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Fig. 2. Conductance fluctuation phenomena of BisSes bulk: (a)—(c) show the dG-B curves at different

temperatures while the field aligned with three crystal axes, curves from up to down corresponding to 0.3,
0.5, 0.7, 1.3, 1.8, 4 K, respectively; (d) the MC curves at different angle 0; (e) 0Grnms as a function of 6;
(f) the self-correlation functions at different angles, where function C(B) defined as C(B) = F(B)/F(0) [29].
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Fig. 3. Analysis of UCF data: (a) the R-T curve, the left inset is the AFM image and the right inset is the
Arrhenius fitting of R-T curve; (b) the MC curve at T = 2 K, the red curve is the polynomial fitting result.

The blue curve is the conductance fluctuation curve after substracting background; (c) the 6G-B curves at

various temperatures; (d) temperature dependence of GRS -

L Sk VR i 28 (0G-B Hi1£R). B 3 (c) i NATHIR
FETFHI0G-B IR, BT WL, AHRL o5 0 7E AR
FENERE S I W H, MERE TR, Bk
e P 2RI/, X HE R T R Sk T R T A
PIRTRE. DR — 5 T, #Aisg s e A Bl I %
T e R R R 3 5 — U T, PR R R AR AL
[ S kv, SRR EE T ) AR 75 =2 0 SR BRI,
EAVTAS T 56 2 A HH AH IR (1 ok 94 R AE . B AE R — i
FEN, SUR R A 5 ), A7 RE RS 58 4 AR [F] 1
§G-B M2k (X AE 53— AMFE 1 RESns it 28 15 21
WEBH, SO R FEIR). BT LA, b s i TG B L S K
% — B IR T & T AN, 1 UCF #A8 1E 47 7T LA
WIZI 4.

UCF 3 b A — ANRFAIE A2 H 5 5k 75 1312
JiARAE (0GRrMs) VA — AN E T H T e?/h, HiZ4
FEORFES RSN TR TR (L < Lyg), AP
KRR — T IX. TERATIRE S Ly 29
9100 nm (3X AT EAMTHE 6G-B it 2% (1) H DBk R 2L
F(AB) i3 3), # & RTEMCKER, S84
R LMW FER S T N = L x W/L3 M

FIX, EATZ AN 2 R85 BORAT B S B 25 2R
TEMEE RN 0GrMs. BN, &3 Fros BRE f 2
T =2 K 8Grus = 0.008¢2/h. K3 (d) Borifi2&
ZEE L 0GR B B HI A R AL RBCIRATTAY
KRG LN HRG (Ja S UE L2 k), R
# 4 UCF # i 191, 1] A1 3 0Grs BEIREE (K145
JER RN GrMs o< (InT/T)Y2. 3 (d) 7T LLE
t, S8 5 R R AR AT

4.2 BiyTe,Se#fj K 7 — # UCF 45 1
HWEE

IR 0GRrMs P iR B IR FE R R IR UCF B
TUERRAE, T 4E UCF v] DLJE Ik AR A B I R
ket — L I0E B2 X IR AT EEN .

W AT IR, R4 UCFE 48 802 AN A
WS RATHI A T R R B KT — AN A
YR, { RS AN AAAE— AT 0
I (A0 B 4 (a) PR), B 5 2% 2 A2 T RARA 2L
T AH A5r R 5 A1 g 3 A6 1 T E 18] 1) 43 2 0%, R

097202-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 64, No. 9 (2015) 097202

A-dl « Beosb. TR, Fiti 8B ENRT
i 55 St R T Beosd. UL, — 4 UCF [
Fh S P4 ot S WS — B, B4 (b) SR T
R O 1 6G-B 12k, B 0K, 1 5 R
77 1 BB AS E) AR . B4 (b) sPARIC T
SN S p1, p2, p3 AL ELBE 0 1Ak, 1

(a)

Peak position/T
o

p2

pl

0 10 20 30 40 50 60 70
0/(%)

4 B3R 4k UCF FHE

EATRIEA F 2 0 1R B, T LUK BLE AT IR 4F F
A1/ cos O B (B 4 (c)). MIMUERH T UCF [
YERFPE, X IRAE I N2 G AR o 52 31 — 4k 1)
UCF B %. XFp 4 UCF FIRFE BE 5 1 B br 1 1)
HoAt /N 4 7 BigSes %3], Biy 5Sbg.5Teq 7Seq 5 P4
Kawazulite(— Ff il 73 41 L 4 Bia(Te, Se) 2(Se, S)
(ot ) o) ep s L T

MW"“’”’“““""“ 90°
(b)

0.2} 750
60°
45°

'Nw 0.1+
~
V) 20°
o
10°
0.0
pl p2 p3 0
1 1 1 1 1 1
3 4 5 6 7 8 9
B/T
0.009 + + + T (@)
T \
< Y
© 0.006} | +
£ \
= \
o \
154 \
0.003 | ++
0 20 40 60 80
0/(%)

(a) — 4 UCF (IEFUR L (b) A0 6 (1 ) 5G-B #iZk, 3t p1, p2, p3 5

LT = UERE 0 AL () pl, p2, p3 HIWERLY 0 HISE R, KL 1/ cos 0 BN (d) 0GRMs 5 0 KRR,

R 53 AT

Fig. 4. The two-dimensional (2D) UCF nature: (a) the schematic diagram of 2D UCF; (b) the dG-B curves
at 2 K, the black, red and blue circle-marked lines respectively show the similar features, namely pl, p2
and p3, in all the dGB curves; (c) the positions of the UCF features plotted against 6, the black, red and
blue data are from those of p1, p2 and p3 in (b), respectively, the solid curves are the 1/ cos @ fitting; (d) 0

dependent dGRr\s, the dashed curve is for eye guiding.

FAVFIIE, NGRS s 2 = 4
PRARRN 4 R A L. 7E BioTeoSe R &, R
BHORBER O AT BB, (EARAR A FUR B 2
S A AT BETE AR B A B S5 [6:5657) T STk —
SERIHR. (H2, =4 UCF R iEA 2 231
1/cos O JFAE. LA, bR —4E UCF MiZkH T
RIS, AN, 0Grvs B 0 BRGSO RF % 4G
w(E4(d). BT=4ERGMETAEART L
HRBE NS A2 B WL 1%, H 0GRMs XT 0 AN BUEK.
((ERO R g2 77X A i R 11 B Sl w02
TG A SZHIAT N, T FEOGRMs X 0772

FEE AR, WK 4 (d) BiaR, 1£0 < 45° B, 8Grus
JUFAZ 050, X 2R &£ 5 HES 1 52 m;
MAEG > 45° W, KA I o1 k& #r i, 55
8GRrMs HIH K /NE 0.003 €2 /h FEA. {E60 = 90° i,
a3~ AT T G KA Bl ), 3R T2 A8 G IR AN B AR
fid HLBEL, X BRF Y MR B EHARAH TR, BT RL, 0 = 90°
W) UCE Rk H T4 (B4 (b)), (20 ki g5 i
UCF A m g L2 RA NS S8, AR
6 #1751 WAL Wl 5 45 5t R W — 4% i 1) e
PE, ITTEE— R 7 i b Z4ER S His &

ERM4iL.

097202-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 64, No. 9 (2015) 097202

IR aE sk 0 19 5 SIE B #iE R AIE (UCF,
WAL) [ 4451, I [ SR ML IX 28 — 4 () fris 4
AERH T e RMIA. ZE WAL Z, &
GRAR AL T =40 E. X H B LM T
KB, XAy H— @i UCF &M
5, I 4 (b) B0 = 90° I M55 1) FEL Sk 7% ke
PR T ARAE, FAR PR = gk 28 P 25 2508 v DL S #E H
—AN12 nm K IAHTRBE, B RAR TN FZFE S
JEJE (62 nm). FrLL, RGHEM I AL T = 48X
R, LR WL, B — Rl R AR AR T K
75 08 WAL R¢87, B =4 WAL B8 B8] 23 bkt
AHTE O = 90° [FI MR, 159 545 B2 TKEL N
34 nm, /N TR RS, & U A %

10 pm

0 100 200 300

T/K
0.010
(c)
~ 0.008
RN IRRLTIIEY
S 0.006 } } { { *
0.004

0 02 04 06 08 1.0
B/ T

FE & A 00 82 31 (1) — 48 UCF F1 WAL R E /2 th &
A5,

FRATIN & T VE 2 FE S B RS IE R PO AR 3L
T EILEE S T —4E UCF A WAL H-1E. (HIHASZ P
A FE SR AT AE TR 1 = SRR, 4K 22 BORE S 1 A
FAH T KA 60 nm 247, T AE 55 tB7E 60 nm
Fod, FEEFE N pn, B 5 BR T 47 nm B
FE S I 4T R, HARM AR TR 50 nm, X5t
Ut B A A SR b Ab T = 4 1) AR R S R X
XA T (1 M AH B Tt e R I — Tl i — 4 11
FE R PE, XL T N R T SRS AT N S,
T B R HAh T 1 R HE bR v e R K DTk T T
PRG35 13k 4 9.

340 1

SR

EBL
280+

0 02 04 06 08 1.0
B)/T

Ly/nm

5 [MAESAN UCF M (a) R-T ML, B2 DB, (b) AR B) AN 1 6G-B Hh4;
(c) 5Grats 5 By W%F: (d) Ly 55 By MR, ML TH MI R A B R 2

Fig. 5. Tuning UCF by a parallel field (B)|): (a) The R-T curve, the inset is the optical image of
the sample; (b) the 0G-B curves at various B)|; B|| dependence of 8Grums (c) and L, (d), the inset

of (d) shows the magnetic field configuration.

U1 5 () (4 BT 7%, R g R it L —
LR (B, ) M—FAT (1 19) 8% (By), T B,
R R A RS, 1) 2400 AR T 1
T T E By T By, W4 G-B,

HH 28 5 UCE 1R 57, it al LUK W7 48 A 6 2% T S e
WS AR UCF B vl &0 09 76 L, < LA
8Grus o LG™2, Horh d A RGUERE, M RS
UCF i B BB O T FUA T L. DL, 2R
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ZYE AR U AELE UCF ST#R, U UCE 0@ 4 b
% By (NI, T F A 19 UCF 16 REA1 A2
B A

B 5 b)) Box T %47 nm B 1 FE & 7E A H
B {E 1) 6G-B, £k, H 8Grms Al Ly 1E Bl 5 (c) A
5 (d) B2 B IBREL SRATATBAE
0Grus JLT-ANEE By IFEI, IX T & 2RI A K U,
T AR T AR T K BB By M) 1 T
M50 nm JH/NE] 17 nm, ‘B TURE 0Grvs T4
b, X5 SEIG AT, I —JGIEW] T BigTeaSe 44
Kl RHSEFHETRIZTAN.

F b BATTE AT A N R T R
F-BUIEW] T BixTeoSe 44K I e 47 A2 H K 1H
AEFH. REEMHBR TR —EmEs, H
PR B A 2 5 BRI B AR AR X RE SRS AT N I
BIERCNTES. T, BRI 51k 9 b A 2 Ak
FR) RS 2 P DA B R T A O R N, e 24 3R A5
EEENE I UL TTp ey i

4.3 “# UCF BIRFMERFSE

W Bk B8, AT AT LU {E BioTeaSe 44K
i ) UCF 08 KI5 2R 1 30 7, AR A SR 1.
HIATEARER E 1% UCF & I Fh R & 5] 2 i,
KON 7E 40 4 2 G AR R T IR AR A — R - R ) =
%t 1 7 S (two-dimensional electron gas, 2DEG).
AT R 22X AT 20 T K.

P4 AR T b H IR $h #F J# 2DEG 2
H - A i 5 1 3 T PRUT 1) 6 s 5 ot 5]k i (0,
FERIN AR S JAS I FU b, b T S &R 5
i) 2K RE AN UL I I 7= A2 — i 3. B 5l B
AU 22 F 1 P T A, ANTITAE 5 1 BT E fl— &
TBEEH. ZE T B Rk B A B 5
I (194 2 i AE R0 B BGR T T B B 4
P f 2DEG, 152241 SOC B 2DEG K 4
'2 2 [ Rashba 73 %, AT e i) A i) T 5
Sy BTk, 2T L AMEAE A RE T A1 2DEG 1)
RE R A B, e 3 A 4 0 3R 11 2 2K v gk
—B RS, AR R b AU B oK AR K, (AR R
A e mUME T B s AT 9 SN R K. S 4 Sk
K1V B 2DEG T4 1 A 2 P06 L T3 (angle
resolved photoemission spectroscopy, ARPES) 5K
B g% 3 B0 HL B R AE 23 Sk B R )
FIEE A, G002l K BE Bk SR B 7] 14y N i 2 51,

2DEG ff) Rashba 43 24 th i &7 3% 12451 33l 15 B 25
i 24 2 L K 2DEG (W E R IE. firis sttt pe
7R 0 A8 G AR R T A7 /E 2DEG 1244 %) |
K E ARPES. fijiz 236 AL S T 5L HE, #GE W
P 417 i 111 2DEG 7E #1 b 2 25 14 3 T 1% S 1 A7 7E
#, M AFRATIR A =4 UCF I B IE R T
P

X, AT AT DU & UCF (1 4 22
RMS 1 B o ) 7 JL AT . AR ok & & i ¥ #h 3k
T 25 () UCF # 8 1647 Je A1 ] 40 UCF 18 B A
8Grms = (0.43—0.54)e? /h. 1fi-FJf 2DEG ] UCF
W 5 4 0GR = 0.86e2/h. fiT A, H 2 LL# UCF
(1) SI2 56 {5 5 B2 T F 0B — AN B AR,k mT DL
UCF HJR 7. (H2, IEWE 22— 4 1ses g 1
fiizw, SE% S F] T 0.01e2/h &% K UCF g
FE XRH T RO R B2 KT HATK
FE (L > Lg), ANFAHTF X P2 2808 5 8 UCE i
FEWR /N 45 3, T EIA BRI TR AR E L < Ly (1
1B FRISE R, Frid, FRATT 75 2% R IE M M hs FE AR,
M SES UCF 18 e 445 2 AN T X 1) UCE 1 B
(BATFRZ AW EL UCF 8 %), 1X I A4 ety 5 B E
AT LR

& — PG I BTN, N = L x W/LE
AT X G iE P38 15 A 5 UCF i FE B i) 1
1/VN. HTFHEIRIHESERZE RGN ETH, il
MEREZBRFM _HHFEGH = G- (L/W).
B2, IR UCFE @B 6Grvs 5 5T X 11
W2 UCF M 6GRys Z Al & H:
IGRus W LyW1/?

g

Hh B REH, ©5 RGOS O, E1X BH
8=1/(2v2) 1.

TEAR TAEH, |AT— LW & 7 1448 5 1
UCF iz 47 4. X T R— M an, HACRE LR
W Al LA AFM & 3815, M 6G-B #li 26 ml LAk
8Grms Fl Lg. T, MA (5) =k ol LAIR13 4
I P B UCE I B 0GRys, Fodh B S RTER 6
Hrpie R T RNRE T g 5. AT LUK I,
OGS T2 B 45 AT R — AN Th G — I 34,
HAoMA LR, LA R R T Rz R, H
—, REFTA RS R 8 A R ik, (BRAFE
(10 2% JoR 34 55 0 o A6 40715 5 BT X 5, AT 3 B0

0Grms ~ B
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A1 UCF K/, H =, UCF WIEEE LK T R4t
MIFOKREHRALE, WIR, ASLE A RELRIEFTA #
At PR RER AR AL THRFIALE, FTLL, EATR UCF
MREHER. H=, (5) XAAFE T UCF KR -F
P 280NE T 2 1 FCAL RS (B RE T P 0N, T
ot~ 249 50 L AE A S et ) B R AT DX, B
LA (5) 2 R A AL AT W] BE UK SER IR ZE 110 3 2K
6 H (1 S8 RUTR I AT

1ol

0.81 o2 K
T 5 K
x 06) % e 10K
L)
~
E -
D&
& 04l ‘{% %
w [

i

0 1 1 1

0 1 2 3 4

L/W

6 W UCFIRER L/W 284k, Hdhszgkn (6) R
HIT, E4-F R 2DEG K FHME

Fig. 6. Intrinsic UCF amplitudes as a function of
L/W: the closed-circle markers present the experi-
mental data and the solid curve shows the theoreti-
cally expected values according to Eq. (6), the dashed
line presents the expected values for a topologically
trivial 2DEG.

i b, — ARG i UTRAR IR IR I S
(¥) UCF M B2 vl LLA R =ik 9

0GRrRMS

1/2
2 too
€ 12g59v
=—1 > , (6)
mh ( = [n2 +4(L/W)2n5]2)

P HINERES, Kb gg, = 1. & CRiLA(E
6 H (WsEZefoR). AT, B L/W 3G hn, UCF
BBk, 24 L/W > 1, UCF g i %
8Grms = 0.37€2/h 7K. T BATM BT A B i AL
WE L/W > 1, B LR W82 3] G X R 1
B R W E ST R 1 2 R IR B A S
IAE TR A, BATT SRR B BT A S 06 5 # 5
A 5 4 $D 2 T 2 (1 B A B a1 928 25 9 7
2DEG TR (K 6 IR £R). X ml i B, 78
BiyTeoSe 44K 77 H WL 5% 21 (1) UCF J2& $ $13% [H 745 1
N7 45 B AN & 46 4T ) 1) 2DEG. M B 28 #i
5E T . 4E UCF R

RGN ESCER BN, 1 2 SRR (A2 B L L 3K
REZUAL B T RN 5% IS, A 45 4R B 3 ) 3R
A A 5L UCF @ A ERCR IR Z, BT, X8
i 1 P UCF F 8 2 1 4 %€ UCF 4k #h 3R 1 25
TR 2518 At — P8R, TS IER &
FE P SR TT. B, Dy 1 T2 RN
SO, T EHIE T BN (L < Lg) FIZ8K R
N1 G ANRTRE il B 2% SR EE AN [ X UCF [R50,
AT DAAE [F] AN i _E A AN ] T 0 apfe, AR
UCF B RS AR BE RN P38 i 7] A s ] 42 ) AR
7 UCF B8 9K RERAOBEALAT J9. 34k, SEARAIRLE
A EL Y, B AT DA G BT 2 REORE RS2 T L,
ERIMTRENREERK UCFIRE, a8
AERf I S R SN R TS Tk, T T — i,
IR — AT T IR Z R

5 IR E A B G A A E AR

e R IN AR UCE (38 R T — R i
ML A BB FERE SR TE— N R R T
(TG 7 244 S 2 AR, PR A B A ) o S B
R AR AR RS, s 8T8 2 UCF 3 U7
MR E, F55000 25 BT L. AT A —Fb
WA K %2 UCF I % POV & LU Ao £ o
InaE G, HaE R UCF B35 4.

5.1 EEEBESHKENSITIIRME

EEMA AT, & 4K HE T i Landauer-
Biittiker 22 20 # & P, B &R S 10 ¥ B A0 BE
(transfer matrix) T . LB, SR X — > 4%
Jit 2 £ BB 90 2 A8 DR b il 2 — 78 2 AT B T FELRE 4
BHIWET. BRI A I R ER A R — b A% i AT
— AT HEE, T3 2 W2 AR BB T 55 %
FAMERT . F b, AR Z T R
T B R A 58 4 Al DL B — A BEALRE RS (random
matrix) A, T, RN IBTRSEHIH TR LA
HeON BN RSBV S R T, AN %
5 FEARAN RS AT A, i R ) 12 B AL R A
I R 58 B S LU NS A% 0T 2R 4 S AR A,
X AL B B 4 T 25 Rt T L 45 B UCF FRFAE.
XA UCF I BEATLAE PR EE 16 2552990 R BL,
TEF T 5 A T K AN 2 0 e 8 G v 5 R A s

097202-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 64, No. 9 (2015) 097202

Z YL UCE 43K i il ALAE B B 5 O 06 AR 1 ok
€. HBENIAHE R 25 1 1) UCF I8 2 AT AR A

2
0GRrMS ~ Cd% ks?/p, (7)

Hp cq e — M54 d BRI R, kR ¢!
() 8 TH ST ) AR AR 7 518 (¢ 2 3 5 RE), s a2
KRAEAE 7 5 B 61 IR, B2 — AN 5 0 RRMEA K
HHL H Dyson 00 5] O\ % i 5 1) i 17 8 43 A,
W LA AN [FF FR A B B ATLRE R AN G0 =k R 2R
(AR A = & X AR ). 1 W 1R 28 &R 25 (Gaus-
sian orthogonal ensemble, GOE) & [7] i B A i}
T 5 88 0T R M R | o e o BR MR I &R S, 0
Wigner-Dyson ZHH 8 = 1; il L IE &% (Gaus-
sian unitary ensemble, GUE) 1A i [&] J5 78 % F 2
W RS, B = 2; =i F R4 (Gaussian sym-
plectic ensemble, GSE) Il i B[] 52 388 %5 B P4 £R
RETM e Ji B R R 1 A Sk 1) R 48, BIAFEAE B e B
T A HAEH (spin-orbit interaction, SOI) ] R4 H
GSEf#iik, K5 =4.

M(T) AT LU e, &8 T AN [ 35 & 0 FR R 1 &
FEAAFENUCE 8. 1R 505 & FRPE R
PAHI A 2 2 g AT 4%, AT ) DA SR 58 b %2 2]
UCF MR FEEAN A 1G] e A8 . — ik, &b
T35 ) HE B0 PT DAFT B 28 455 1) B[] sz v % Bk v, A
M Ar L5 GOE(8 GSE) [4] GUE [ #4%; 1fi R4t
) SOT 5 £ mT LAJE i [ L% (gate voltage) i 4% 5K
W, W\ FEGSE 1 GOE 4. AR RS
AN 3T 2 2 AR B 6 B ) UCT i B 1 AR 4k ]
DIARAE (7) Kot 5, HER O agER 1+ iR
i, BHRERT Vks?/BHMA), T KW H o
At

TR &8, HEE KA SOL &M
(BLSOITRS9) K R 4t. 1ERA SN (B = 0) I,

RY M FE)E T GOE (8 = 1), X I A AAE{# fi
HERG H R (s = 2, k = 1), XA UCF 1
FER ks? /B = 2. AN B Be = ¢o/L2
B (e, o = h/e NEEFHE), B A] SR FR
W B, RGN GUE (8 = 2), s Ak ARIR W,
TR VEks2/B = V2. AT, R4 GOE—-GUE ¥
B, RGN UCFIREEI/N T 1/v2. ik —5
BMEEs, 8 R RAEREN R HENRER
BRI (s = 2 — s = 1), BRI, B em ERE jiE
] I ARAEE T S AF G L (k=1 — k = 2),
MRS T GUE, T2 \/ks2/B = 1. &2, Xt
T 55 SOL LT & )& R 5%, WA SMi3A 3N, 4
BT[] S I8 0 R 4 AT BB (B > B.), H UCF g
SN 1/V2; MRl E 2K (B > By), H
UCF @ JE 2 TRk /N 1/v2. R A8 O 4k s 38 iF
S [61—65]

FokFEEAHESOINEF &R AL HEY
i}, 248 T GSE (8 = 4); R SOI C. &% 4 it
{87 ¢, F R T L B B [ S s R FR VAT AR BSE, AT
FIAN—ANZE R Kramers &3 (s = 2, k = 1), T#&
A Vks2/B = 1. Hl3nitBit B, LIRS ) 5 i 5 AR
PERE B, R4 HEN GUE (8 = 2), i Kramers
MR (s =2 — s = 1), HEKBRAE, ILE
VEs2/B = 1//2. B34k e, UCF i@ A
W/, BTbh, XF B A SO EF &8, H UCF
W 35 B A3 B 3 IR 0/ 1/v/2. 1250 7 B 3R
755286 AIE B (601,

Fiah, WNR 1T ATCUE B, T84 8 R4,
(ERRIAN, R LKA GOE—GSE M4, &
XN UCF HIMERE 28/ 1/2. R fE— o1
O SEHLTT RLHE XF SOT 38 B (14 R0l 4 17 fH 2%
T UCF i L AR AT SR A SR aE .

£1 KRR T UCE R (004 cge?/h)
Table 1. UCF amplitude of different symmetry (Unit: cqe?/h).

R4 3iA B=0 B:. < B< By B> By
IEW 48 5 SOI 2 V2 1
# SOI 1 1/v2 1/v2
A FEIL KL 5 4 2v2 2
R C AT 2 V2 1
LSRN RIS ETRIiRCOA TN 1 1/vV2 1/v/2
I8 B KL b 1/2 1/V2 1/V2
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FERRF A B R G, 1X BAIRE Sy B B
TEIE AR SEULAKRL v Rz B Ak Fr ve . 5
% 18 RS TR BE AT KA e s B T, LG
PR AN IR v B 2 TR RO (RIS TRV HIUR) B4,
I8 B e R A 161 I (svaney = 2) T A8 B 3 X Bk 1%
sk, BT LA, XIS B A 520 £ W ) J8 T GSE
(B =4). BHEERETHEERE I (sspin = 2) FIEK
$iz ¢ 55 B Kramers 8 I (sgramers = 2), W&45 3
SIS = Svalley X Sspin X SKramers = 8,
Mk =1 TRITEAR VE?/B =4 B4
T 377 38 0 CL AT A ) TR) e v 6E AR 1 ISF, SR U
HFT GUE (B = 2). I, Kramers & 3 fi# B
(SKramers = 1), 1M & H e M 5 JiE fa] If 4K 28 47 7
(Svalley = 2, Sspin = 2), T&Hs =4Mk =1, 1M
Vks2/B = 2/2. W RAE 5 KA T
H KA ZE 2 3 2, LI AT svatley = 2, Sepin = 1,
SKramers = 1, s = 2flk = 2. RGMNRET
GUE, Tl /ks?2/B = 2.

T2 A SR 1 2 OK e I B KR B R
15 TE, MBI, o8 2 28 [A) B A3 BR B e fii JF A B
(Svatley = 1), RS & H e e S 0 Fr k. e
Wr, XIS IR AR F A 8T GOE (8 = 1).
PR B8 iz B K B T 48 Kramers 187 JF fif Bk
(SKramers = 1), T2, &% 0 3 FE th B b &
HERE, s = sepin = 2. HAHEL =1, 53
VEs?/B = 2. B > B, I [A] S I 0 FRAE ST
Wi, RGBT GUE (8 =2), ks =2Mk =1,
B3]\ /ks2/B = V2. 4B > Bz, BT A E
A IR, s = 1Mk =2, UURB =2, 155
VRRTR =1,

BEE— T A8 UCF gt g #— A~
WRAITKBELAL T T4k, UCF 0 B Bl 4N 37 38
TSI 1/+/2 (B T s 38 55 Bk PR AR 6, 4R ik —
SR 1/V2 (ATGRTFIF). 5, NesMin
RIS (B ASF TR) Sz 98 %o AR P A 75 e o7 EL - A2 75
RAETES ), RETTHIE DI RS0 KRS
T B K B 5 m BT, K WS R UCF MR jk/h 1/2. 5K
BAESR T iR iy [45:08,69]

G HMNRHIRIESNEL. BT Hb
4 Ak A — A Kb v HE (svaney = 1), T
B B e B iE BE 8145 R A B 2 B e A
(Sspin = 1), BT LA & & i 1) 17 3 B Kramers {7
IEE, KW RTSEZTHIGN)E T

GSE (8 = 4). 38R T 8 % K it gt 52 3L 2k fr
5o IS, TGS A7 A K 5 A5 K Kramers
& JF, BrAf s = skramers = 2. RIS = 440
k=1, 1% ks?/B = 1. 4B > B, ZGHk
A GUE (8 = 2), Kramers fij 3 5 IS [8] S 78 % #
SR TEER, B s = skramers = 1 Mk = 1, 133
VEs2/B = 1/v2. L1 Kn A 5 5 804k
(808 R A

E 22 G0 1 9 K B 20 5 40 41 2 10 A5 K s 5
R, X EONAEAE Kramers Jj HMiffs = 1. £F
Wi, HANEH )BT GSE (6 =4), HHs =1
MEk =1, B8 /ks2/8 = 1/2. 4435 H B
(B> B.) i 24i# N GUE (B =2) i, ifis =1
Mk =1, WAHEEE/Es2/3 = 1/V2. Ekli
e G B AN

AT AR IR A B, 7T L5 340
FEER. B, MK IR v s i, bR
T 25 [ UCF 1 J5 B R 37 38 in 2 9k 1/v/2. 58—,
2 3 K BE Gz B AR5 AT, N R A K UCF
W B BE RS 3 I 238 K V2 £, XRS5 HAb R G5
SRR . 5=, MPOKAE R IZ T 5 4k i
5 5 L FE R, PR AR A 0 UCF 18 5 75 Z i
Nk 172, TAEA RIS (B > B.) NEFEI{REF
RAE,

5.2 ANRINRESHEERGIT TR

e b= Jihie T AN RN R TS M gt
XFRRME, TTESEPR R GeH, FhFh 48 S A v S 2 A7
12 WA A B 2 i o700 T T 2R 1 R ER AR R
GAREEAEN A T, X B, BRAVEHEE R
MRS ILAZEHIE L T UCE ot . itk
I, IR 2 A2 RAEMBEAER, KHIL 2404
B AL B ARG L. T AR DL Sy S A
BB SRR BT LA, USRS RS
HAER, B PUME T R Zhie (B 7). #Rk
Pa Pl

FMEE, WA ERRISZHHETEE
1E—i2, PTOKRRER T KR v 5 (B 7 (a)). 1EZR W
Wit BT AN R TH K S HE AT DAAE LA,
MR RA —DHE, B svaney = 1; PRI
HEH A 0 45 5 B0 A e R I (sepin = 2), I H
Ve Jid e X BRIt 1L, 13 R 408 T GOE (8 = 1).
ks v s Kramers i 32 2 skramers = 2, T &
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MBI HFERs = Svalley X Sspin X SKramers = 4
HAE =1, HB% /Eks2/B = 4. 44
3 I 2 IR e vE 06 BRE B BRI (B > Be), &
44T GUE (B = 2). Il, Kramers & If il Br
(Skramers = 1), (HP M EINR ISR IR EFRE SR
A, B syaney = 1Ml sgpin = 2. TR, s =2Mk =1,
B35 \/ks?/B = V2. B4 gat— R0, ti A
PRI AIRAE (LI AR Bp), B svaney = 2
1M Sspin = 1. FH Skramers = 1, f#5]s = 2. FiR
B =2Mk=1, 35 \/ks2/B = 2. [FIH, ATLL
FHEAS PR AN 2 TR B 1 2 K BB 4Rz B Ak iz v Ui (56
ZAEE, W 7 (b) Bras) B UCFE Siih- A, 453
FIER 2 .

(a) \VA (b) A
AR A
— ;

/’ f,
I, i I,
: (/ * : {‘ +
A

(©) W/ (d) G
A
=7 —

A A

K7 WG RES KGR
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Abstract

As an exotic quantum condensed matter, the topological insulator (TT) is a bulk-insulating material with a Dirac-
type conducting surface state. Such a dissipationless transport of topological surface state (TSS) is protected by the time-
reversal symmetry, which leads to the potential applications in spintronics and quantum computations. Understanding
the topological symplectic transport of the Dirac fermions is a key issue to the study and design of the TI-based devices.
There are many transport properties about Dirac fermions. And universal conductance fluctuation (UCF) is one of
the most important transport manifestations of mesoscopic electronic interference. So the UCF effect in TI is a very
meaningful research field It can provide an intriguing and special perspective to reveal the quantum transport of T'SSs
In this review, we introduce the research progress on the UCF of T'SSs in a pedagogical way We review the achievements
and the existing problems in order to inspire future research work.

We start this review with the basic UCF theory and the experimental observation. The UCF has been observed in
TI earlier, but weather it originates from T'SS has not been further studied. Then a series of work is carried out to prove
the topological nature of UCF in TI Firstly, the UCF phenomenon in TIs is demonstrated to be from two-dimensional
(2D) interference by magnetoconductance measurements. But the residual bulk state and the 2D electron gas (2DEG)
on the surface can also bring about the 2D UCF The field-tilting regulation helps us exclude the distribution from the
bulk And the classic self-averaging of UCF is investigated then to obtain the intrinsic UCF amplitude. By comparing
with the theoretical prediction, the possibility has been ruled out that the 2D UCF may originate from the 2DEG So
its topological nature is demonstrated. Secondly, we discuss the UCF effect in TI by a macroscopic perspective, i.e. the
statistical symmetry of UCF, which should be more concise and reflect its universality. For a single TSS, the applied
magnetic field will drive the system from a Gaussian symplectic ensemble into a Gaussian unitary ensemble. It results
in a v/2 fold increase of the UCF amplitude. However, the experiment reveals that the UCF amplitude is reduced by
1/4/2. This is contradictory to the theoretical prediction. Actually, there are two TSSs and they are coherently coupled
to each other in TIs since the sample’s thickness is smaller than its bulk dephasing length. This leads to a Gaussian
orthogonal ensemble of the intersurface coupling system without an external field. In such a case, the UCF amplitude
will be reduced by 1/\/5 with field increasing. It is consistent with the experimental result. Finally, the other progress

on UCFs is discussed, and the general outlook is also mentioned briefly.
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