Chinese Physical Society

M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

= HFRINBLAR antidot PEFILE M P R BURE IR
REM HVx Ref BiEHk Rk

Magnetotransport in antidot arrays of three-dimensional topological insulators
Jing Yu-Mei Huang Shao-Yun Wu Jin-Xiong Peng Hai-Lin Xu Hong-Qi
5| {5 & Citation: Acta Physica Sinica, 67, 047301 (2018) DOI: 10.7498/aps.20172346

1E 251515 View online:  http://dx.doi.org/10.7498/aps.20172346
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/14

piad /\LE?EHESEE

Artlcles you may be interested in

=Yk a-1GZO iR (1) HL T - FL A
Electron-electron scattering in three-dimensional amorphous IGZO films
YyE = 4.2016, 65(16): 167301 http://dx.doi.org/10.7498/aps.65.167301

AR IR TiOo 4K Lk Hafiviz M BE B RE M S bl B RIS AT 9

Electronic transportation properties and magnetoresistance effects on single TiO, nanowire under ultra-
violet irradiation

PP 224%.2016, 65(9): 097301  http://dx.doi.org/10.7498/aps.65.097301

PN A TS
Universal conductance fluctuations of topological insulators
YE = 4.2015, 64(9): 097202  http://dx.doi.org/10.7498/aps.64.097202

PR A SRS WA T A4 8 B

Persistent currents in mesoscopic graphene rings with armchair edges
Y224k .2015, 64(1): 017302  http://dx.doi.org/10.7498/aps.64.017302


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.20172346
http://dx.doi.org/10.7498/aps.20172346
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I4
http://wulixb.iphy.ac.cn/CN/abstract/abstract68072.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67186.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract64502.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract62377.shtml

38 % 4R Acta Phys. Sin.

Vol. 67, No. 4 (2018) 047301

= WM AR antidot FE S5 TR Y
HEBUR TR

ORI

e

= 412

MY fpuER

1) (IEsUREA T2 R, GRS EE S50 2 30H PR RSk Ie =, B T8 b R R SEie %, b5t 100871)

2) (bR 57 TR, A TA5REEMERE SRR, bl FRSHE R LR E, PRI O, b
100871)

(2017 410 A 30 HIk#; 2017 4 12 A 6 HUREMEEH )

M 2R £ B SR P BORAE $h A 8 251K BioSes FEHR 1 21 1t 17 94K REZ ) S s, (antidot) F551], I3 il {F
M =AAFREAT T RS S ST T, ARIR T, BT s F f EOUL 5 2 W1 0 (1 58 S RIS RORE. i 1 %
55 SR A BRI 23 BT, R — (Dev-1, &4 antidot FE51) FIZEAF — (Dev-2, &4 AR antidot
B R AR 2t — > AL E B R T RIS R 8L, BAEST = (Dev-3, &4 AIIEL/INMG antidot F541]) HfE
WA UL 5% BB ARAR P T A7 AE PN 3 A IE, TR A0 IR T Dev-3 RPN H — /3 UBE £ & T

iz R4

KA FHNAZAE, antidot FEF, 55 JREL
PACS: 73.23.-b, 72.15.Rn, 73.43.Qt, 62.23.st

15 =

AN Gk — M R A5 RS M T L
G (CHER) BERIS (S4B R) TR TY
AU Zgin g hm RIS RAE LR E.
KBS R &R, R IMRY, I A BT R AS)
BT AR ZRAEBIUE . X SRy 1 2R T A A HEL
JRAE = SR AN B S AR AEWT TR B R L H e
F 2RI A S AU () A s
SR AN G AR R 1 WA AL O] S B 2
TR RN A T B Se R SR 2R T
B R IR B 1 DTRR, ZEALER B IR I A7 AE
TN RIS B E 7T 208 P IR HE. H AT,
SR b 9 KA PR A B T s ik,
FORIEIRINEGARPUR G, INPIR TR K L&

DOI: 10.7498 /aps.67.20172346

R K T FP R R B e T T R T A AR 1
% 55 (antidot) FEFIZ B A £ & s Y8R 1
gk 12 e AT 51N U o, R AR
BRI R R DL R TR Tk R E T AT
RN, Ak, 51N antidot BRI, #E— D3k T ik
Y LR R TH A AR R, R TR B RIS
X AL T I ) DTk, XA DTk mT DA ) =
T& H ST 4 T L AR AT . —
R, YRR S SR TR — Mo s, T
THERMA T RS ARSIE, SR 2 iEE
K 25 AR, H AR AT BEARST TR — B kT S
BIWIE, (15 4T i s IE HE .

ASCR) A B T R 0 il R R AE = 4 ¥ 4
2% 1R BiySes 1 I i T 7 44 2K R 1) antidot [
B, FEAEARMR T XF B A 16 = A s R 2 kAT T
RGHEERIENE, #7707 5] antidot BF 71 4514

* B K U R TR R TERI (HEHES: 2016 YFA0300601, 2016 YFA0300802, 2017YFA0303304, 2017YFA0204901) F1E 2% H 44

Bl 4 (HEHES: 91221202, 91421303, 11274021) % BhHIEE

T #E/E#H. E-mail: syhuang@pku.edu.cn
1 #E/E#E. E-mail: hqxu@pku.edu.cn

© 2018 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

047301-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172346
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 67, No. 4 (2018) 047301

Xof 30 T 4 2 A B s RS R s ERIR R, =4
AR 2 I 55 R A (weak antl—locahzamon,
WAL) & HH s Fe k.l ot 28 140 0 2 20
IR LA SR EL T AHOCY) BE S 4, B e -BE
A KIE Loo FALAH T BE L, FETE £ o KT,
KA AF — (Dev-1, A E A antidot B 41)) F 5 £F
- (Dev-2, A A MECKH antidot FEA) £ 4R 2 H
—/NFHEEEFNE TR RS, BESM=
(Dev-3, & Ji /N B antidot FEF1) HEE B A W
SR ERRIRFE T AEE PRSI 5 FUE TS, 1 7
FERHE il X — A S I E E R RIs IR, S
HX Dev-3 HH 3 AN 7 G LR 1Y) T R4 B
B, 255 28 S5 EAT T DB 2.

2 % R
2.1 BEHEHIE

S H) Y04 L H- 01 AR I8V (van der Waals
epitaxy) 7E % it = BEA B B AR K T B R 1 4
Y8 K BigSes WM M1, ISR S n T. T 208
Hl 4 AN B 1 (a) AT B Hall bar 2845, BAA TS
BRI 0, R R R ETFHRAR
PEFRFIR 2 T2, HIEEE N 5/90 nmﬁﬁﬁt/é%
We; 36 00, B R AN ERE R T
ZV T2, Hi4E Hall bar Z5#4); 58 =20, i HI 54k
BT R Z AR AE Hall bar #% 0 X35, (B 1 (a) H 4L
it fig 28 HE T 7 X 350) B L antidot FE 51, A< S &
WEF T FrdlE M = A B A AR MM 24, B Dev-
1, Dev-2 # Dev-3. & 15| 13X = ANl & #5471
Stz 4, AFEFE MR ¢, Hall bar K L, Hall
bar % 5 W, antidot fF{iE S5 W EAZ d AP AN T 4R
antidot i1 % B30 G F B a. W] LLE B =00 & 2%
111 BigSes JEE#AEH . JLHJE Dev-3 H BiySes
()R BEAUA 7 o, T A5 (9 H 9 o E 0 b SR T
A5 BT TR PR3 23 5 A A4S BT DT R AR 23 0 LGB K 1

KIBZ. 54h, 51N antidot FEH 23— 25 36 K
PPN RIS I DT BRAE MU AF 1 R P A S EE. Dev-1
] Hall bar [X 8 A il T antidot £ %1]. Dev-2
antidot B EL42 d = 300 nm, P NUT4R antidot 121 2%
B ZREEE @ =700 nm, 11 Dev-3 # antidot f H
% d = 100 nm, P 2E antidot 121 2% 211 2 119 4]
#ia =200 nm. ¥4 Dev-3 HH antidot 1% & KT
Dev-2. K1 (b) #& Dev-3 H' antidot [ 51 (1) J5i -+ /)
i 8% (atomic force microscope, AFM) K%, F
A BN RS A AFM 4 B

(a B dir Tlon /l— —l

1 & Eit LR R RER  (a) Hall bar #3445 &
T P 2 B, TR Hall bar 25 FR1 K G Ry S brds
PRI G BB, LB LAET7R N Hall bar 0
X, HI1EE antidot FEFIALFIXAMZLIX; (b) Dev-3 Hrib
F Hall bar #0 X 15 antidot [ 5 i) AFM E§, 4 EAf
T EDY /NGB TE A AnE R AFM B1E

Fig. 1. Schematic illustrations of the device structure
and the measurement setup: (a) Device structure and
optical microscope photograph of an actual device, the
red dashed rectangle area indicates the core region of
the Hall bar, in which an antidot array is fabricated;
(b) AFM image of the antidot array in the Hall bar of
Dev-3, the inset shows a high resolution AFM image

in a small scanning area.

#1 EAMRENESRRSHSE A T = 0.04 KINHHZESH

Table 1. Structural parameters of the three representative devices used in this work and their transport

properties extracted at T'= 0.04 K.

BT t/nm L/pm W /um d/nm a/nm ns/ x 1013 cm™2 pu/cm?.V—1l.g71
Dev-1 ~20 75 75 — — 3.5 450
Dev-2 ~20 75 75 300 700 3.5 200
Dev-3 7 10 5 100 200 6 61
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Fig. 2. Magnetotransport characteristics: (a) Normalized longitudinal magnetoresistance AR(B)/R(0) as a function

of magnetic field B, measured on the three selected devices at temperature T = 0.04 K; (b) magnetoconductivity
curves Ao (B) of the three devices in the low magnetic field region (|B| < 0.5 T) at 7' = 0.04 K.
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Fig. 3. Weak antilocalization effects observed in Dev-1 and Dev-2 at low magnetic fields: (a) and (b) Temperature

evolution characteristics of the magnetoconductivity curves Ao (B) of Dev-1 and Dev-2, the colored circles are

measured data and the black solid lines are fitting curves based on the HLN theory; (c) phase coherence length L,

and the spin-orbit coupling length Ls, as a function of temperature T', the black straight lines show the exponential

fitting results; (d) prefactors « as a function of temperature 7'
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Fig. 4. Weak antilocalization effects observed in Dev-3 in

low magnetic fields: (a) Temperature evolution character-
istics of the magnetoconductivity curves Ao (B) of Dev-3,
the colored circles are measured data and the black solid
lines are fitting curves based to the two-channel Eq. (2);
(b) Lso, Ly1 and Lo extracted by fitting the experimen-
tal data to the two-channel Eq. (2) and L, extracted by
fitting the experimental data to Eq. (1) as a function of
temperature T', the black straight lines show the exponen-

tial fitting results.
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Abstract

Three-dimensional topological insulators are a new kind of quantum matter featured with gapless Dirac-like energy-
dispersive surface states in the insulating bulk band gaps. However, in experiment, it is difficult to study quantum
interference effect of surface states due to considerable contribution from bulk carriers in thick bulk material. To
suppress such a bulk state contribution, nanostructures, such as ultra-thin films, nanowires and nanoribbons, have been
employed in the study of quantum interference effects of the surface states. Here, we report on a magnetotransport
measurement study of nanoscaled antidot array devices made from three-dimensional topological insulator BisSes thin
films. The antidot arrays with hundreds of nanometers in diameter and edge-to-edge distance are fabricated in the
thin films by utilizing the focused-ion beam technique, and the magnetotransport properties of the fabricated devices
are measured at low temperatures. The results of the magnetotransport measurements for three representative devices,
denoted as Dev-1 (with no antidot array fabricated), Dev-2 (with an antidot array of a relatively large period), and
Dev-3 (with an antidot array of a relatively small period), are reported in this work. Weak anti-localization indicated by
a sharp peak of conductivity at zero magnetic field is observed in all the three devices. Through theoretical fitting to the
measurement data, the transport parameters in the three devices, such as spin-orbit coupling length Ls,, phase coherence
length L, and the number of conduction channels «, are extracted. The extracted Ls, value is tens of nanometers, which
is consistent with the presence of the strong spin-orbit interaction in the BizSes thin film. The extracted L, value is
hundreds of nanometers and increases exponentially with temperature decreasing. It is found that the magnetotransports
in Dev-1 and Dev-2 are well characterized by the coherent transport through a single conduction channel. For Dev-3,
the magnetotransport at low temperatures is described by the coherent transport through two independent conduction
channels, while at elevated temperatures the magnetotransport is dominantly described by the transport through one
single conduction channel. Unlike the case where the transport occurs dominantly through a single conduction channel,
the transport through two independent conduction channels in Dev-3 implies that at least one surface channel is present

in the device.
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