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Fig. 1. Resistivity diagram of the alloy layer [BiySe;|,Pt; ,,
with logarithmic scale in the vertical axis. The resistivity
increases significantly as partition ration z of Bi,Se; in-
creases. The suffix “mt” indicates alternating sputtering

growth for the alloy layer.
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Fig. 2. (a) Measurement scheme of the Hall device (6 is the
angle between the current and H,,, which lies in the device
plane in the ideal situation); (b) schematic structure of the
SOT, shows the spin flow and the deviation between H,,
and magnetization M.
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Fig. 3. Ry(I, 0) curves of samples with different propor-

tions at 1 mA current and zero bias (In the legend, 0-100%
represents the ratio of Bi,Se;).
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Fig. 4. For a device with a Bi,Se; ratio of 48% (co-sputter-
ing): (a) Rapg loop under out-of-plane magnetic field H;
(b) Rpu(L, 0) curve at different current, the amplitude in-

creases with the increase of current.
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Fig. 5. (a) Variation of Hp of different samples with cur-
rent, and the dashed line is a linear fitting curve; (b) line
graph, Hp per unit current density of different samples
(0-100% represents the ratio of Bi,Se;).

137201-4



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 13 (2023) 137201

W Hy/Jam R (3) 2, B R B 20 1Y)
SOT %R (HIEERM), RN GG E&ZH TR,
BEIARFBZRT G220 ATREREL TR, © X
N Os X 0, Hoth o, HHTE 2 G SRR SR,
& 6 iR, 7E BiySes 414320 0 B, #4511 Pt A
TR IR A 0.06, 1X 5 LART B0 IE — 5 1392, B
Pt 20 IR, & 4)2 SOT RUERZB Wi . 761
I X3 (BigSes 4153 21% < = < 75%) M Ed /R
15 HHEE R SR T A2, 1
BiySe; ZHr EE I (= 75%) 5414y 5 R HRA,
FIABER BiySes 414310, HHEEE /R MBI
P, 1A BEE KB TR TR, FHEEY 2 = 75%
B, G 42 B R0 T RN SOT ZUR A
B

)

0.30 - A 1500
24 — \ 2
0.24 | 1400 3
& 1 S
= e St . S
.L_Q 0.18 F —e— —— 0.6 mt 1300 “,\{-
e —a —21.0mt ’ jq
% 012 —— —— 1.4mt © -
: b lo00 §
— 3 N &
0.06 | A o

., {100

0 25 50 75 100

BisSeslittt z/%
KBl 6 G472 [BigSes) Pty . 1Y H BERE /R M I H e /K i S
R BiySey AL LU = MR (mt J5 280 20 2 AL )
Fig. 6. Spin Hall angle and spin Hall conductivity of
[BiySe;] Pt , alloy layer vary with the ratio z of Bi,Ses

(Suffix mt represents the multilayer sample).
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Abstract

In order to achieve high-efficiency spin-orbit torque devices, higher charge-spin conversion efficiency, and
lower resistivity are required in the strong spin-orbit coupling layer that provides the spin current. In this work
we prepare BiSePt alloy/Co heterostructures with in-plane magnetic anisotropy by magnetron sputtering
deposition. The alloy layer is deposited via one of two procedures, either co-sputtering or alternative-sputtering.
We study the BiSePt alloy samples and find that the spin orbit torque (SOT) efficiency decreases with the
increase of Pt component, which is attributed to the change of topological order of Bi,Se; amorphous surface,
caused by Pt doping. And the resistivity decreases with the increase of Pt component, which depends on the
increase of metallic property. Due to the balance of these two competing mechanisms, the spin Hall conductivity
of the alloy layer varies non-monotonically with the concentration ratio, and reach an optimal value at a ratio
of 67% of BiySe; component. With the increase of the BiySe; component, the SOT efficiency, electrical resistivity
and spin Hall conductance of the alloy layer show different trends. At about 20%-70%, they increase/decrease
tardily. At about 70%-100%, the resistivity ascends more prominently than the SOT efficiency, which leads the
spin Hall conductance to decrease. Comparing with using the co-sputtering deposition, the electrical
conductivity and spin Hall angle of the alloy layer obtained using alternating sputtering deposition are small,
which is attributed to the enhancing of interfacial scattering and the filter effect of Pt on the spin flow. In
contrast to traditional pure heavy metal materials (such as Pt, Ta) and topological insulator materials like
Bi,Se;, our BiSePt alloy devices obtained by co-sputtering deposition achieve industry-matched preparation
conditions, greater SOT efficiency, and considerable electrical conductivity of the alloy layer, thus making

further applications of SOT devices possible.
Keywords: spin orbit torque, BiSePt alloy, spin Hall angle
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