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1. Zeeman effect on the split of topological surface states

Previous studies have proved that the g-factor of the topological surface state of
topological insulators is strongly materials dependent. For example, the g-factor of the
topological surface state is about 18 for Bi,Ses, while is about -6 for Sb,Te.Se!. Even
no exact value of g-factor of the topological surface state of BiSbTeSe, system was
reported, there are still some experimental findings suggesting the g-factor of the
topological surface state of BiSbTeSe, system should be very small, such as no
evident shift of the zeroth Landau level (LL) was observed under B = 30 T in

BiShTeSe; flakes?, small Zeeman gap with the value of about 1 meV in BiSbhTeSe,®.

On the other hand, for ideal helical Dirac fermions, the Zeeman shift of the n-th

2z
LL, AE,., = + Gstef/2)’

t et is smaller than that of the zeroth LL of
E,—o = —gsugB/2 and decreases dramatically with increasing n, where gs is the
Lande g-factor, s is the Bohr magneton, B is the magnetic field, v is the electron
velocity!. For our BiSbTeSe; system, as shown in the ARPES results in Figure S2
below, the energy difference between the Fermi level and the Dirac point is about 300
meV. This indicates we are probing the electrons in our BiSbTeSe devices far away
from the zeroth LL. Therefore, the Zeeman effect in our BiSbTeSe> devices should be

very small.

In addition, the Zeeman energy, E; = gsusB, is magnetic field tilting angle
dependent*®. It would induce a large deviation to the magnetoresistance curves at
different tilting angles with respect to the zero-tilting case if the Zeeman energy is
large. However, as shown in Figure 1(d), the AGxx curves in tilted magnetic field
collapse into that in perpendicular field, even at relatively large tilting angle, such as
60° and 70°. Such an observation further demonstrates that the Zeeman effect in our

BiSbTeSe, devices can be neglected.

As a result, we believe that the Zeeman effect on the split of topological surface

states in our BiSbTeSe> devices can be neglected to explain our experimental findings.
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2. Temperature dependence of AMC magnitude

The  angular  dependence of AMC  magnitude, defined as
AG,y = G, (8) — G4, (09), is shown in Figure S1(a). The maximum AMC magnitude
obtained in the parallel configuration (6 = 90°) decreases monotonically as

temperature increases from 2 K to 300 K (Figure S1(b)).
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Figure S1. (a) The angular dependence of the AMC magnitude measuredat B=2T
and the various temperature indicated. (b) The temperature dependence of the AMC

magnitude with = 90°.

3. ARPES measurements of the BiSbTeSe: single crystals

We have performed the angle-resolved photoemission spectroscopy (ARPES)
measurements to investigate the electronic structure of our BiSbTeSe; single crystals
after 10 hours aging. The ARPES was measured at 10 K. As shown in Figure S2
below, the typical bulk conduction band (BCB), surface state band (SSB) and bulk

valence band (BVB) are observed clearly.

The Fermi level lies above and close to the bottom of the BCB, indicating the
unintentionally n-doping of our BiSbTeSe: single crystals. This is consistent with our
magnetotransport results presented in the main text, where both surface states and
bulk states contribute to the AMC and the surface states contribution ratio increases

after applying negative gate bias.
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Figure S2. The ARPES measurements of BiSbTeSe> single crystals measured with an
incident photon energy of 16 eV near the I'-point along the M-I"-M. The dashed lines

are guides to the eyes.

4. Estimation of the standard error of the surface states contribution ratio

As shown in the main text, the surface states contribution ratio is given by

ai P 1+—7h —In —;—h
_ AG,:(0) 2m*h | "\ 2 4eBI 4eBl,

y=—"--xX100% =
Gx(0) G Y S WY
T T2m | P\2 7 2eBl; 4eBl,

in which the a, G, and L are the fitting parameters with the standard deviation listed

X 100%

in the following Tables S1-S3.

The standard deviation of the surface states contribution ratio s is then defined as
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E

dy 2
S« + (acl) .

2
dy 5
()

where s;, sg,, and s;, are the standard deviation of the fitted «, G, and [. The

calculated s is listed in following Tables.

Table S1 Fitting parameters for AMC at different B-fields (Figure 2(d)).

Parameters 2T 4T 6T 8T
a -0.59+0.019 -0.58+0.017 -0.61+0.018 -0.63+£0.027
G, (mS) 1.012+0.004 0.099+0.006 0.098+0.004 | 0.096+0.006
Iy (nm) 163.073+6.822 | 136.223+£5.926 | 129.466+5.954 | 127.76+9.143
ratio (%) 2.811+0.111 3.102+0.116 3.479+0.132 | 3.789+0.218

Table S2 Fitting parameters for AMC at different temperature measured at B=2 T

(Figure 3(c)).

Parameters 2K 10K 20K
a -0.590+0.019 | -0.579+0.023 | -0.620+0.028
G, (mS) 1.012+0.004 1.048+0.007 1.087+0.004
ly (Nnm) 163.073+6.822 | 118.144+5.153 | 76.2673+2.771
ratio (%) 2.811+0.111 2.246%0.110 1.641+0.094

Table S3 Fitting parameters for AMC at 3 T, 2 K and -2 V (Figure 5(b) and 5(c)).
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