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Section 1. The spin pumping voltage for various excitation frequencies and magnetic
field scans
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Figure S1. Spin pumping induced voltage in Py/Cu(7nm)/Bi2Se3 measured at various excitation
frequencies. The obtained V decreases with the increase of frequency, which is resulted from varia-
tion of the performance of the microwave transmission line at different frequencies.

Figure S2. shows spin pumping voltage obtained by sweeping the magnetic-field
(H), measured in the Py/ Bi2Ses sample for three in-plane field direction given by &= 0°,
90°and 180°, as illustrated in the inset. As expected from the V « Js x o(o is the direction
of spin polarization, ollH), the V values are maximum for &= 0° and 180° and V value
almost vanishes as J= 90°. When magnetic field was reversed (J= 0° and 180°), the ob-
served spin pumping signal changed sign as expected from the IEE, indicating that the
spin accumulation is reversed on the edge on changing the direction of the magnetic field.
It further provides evidence of the IEE induced from spin-momentum locked surface state
in Biz2Ses.

Nanomaterials 2022, 12, 3687. https://doi.org/10.3390/nano12203687

www.mdpi.com/journal/nanomaterials



Nanomaterials 2022, 12, 3687

2 of 3

8— — @ - 00
— @0 =90°

4 4 T @ = 180°
>
3 0 - _KM
> i

-4 4 :

-8 -

300 1'50 ) 150 300

H (OOe)

Figure S2. Magnetic field scans of the spin pumping voltage measured in Py/Bi2Ses at three different
in-plane angles as illustrated in the inset.

Section 2. The structural characterization of Bi-Ses thin films and Py/Cu/ BizSes trilayer

The structural characterization of BiSes thin films was performed by X-ray diffraction
(XRD) and atomic force microscopy (AFM). Fig. S3(a) shows the X-ray 6-20 scans of the
samples. Several features collinear with the direction (001) were observed, indicating that
the single crystal films were grown along the c-axis direction. Large-area surfaces of BizSes
films were observed with AFM measurement (in Fig. S3(b)). Large and flat terraces and
straight steps are the characteristics of high-quality Bi2Ses film. The triangular shape of the
islands is consistent with the lattice symmetry of BizSes (0001) surface.[1, 2] The measured
line profile of the height in Fig. S3(d) (corresponding to the red line in Fig. S3(b)) shows
that the step height is 1.0 nm, corresponding to the quintuple layer (QL) of BizSes structure.
[2, 3] The reflection high-energy electron diffraction (RHEED) shows sharp streaky 1x1
pattern, indicating high quality of the Bi2Ses (0001) surface (inset of Fig. S3(b)), which cor-
responds well to the AFM data. We also applied high-resolution transmission electron
microscopy (HRTEM) to examine the quality of Py/Cu/ BizSes trilayer. Fig. S3(c) shows the
HRTEM image along the c axis, clearly showing the epitaxial growth of the BizSes film. It
can be seen that the interface is flat and continuous, which is important for effective spin

pumping.
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Figure S3. The structure of BizSes film. (a) XRD pattern of Bi>Ses film on c-plane sapphire substrate
(b) AFM image of 10QL Bi2Ses film (scale: 2 um x 2 um). The inset shows the corresponding RHEED
pattern. (c) TEM cross-sectional image of a Py/Cu (~3 nm)/Bi2Ses sample. (d) Line scan profile corre-
sponding to the red line in (b).

Reference:

1.

Cheng, P.; Song, C.; Zhang, T.; Zhang, Y.; Wang, Y.; Jia, ].-F.; Wang, ].; Wang, Y.; Zhu, B.-F.; Chen, X,; Ma, X,; He, K.; Wang, L.;
Dai, X,; Fang, Z.; Xie, X.; Qi, X.-L.; Liu, C.-X,; Zhang, S.-C.; & Xue, Q.-K. Landau Quantization of Topological Surface States in
Bi2Ses. Phys. Rev. Lett. 2010, 105, 076801.

Su, S.H.; Chuang, P.-Y.; Chen, SW.; Chen, H.Y.; Tung, Y.; Chen, W.-C; Wang, C.-H.; Yang, Y.-W.; Huang, ].C.A.; Chang, T.-R.;
et al. Selective Hydrogen etching leads to 2D Bi(111) bilayers on BizSes: Large Rashba splitting in topological insulator hetero-

structure. Chem. Mater. 2017, 29, 8992-9000.
Atuchin, V. V,; Golyashov, V. A,; Kokh, K. A ; Korolkov, I. V.; Kozhukhov, A. S.; Kruchinin,V. N.; Makarenko, S. V.; Pokrov-
sky, L. D.; Prosvirin, L. P.; Romanyuk, K. N.; Tereshchenko, O. E. Formation of Inert Bi2Se3(0001) Cleaved Surface. Cryst. Growth

Des. 2011, 11, 5507-5514.



