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Fig. 1. Quantum Hall effect and Landau levels: (a) Transport characteristics of quantum Hall effect; (b) Landau level diagram of

conventional two-dimensional electron gas in magnetic field; (¢) Landau level diagram of two-dimensional Dirac fermion system in

magnetic field; (d) diagram of quantum Hall chiral edge states in conventional two-dimensional electron gas; (e) diagram of

quantum Hall chiral edge states of top and bottom surface states in topological insulator.
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Table 1. Properties of quantum Hall state in topological insulators.
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Fig. 2. Quantum Hall states in topological insulators: (a) High-quality Quantum Hall states in Sn-Bi; ;Sby¢Te,S devicel”; (b) rela-

tionship among temperature, thickness and energy gap of quantum Hall states in topological insulators 39,

177302-4


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 % 3R Acta Phys. Sin. Vol. 72, No. 17 (2023)

177302

XTI AR, TR B MK B LK Z
[i) P B ity mr 0 P AR e b L0 58] o1~ R JR RUN
LR ROBE AT ARS8 3 M0, nlEl 2(b) Fis.
1M HL, A TS e R AR S TR R A
RESCIN TR, X B AR PR T A B S B i
TRERSHEBFEHEILT cm?/(Vs) 245, 3%
SEHR R T AR NR T AS A 2SR, X
TR AN RIS, A Sn-Bi; 1Sby o Te,S %, 1]
PATE IR ABFF T P =E 5 A P AL

4 FEAKRERIETERMBWATE
TH
ETERSHERUBHRITELR

FI MFE BiSbTeSe, H 5 BUFA MR 1M 45 1 1 1
BIRMNZ )G, =AM ik rh & 12 /RN )
F 5 L 5 YR U Rl — 2 AR
Horprig 7 RS RIbR AT e — B R J7 [h).

FAEALBEN (renormalization group flow, RG
flow) SEAAR i T /RS RA T Be. @i w2 H
FHK o =lo,, + o, WERERY T, 7T LALER
Tl (0, 04 F2ERRI 45 B RALRER AT BT,
P b 25 0 0 R AR R I Y, 6T RAAERY
BRI, TE 0, N0 B 1 H— RN
SAEAE 2 A F20E [ 22 &5 (stable fixed points), HJ
(0, 0) #1 (1, 0). Fealldth, TE—&E KT, BT EE
[E] 22 AR, 2R N B 2 A AE — A AFRE 8 E A
(172, 1/2), EApE LT A F AR R 20—
AREIE BAREE R, WA 3(a) Fs. XFhE AL
A4 77 2[RRI T 0 0 T RO B A
T B R IR ARV B S A TR R A, R Hx

4.1

(a)
Oue A

(1/2, 1/2)

(0, 0) (1, 0) oy

B3 R A A A AR

oz(€2/h)

IO S 1 A2 1 23 BT AN

X FASCHR MR T AS 1 T 2R R, He AR
AL FUEX TERARINR A, H— RS
FasE W s (—1/2, 0) Ml (1/2,0). Wi+ 24
FiFbFR AR R DTRk, EAE IR 2 S REHE 1
TEOUT, b b i AL S DA R i
TR IRBN R FEAR AL Y.

S b I R IR MR R S Ok
SEPREE ST AT RSB,
BB AN SR, T AR R B — 5%
TR, XARLAEX AN SEOAT T 2R

F, TR 20 ) A AR, HARIR ) (-1, 0)
(0, 0) 1 (1, 0) X 3 AMIEE A (k) 5 MR 7
[ra) A G ) 01, T iR 3K By 1290 e 37 5K 3 1) e e A
it (31 A A 2 43 U 1) AR A [ AL IR L
X HL 3 Aoy UK Bl i AL BE AR AT A R 1Y
PREERR.

ETERTERTHNREXR

M SRR i RS R T o R — A
Y H s FEAE . S5 5 b AR S BT R ) LT So-
Bi; 1Sbg g Te, SHRE T HREE 5 R AFERE . 75
X B A TR RS, IR BERT 20 K,
R RS AER T i A R Ry TR 1A
TS 1B 5 T 20 KA, HAFE AN 4% A8 S POk iy
520 B,

E— M, TR B R A AR AT A
FRHER T BRSO AHE (quantum Hall pla-
teau-to-plateau transition) j&—FiE LA AL TT N,

4.2

20y = —1/2

ou(e?/h)

(a) 21 BT R BE 09 TR AR TV s (D) #4208 G (A v i 50K 5 ) o4 A it 1)

Fig. 3. Renormalization group flow of quantum Hall states: (a) Semi-circle renormalization group flow; (b) gate-driven renormaliza-

tion group flow in a topological insulator!*,
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Fig. 4. Scaling law of quantum Hall states in topological insulatorsP?: (a) Quantum Hall plateaus transition, Hall resistance (upper)

and longitudinal resistance (lower); (b) scaling law in plateau transition region, relationship between dR,,/dB and temperature (up-

per) and relationship between AB and temperature (lower).
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Fig. 5. Quantum Hall states tuned by magnetic modification and proximity. Renormalization group flow of quantum Hall States be-

fore (a) and after (b) magnetic cluster modification*; quantum Hall states with h-BN as the dielectric layer (c) and CryGe,Teg as

the dielectric layer (d)Sl.

177302-7


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. 17 (2023) 177302

KACELZ, SRR TR 454 A AR AL,
AL LAAS SISO A ) 24

Xt FJRBEAE 100 nm Z2 47 i BiSbTeSe, £ i,
XCHL 2 AW AT DAk ST R R 2 ASRE A, A
B3 —FR5 LT REA RO N F A&
A, WE 6(b) Fiw. 1T R MIETTHE 55
N (—=1/2,1/2) 8 (1/2, —1/2) i), g BEE
IR, FEAEREA ) L BH S I — A BRI, X
Pl b= G OE S X BRSO P U |9 P 1
(nonlocal) W 5 1% 48 DU sk I 2 19 LU AL, 7R T
Prifi e R B MR R 6 B a4 oL, kW]
TRV 5 MFE RO S AR TR, Ui T X HURE
OGN ZGEE s ] REAELEARE R SR BT T
ﬂ{l [40]‘

A RE S T, B RN A 72
TRUAS [R5 100 P U ) 4 D) 2 15 381 A 450 1)
5. X T4 240 nm JE 1Y BiSbTeSe, #£ i, Fl
FHRSUH 3 4% S Hrd bR, K 2 AR
PEE LTS 7O, DORE T T Y TR R IAS
FE A — 3 G b2 Rl ), T A e AR TR, FE Xk
JEEERRE S SCE I E] T — RN IR R
TEREGE. OREy, Rk hsmE S
RS RS G, X 2 MR
[ FEAEAR BAE ;S AH BAE AT, R R
HE T A R T S A AR A S A, sh S
RN E R4, W0 6(a) FizR. 15 TR
WIE, MEAERS, i as] TIN5, X
FoAE B AT LA FEL AR b 2= 34 S R R 3R

(@) Vie/V
-4 -3 -2 -1 0

1 [ 40
1 I
80 & 30
1 |
o 20
1 I
—60 | | _55V 10
> _L 1y 1y 1 of Z
) 2 2):(2* 2)}(2* 2) 2
= 11113 —40V =
—40 4 =3 f (3:2) : (3:2) ol _
******* RN i 10
,,,,,,,, (723 | (2 | (&3 _%0
SN T L

[ - ;
Ouy/00 —2 —1 0

(b) | aaa— |
Oey(e2/h) =5 —3 —1 1 3 5

AT 320 2 55 22 () A HCSR SR B, EL AT DA i) Land-
auer-Biittiker 22X RARALIIX L 1518 50,

MR R ASS S AU R 2 5 AT
1) iz 0 42 Y. Sl o X AS [A] ) B2 BiSbTeSe, A i
PR SUB 2 B B, Bt A ot S B /s, BT
T B YRR R . AR R <16 nm B, 24>
R PFN S E—R, MR TER G
AR AR AR LM T HL R M A Y R BT BB
SRR MK 6(c) Frn. MAM, XAfEE T
BiSbTeSe, M/ HLH £ e “F-1207% 28.

VI i ok e A S5 44, RO BT 2 A3k
K Hn—"2RME, K% 2 S REAFEREE
BLEAT . BEAh, AT LL3E I 7 — S R R 43t
WEHRAR T P T8 A 9 p-n 45, 5B HAmiz 17 R
PR, TREH T P S RE 5 R R,

e 7] 5T 2 A [ B A1) 1 DU T4 $h 46 2% #& BiSb
Te1_z5sel_75 ':F', IEJ#XJ”L{)”'J@JT%?I*%EZEE‘JE?E
RGN 2. 3 3 Jey S8 THUA )+ B A 3 i P T PN Al
FE, AT ATE A 3R T 28 SE AR B n-p-n 251945
by, AEX A gt b, o TR /RIN G ASTE n-p M
p-n 25N FH TR, N FEf iz g
BRI TR R T — R5 5k i+
6, BV G0 LG T 4 A8 0 A% 1L i
Y Landauer-Biittiker 242 RARL .

53 ETFERSHARESETER

J‘Iﬁﬁﬁﬁiﬁf uﬁaﬁ Sn—BlllsbogTegs %?I\%E
AR FERS. AT REPRE, 11 pW OB

6 bR A BT RO A (a)—(c) BEEEREUR/DN, 8 R AR TE SUMHE 42 T B9 [ 47 2y 105051

Fig. 6. Dual-gate-tuned quantum Hall states of topological surface states: (a)—(c) different behavior of quantum Hall states with de-

creasing thickness/40:50,51]
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SPECIAL TOPIC — Quantum transport in topological materials and devices

Research progress of quantum Hall effect in
topological insulator”

Zhang Shuai  Song Feng-Qi '
(Collaborative Innovation Center of Advanced Microstructures, National Laboratory of Solid State Microstructures,
School of Physics, Nanjing University, Nanging 210093, China)

( Received 30 April 2023; revised manuscript received 4 July 2023 )

Abstract

Three-dimensional topological insulators (TIs) with gapless topological surface states (TSSs) have attracted
considerable attention because of their unique properties. The transport of TSS is an essential means to explore
the novel properties. The quantum Hall effect (QHE) of TSS is an important content in the study of topological
insulator, for it is an important characteristic of the pure TSS transport. This paper briefly reviews the recent
research progress of QHE in TIs. Firstly, we introduce the fundamental concepts of the QHE in TIs. In a three-
dimensional TI, each TSS contributes to a half-integer QHE. An integer QHE should be observed due to the
existence of top and bottom surface in TI. Then, we review the realization and development of QHE. With the
optimization of TT materials, the QHE of TSS is observed in bulk-insulating T1Is. Next, the phase transition and
scaling law behavior of QHE in TIs are discussed. The dominance of electron-electron interaction of the TSS is
revealed by the anomalous critical exponent. Also, the experimental studies of the magnetic proximity and gate
voltage modulation of the QHE are reviewed in detail. Finally, the perspectives of QHE in TTs are discussed.

Keywords: quantum Hall effect, topological insulator, Dirac fermion
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