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YRR AN SRR TR LR IR 1) B A5 A R K BT A M B B, O A R BER A Y B I A L
RAEGINE T B )G, RN G AR ] REAF AR S 20 90K T (Majorana fermion), BISLAER T iH5H
Jr TR O AT AR Bi(111) MERRAIE SN BN SR 2 5, Bi(110) MR GIE 12 R0, AR
HAR M B AFAE L ARSORI 20 7 SO E BORAE SR IR A A A5G T BT i) 4% T e o Y B
Bi(110) L. i i $9 40 RS0 2 BT A, W L) 8 MR T Z R RN 7 I, MU A KA N i Z A K
B, S5 BETE I & I, 7E NbSeo #ofJi_FAEAI Bi(110) 15 5 Jyals 4R 280 RE T AT B 2 Ry S e, (B JF:
ARG IND G RAEAE. B, R PR IR R T PRSI R BT T RHE.

KRR BRI, SNSRI, IR, BT
PACS: 07.79.Cz, 68.37.-d, 68.55.-a, 68.65.Fg
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(bilayer, BL) J& B 1 Bi(111) £ & L, 12 H /1 7 9%
J6H T REHE (angle resolved photoemiss ion spec-
troscopy, ARPES) 47 # % & & /(5 (scanning
tunneling microscope, STM) FEt, &I 7 ik
GAAAAEM IR DA (B o F 48 i 2 $h b 4 4k,
— BT b B Bi B A G AR, L
GAWIRIFEAEAES L. 2T HFE A NbSeo AFTE
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VIR D9 S ) 2 G5 . (HLAE 2015 SR 50 SRR B,
1 BL (P& 2 BL) ) Bi(110) # BEAFTE 1+
g U8 UL RO G, 55T Bi(110) HEA TN
PEIEAT i3t — B L.
ASCHH G 7 RO E A K BOR, 7 2 R AR HE

s« [B 5% E A LRI R B TR (IEHES: 2016 YFA0301003, 2016 YFA0300403). [ 5 H 4R FH 245 4 (Hibk S 11521404, 11634009,
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ML); FFAR 4 AR SR AR Al T, AR KRB A K
29K A 4 BL. 855 AHFEIETE (scanning tunnel-
ing spectroscopy, STS)ll &, J& it ML 8¢ BL J& £
1) Bi(110) B 35 K BoR A & AR, 776 H
WAPRERE S T 17 Bk 4h, STS Hds ik
SET AR TR R PSR S AR A
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W, ARSCETA SR B IRIEE A ER (Y
24 °C), Bi A K R (£ 0.33 BL/min) 15
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1 P A5 BE AT A2 K HE SR IR A N STML
1) FH R A 25 R sk Ak B 5 PR 4 A 9 30 47 2 THD WL DA
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FIE 24K 12 min, XS Bi (228 4 BL I,
I STM B Ft K B, £ ZEAE S 44> BLR 4R
HEL ML JEFE () Bi(110) # . 4 4 K fa) e K &
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Bi(110) 5 A K AR U A8 ] DUYE QT PR
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A 23R, EAEUZE (X B UL ML ) H R T AE
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B, (HFEAE 2 BE I BE 0, 2545 )2 2 18] () R & 22 BE
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Top view

e nnann

Side view

207 (©
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.
e 340 pm
5 osl \ pm | 1VIL

0.4f

680 pm \j BL
O 1 1 1 1
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Lateral distance/nm

El1  Bi(110) M4 DR TESURHE  (a) Bi(110) AR SR E R, B NE AL (top view), T4 NHISMEH (side
view); (b) NbSez #f)i 4 15 min Bi 14 & A FHTH Bl (c) 500 nm x 500 nm MEFURER, Vs =1.09 V, I =102 pA;
(d) /N STM SR & B 100 nm x 100 nm, Vg =1.18 V, I =114 pA; (e) AT (d) FAELE ENHEIE R RER, 680
pm H—A BL =%, 340 pm H—A ML = fZ; (f) B (d) $h R EHER 5 1R F15 45818, K/hA 10 nm x 10 nm, Vg =7.06 mV,
I =99 pA, EF L R E RERbRE Y Bi(110) 4H

Fig. 1. Atomic structure and surface morphology of Bi(110) thin films: (a) Schematic illustration of Bi(110) atomic structure
for top view and side view; (b) the reflection high-energy electron diffraction pattern of Bi/NbSes deposited for 15 min;
(c) the morphology of a 500 nm x 500 nm area, Vg =1.09 V, I =102 pA; (d) the morphology of a 100 nm x 100 nm area,
Vs =1.18 V, I =114 pA; (e) the height schematic over the red line in (d), 680 pm is a BL height while 340 pm is a ML
height; (f) the atomic image of the black square section in (d), scare 10 nm x 10 nm, Vg =7.06 mV, I =99 pA. The red and

purple balls represent two different Bi atoms which indicates the Bi(110) phase.
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Fig. 2. The edge state of Bi(110) phase above ML and

BL: (a) One section with two ML Bi(110) structure; (b) the

height schematic over the red line in (a), take points and measure the local density of states over 2 ML stage and
1st ML edge, marked with purple, blue and red respectively; (c) STS on 1st ML and 1st ML edge, Vg = —2.5-1.5 V,
I =99 pA; (d) one section with 1 ML and 2 BL Bi(110) structure; (e) the height schematic over the blue line in (d),
take points and measure the local density of states at different layers from top to bottom signed in purple, red, blue

and dark green respectively; (f) STS on 2nd BL and 2nd BL edge, V5 = —1-1 V, I = 100 pA.
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FEIE B 99 pA; (b) B2 HH#9 1 ML #12BL R STS i, MR —1—1 V, BE RN 100 pA, 2l %6, a

[N RER

Fig. 3. Quantum well state over different layers of Bi(110) film: (a) STS over 2 ML structure in figure 2(b), show
in purple and red respectively, Vs = —2.5-1.5 V, I =99 pA; (b) STS over 1 ML and 2 BL structure in figure 2(e),

show in purple, red and blue respectively, Vg = —1-1 V, I =100 pA.
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RIRAE (b) A )Z EALE M STS 1, 437l AR AL ORISR G 30R, JERN —3.5—3.5 mV, BEE RN 101 pA
Fig. 4. The induced superconductivity of Bi(110) film: (a) One section with 1 ML and 3 BL structure; (b) the height schematic

over the red line in (a); (c) STS spectra were measured at different layers in (b), from top to bottom signed in black, red, blue

and dark green respectively. Vg = —3.5-3.5 mV, I = 100 pA.
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Abstract

Due to the novel physical properties induced by the strong spin orbit coupling and band inversions in the energy
band structure, two-dimensional topological insulator has become a hot research point in the field of condensed matter
physics and material science in recent years. Particularly, two-dimensional topological insulator may host exotic Majorana
fermionic excitations in its edge state if superconductivity is introduced. Bi thin film with (111) orientation proves to
be a two-dimensional topological insulator both in theory and in experiment. However, the topological nature of Bi thin
film with (110) orientation has not yet been confirmed. In this study, high quality Bi(110) thin films are successfully
prepared on superconductor NbSes surfaces, by the molecular beam epitaxial technology at ambient temperature and a
low deposition rate (~24 °C, ~3 min/bilayer). The morphologies and electronic properties of the samples are studied by
using scanning tunneling microscopy and spectroscopy. The experimental results reveal that the growth mode changes
from bilayer (BL) in BL mode to monolayer (ML) in ML mode. Such transition takes place at a critical height of
about 4 BLs. The mechanism of the growth mode transition is believed to be induced by the drastic variation of the
surface energies of the thin films with different thickness values. Due to the large coverage of Bi(110) film on the NbSe2
substrate, it is almost impossible to find the exposed areas of NbSes substrate surface in practice. Especially on the
sample with a large number of layers of Bi thin film, it is hard to directly determine the number of layers for each film.
Hence, the critical thickness could be only estimated by controlling the deposition time and growth rate combining with
the measurements of stage height of the film. The nearly identical local density of states wherever measured in the
interior of a terrace or at the step edges can be discerned from the dI/dV spectra, which is thus hard to corroborate
with non-trivial topology in either BL or ML thick Bi(110) film. The superconductivity induced by proximity effect
from the superconducting substrate NbSes is also observed on the thin films. Through Bardeen-Cooper-Schrieffer type
data fitting, the superconducting gap on the Bi thin film is estimated at about 0.5 meV. In addition, the quantum well
state, which is often observed in thin films, is also revealed from the Bi(110) thin films, whose characteristic is equal
energy spacing between peaks in d//dV spectra. Noticeably, the spectral shapes of BL and ML are similar, and the local

density of states from adjacent film layers displays an approximate T phase shift.
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