185391,

P 3 by X R 2R a0 A [ A 14 25 1A AR 4 i

A8 I A B R REA . R AR R4 N (-3% LAY

) x 100%.

047101-3


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

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 4 (2021) 047101

=¥

)

1.0

ol R@f//j ) »\\C@% \?“V\““Ofww\\_ AN
SHURRVBR AR
B2 (a)— (f) SRR N A8 1 F R (19 BB 4544 [

Fig. 2. (a)(f) The band structure diagram under isometric tensile strains.
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EVAVIV) //\\x\ i
LA ALY

FZ r Lrz F T LII'Z F LIrz r Lirz F I L'z F I L

B3 (a)— (f) SFATRIRGR N AR AR IR B RE Y 4514 14

Fig. 3. (a)—(f) The band structure diagram under isometric compression strains.
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Fig. 4. (a) Variation trend of total energy of the system with strain; (b) evolution regular of unit cell lattice constant with strain;

(c) the effect of isometric strain on the band gap; (d) part a enlarged view of the dotted frame in Fig.4 (c). (The evolution trends of
the bottom of CBM and VBM with strain are also given).

Bl 5

N [ S5 A ARURE A8 A1 P B P 2
T

,'*-/." il W L D
AN 2% 2w % B

v

(a) =10%; (b) —5%; (c) W AIRZFR; (d) 5%; (e) 10%. Mn, Bi, Te JFF {7 & H

AN TR B8 A BR X R AR 5 (1T 0) F1(001) fil 1T B 8 S5 s BR 72 TR 20 30 0 x d B2 0.41 x d (XA AR : 41 (B 13% o Ha gy 15

i, e HL 7% 10 B R

Fig. 5. Charge density diagram after different isometric strains: (a) -10%; (b) —5%; (c) unstrained system; (d) 5%; (e) 10%. The po-
sitions of Mn, Bi and Te atoms are correspondingly marked with balls of different colors; The crystal plane (1 1 0) and (001) are

0 x d and 0.41 x d respectively. For saturation: red takes 13% means charge increase, blue takes 7% means charge decrease.
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Pressure strain control of electronic structure of intrinsic
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Abstract

MnBi,Te, as an intrinsic magnetic topological insulator has attracted lots of attention. Since the electronic
structure of MnBi,Te, is quite sensitive to the change of lattice constant, here in this work, we use a first-
principles method based on density functional theory to implement the isometric strain control of the electronic
structure of MnBi,Te, antiferromagnetic bulk. The so-called isometric strain is to change the lattice constant
under the premise that the volume of the crystal remains unchanged. Our results show that the energy band
structure of the system changes sensitively under the action of isometric tension and compression strains of the
material, and the system has an insulator-metal phase transition. In particular, when a certain strain is applied,
the conduction band and the valence band cross at I', and the system presents a zero band gap state. Under
this strain, the band inversion can still be observed, showing non-trivial energy band topological properties.
According to the charge density and local charge density maps under different strains, it is found that the
isometric strain will affect the interlayer spacing of the system's seven-fold layers. The isometric compression
and tensile strain can increase and reduce the Te atomic layer spacing respectively, indicating that isometric
compression is beneficial to reducing the antiferromagnetic interlayer coupling. Through the control of isometric
pressure and strain, we can master the change law of the electronic structure of MnBi,Te,, which has important
guiding significance for the research of physical properties and experimental preparation of the intrinsic

magnetic topological insulator MnBi,Te,.

Keywords: MnBi,Te,, stress-strain, intrinsic magnetic topological insulator, first-principles
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