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Supplementary Figure S1. Magnetoresistance of a Bi2Se3 nanoribbon measured 

at 1.5 K for (a) the first round and (b) the second round after the sample was took out 

from the cryostat and then was put into the cryostat again. The significantly decreased 

SdH oscillations can be understood as follow, which supports the surface origin of the 

oscillations. Water drops were found on the sample surface after it was taken out for a 

while, which may greatly degrade the surface quality and lower down the carrier 

mobility of surface states, despite of the robustness of topologically protected surface 

states.
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Supplementary Figure S2. Shubnikov–de Haas oscillations R as a function of 

Bcos (the perpendicular component of the magnetic field). The angle  is defined as 

the angle between the direction normal to substrate plane and the direction of the 

magnetic field. The data were measured at temperature of 2 K and were extracted 

from the magnetoresistance (MR) after subtracting the positive MR background.
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Supplementary Figure S3. The SdH oscillations measured at different 

temperatures and under an in-plane magnetic field that is perpendicular to the sidewall 

surfaces of the Bi2Se3 nanoribbon. Insert: the schematic geometry of the device 

referred to the direction of the magnetic field.
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Supplementary Figure S4. Models (left panels) and the density of states (right 

panels) of the Bi2Se3 quintuple layers with (a) the ideal structure, (b) a Se1 vacancy, 

denoted as VSe1, (c) a Se2 vacancy, denoted as VSe2, and (d) a Se1 atom replaced by 

one Bi atom, denoted as a BiSe1 anti-site defect. 

For the DFT calculations, we consider a 2x2x1 supercell containing 60 atoms. The 

electronic structures were calculated by using the Vienna ab initio simulation package 

(VASP). We employed the projected augmented plane wave method. A cut-off energy 

of 400 eV has been used for geometry optimization and energy calculations. 1x1x1 

and 4x4x1 Monkhorst–Pack k-point grids were applied to sample the Brillouin zone 

for geometry optimization and energy calculations, respectively. To study the effect 

of Se vacancy or the effect of anti-site defect, we removed one Se atom from the ideal 

Bi2Se3 structure or replaced a Se atom with one Bi atom and then performed a 

structure relaxation for the entire structure.
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Supplementary Figure S5. The magnetoresistance of another similar sample 

measured under in-plane magnetic field that is perpendicular to the direction of the 

current. The magnetic field was swept from -14 to 14 T. The MR shows an 

asymmetry as changing the field polarity. The sketches illustrate the corresponding 

physical mechanism. The in-plane magnetic field will result in the spin-polarized 

surface states with the spin direction along with the magnetic field direction due to the 

magnetic field induced Dirac cone shift. Due to the spin-momentum locking, spin-

polarized surface states will enhance or diminish the total conductance lying on 

whether the momentum direction of the spin-polarized surface states is antiparallel or 

parallel to the current direction.


