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1. Physical parameters of as-grown and ZnO encapsulated Bi-Ses nanoribbons

Table S1. Physical parameters of as grown Bi:Ses and ZnO encapsulated Bi>Ses nanoribbons on Si/SiO2 and h-BN sub-
strates; tnr is the thickness; w is the width and L is the length of the nanoribbon. tn-sv is the thickness of the h-BN flake.

NR batch NR BV INR,! w, L, n2p LF, n2p HF, Ry, ur? ﬂzFE,
KN_211220 nm nm nom pm  x10%cm? x10"3 em2 Q/sq. cm¥V:s cm/V's
Al 44.5 804  3.60 0.89 1.21 181 2865
44.5 804  3.60 1.38 1.93 1793
Alb? 56 35 553  3.46 0.92 1.06 143 4100 1182
56 35 553  3.46 1.13 1.31 3339
+ 2 nm of ZnO A3t 32 29 1932 3.99 0.89 1.19 224 2325 2278
32 29 1932 3.99 0.92 1.09 2547
D3b 43 34 368 3.47 0.87 1.18 538 981
D4t? 35 923 6.47 1.53 2.21 129 2189 501
35 923  6.47 1.53 2.19 2213
E2b 32 1504 4.72 0.99 1.35 338 1368
Adt 28 409 5.61 2.52 2.72 342 672
B1? 40 1688 5.39 0.96 1.16 263 2040
40 1688  5.39 0.88 1.04 2276
As grown B2 31 1436  4.60 0.95 1.19 232 2257
C2b? 38 1104 5.47 1.07 1.36 261 1754
38 1104 5.47 1.64 1.70 1409
C5b 30 640 4.73 0.72 1.33 224 2093

1 Thickness accounts for the two ~2 nm thick ZnO layers.

2 i is calculated using the n2p ar.

3 Values of the carrier densities are calculated from the two datasets of Rx(B), where each of them is measured using
different pair of the Hall electrodes, on the same nanoribbon.

Table S1 summarizes nanoribbon dimensions and charge transport parameters cal-
culated from the magnetotransport data. Nanoribbon and exfoliated h-BN flake thick-
nesses are measured using atomic force microscopy, while the nanoribbon width is deter-
mined via scanning electron microscopy imaging. Values of the charge carrier densities
nzp tr and #2p wr are calculated using eq.1 of the main text, and subscript “LF” and “HF”
represent range of the magnetic field used to determine the slope of the anti-symmetrized
Rxy(B) data. LF and HF correspond to the 0 — 2.5T and 7 — 9T magnetic field range, respec-
tively. Ry is the sheet resistance, calculated as R,, w/L, where R, is the longitudinal re-
sistance measured in a four probe configuration, at B = 0T and T = 2K. Calculated Ry, val-
ues for as-grown and ZnO/Bi:Ses nanoribbons are similar, about ~ 200 Q/sq. Hall mobility
u is calculated as 1/(Rspe nyp ur). For both as-grown and encapsulated nanoribbons the
values of u are also very close, about 2000 and ~2200 ¢cm?/Vs respectively.

The field effect mobility ure can be evaluated as ppg = =+ —=*-=; where Gy, is the

wodvy

conductance in the linear region of G,,(1;) dependence, C is the back-gate capacitance, w
and L is the width and length of the nanoribbon. The back-gate capacitance can be esti-
mated as C = €g,/d, where ¢, is the vacuum permittivity, ¢ is the dielectric constant of the
SiOz20r h-BN, 4 is the thickness of the back-gate dielectric (£5;02~3.9, eppy~4).

2. Magnetotransport data analysis using the two-carrier model
Figure 1S a, c shows the conductance tensor element Gxy(B) and Gx(B) curves calcu-

lated in agreement with the equations 2.a and 2.b of the main text with the best fits from
the two-carrier model (equations 3.a and 3.b, main text), for the ZnO/Bi:Ses nanoribbons
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Alb and D3b. Extracted values of the charge carrier densities at V=0V for the nanoribbon
Alb are ny = 7.181012cm2 and n, = 5.31:102cm2 and mobilities gy = 4700 cm?/Vs, u, =
2052 cm?/Vs. These values of the two bands are similar also for the nanoribbon D3b, where
ny = 6.24102cm=; ny, = 4.99-102cm=2 and py = 4800 cm?/Vs; u, = 1350 cm?/Vs. The band
1 characterised with the highest n; and p; values representing the carriers from the nano-
ribbon surfaces, while the band 2 with carrier density n, and mobility u, correspond the
nanoribbon bulk. The back gate voltage dependences of n,; n, and uy; p, for nanoribbon
Alb are plotted in Figure 1S b. The n values of both bands slightly decrease applying
negative back-gate voltages, indicating moderate depletion of the interface and the bulk
carriers. The py; p, values remain instead practically unchanged in the back-gate voltage
range 0 - —40V. At larger negative back-gate voltage of -65V the u, representing the bot-
tom surface / substrate interface carriers increase to about 2700 cm?2/Vs, indicating reduc-
tion of the scattering centres at the bulk.
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Figure S1. Two-carrier analysis of the ZnO/Bi2Ses nanoribbon magnetotransport data measured on nanoribbon Alb: (a)
Conductance tensor element Gx(B) curves at Vg= 0V, and Vg = —65V, with the fits of the two-carrier model (red solid lines),
and in the inset - corresponding fitted G«(B) data. (b) From the two-carrier mod. extracted values of the carrier densities
ny; n,y, and mobilities y;; u, (in the inset), plotted as a function of the back-gate voltage. Nanoribbon D3b: (¢) Conductance
tensor element Gxy(B) and Gx(B) curves at V=0V, red solid lines are the fits of the two-carrier model.

3. Shubnikov-de Haas oscillations of the ZnO encapsulated Bi:Ses nanoribbons

The magnetic field dependence of the longitudinal resistance R« for a ~35 nm thin
ZnO/BizSes nanoribbon shows oscillations in Rx, at magnetic field above ~5 T. These are
the Shubnikov-de Hass oscillations, and the extracted oscillatory part AR,, as a function
of the inverse magnetic field is depicted in Figure 2S b. The FFT spectra of these data
shows two main frequencies F1 ~40 T and F2 ~ 99 T. The highest frequency F: has previ-
ously been reported to correspond to the carriers from the surface Dirac states, originating
from the nanoribbon top surface [1]. In this case, the 2D carrier density #2p,si# can be esti-
mated as kr?/4m; F= (R/(2me))Ao; Ao=mtke?, where kr is the Fermi wave vector, F is the SAH
oscillation frequency, Ao is the Fermi surface area. From F: we calculate n2psiv=
2.4010" cm2. This leaves an open question for the identification of the lowest frequency
Fi. F1 can be attributed to the bulk carriers which results in a 3D carrier density 73p,siH, Bui
=1/(2m)%(4/3)kr? is 1.410'® cm-2 in agreement with values obtained from Hall measurements
(see 2 band analysis in main text).
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Figure S2. (a) Ru(B) dependence. (b) Oscillatory part of the R«(B), plotted versus inverse magnetic field. (c) FFT spectra
of the R«(B) data. Data shown correspond to ZnO/BizSes nanoribbon Alb.
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