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Sb,Tes R BiyTes = EDA NI F4 FHEHZ. K& TEVT 7 AOMHDENIZ KD
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EAY UERED O DFEOMBIMEICE R Lz, RENLMELH BT 5 SbyTes DiE
By 7B T 7 A & SRIBEER CoFeB & O B A R L, iR 2L (FMR) & 12 X
D SRR EB TR0 ZFORER, #55h ShyTes TIEMBEALIZEE D BRI E B ok
DHER I NT2DS, TEIVT 7 & ShyTes TIIEE RS L 72 2IE R h o720 BT, R
R ICER 2 HHE LT, A A= VEEZMEL, ALY VR — VEEOKE ST
KA & BRI IARAE L CEILT 5 2 e Db h oz TORERIZ. HEIbE A ¥ M2 H)
HL7TNA ZADERZZFRTLHHDTH 5,

Chalcogenide materials such as Sb,Tes; and Bi»Tes are known as phase-change materials,
which can reversely change their phases between crystalline and amorphous by electrical
stimuli, and the resultant resistivity contrast is used for nonvolatile memory (phase-change
memory: PCM). In addition, these materials are a representative topological insulator, where
the presence of intrinsic strong spin-orbit coupling is expected to provide highly efficient
charge to spin current conversion. In this study, we focused on the relationship between the
crystalline structure (atomic alignment) and the spin characteristics. The bilayer samples
consisting of ferromagnetic CoFeB and topological insulator Sb,Te; were fabricated with
different phases of Sh,Tes, and the magnetic relaxation constants were investigated by
ferromagnetic resonance (FMR) measurements. Enhancement of the magnetic relaxation
constant was observed for crystalline Sb,Te; with thinning the layer thickness, while the
amorphous sample showed the independent behavior on film thickness. In addition,
electrodes were connected to both ends of the sample to measure the inverse spin Hall
voltage, and the magnitude of the inverse spin Hall voltage varied depending on the
crystalline phase and film thickness. These results support that the phase-changeable
spintronic devices can be realized.
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£ & 2EE o 2 Fig.1 Schematic illustration of spin pumping at CoFeB/

KPR ORI & BIFI S 5 4R A7 % Sh,Te; interface and measurement system of
et L7z inverse spin Hall voltage.
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JEZ2 W L7228 7EIVT 7 ASh,Tes 1§ X T=Eim CTHEEL 7. 5 MR IX
CowFeynBy D% —7y b & VT, SbyTe; %, iR T 10nm OFE X THBEL, &
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Fig.2

(a) Crystal structure of Sb.Tes. (b) XRD patterns
of 5-nm-thick (red) and 50-nmthick (green)
crystalline Sh,Te; films. The simulated XRD
pattern of the (001) preferred orientation is also
shown. (¢) TEM images of the 5-nm-thick Sh,Tes
sample for the crystal.”
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Fig.3 FMR spectra of (a) crystalline Sb,Tes, (b)

amorphous Sh,Te;. [5]

Kidh SbeTes. 7EIT7 7 & ShyTes TENZEIN 166.0G. 72.6G TH - 720 #dh SbaTes D
AHIEZ, 7ENTZ 7 ZlED 2 50 EKE < SbyTes DA MBI 25 A ¥ 2 {F AR)EIZ
HELBEE 2R LTOWDE I ENTH 5. Fig.41d, MilEo#NEAH % SbyTes EE D

- 169 —



(W) HARBRE AR T2 %4, 42 (2024)

Eg#(k Lfi k&)f’%)o)fjb% naa 42

107

AREORIFIIBE A 22 B2 T 300 I T G I
BWinL. BE 4nm CTRARMEE 2D, 250 - Crystal S;iz 1 30
< B E WO Lo — ; s
7 ENV T 7 A ShyTes Ol 13 BIE 4K
GUEPHEHTEZ DI ENE WV, T2,
[ X o 45 il 12 & B kg B (CoFeB/
Sb,Te;) & CoFeB O A D HiJg i d 4
VEVITEBDENa RS, WH . , , ,

EBREFETIE, ARV TROE S 2 4 6 3 10
MWEFDODAY VIEWHEL D /DS 0Y tsr (nm)
Ay ORI S5 A ¥ O AS  Fig.4 FMR linewidth A H and difference of the
D, FrEyTEROBmz damping parameter A a (=acoren/sp2703/
L i
& SbeTe; Tldy JE X 23 7nm LLF
275 EWEELA a DML, fEROERESRE & IMEEROE SARF R 2358 % 5
eI DL, B, Fig.d DFAKIIRT LI, TEIVT 7 & ShyTe; & &l ShoTes
D ¥ — MEPLRs OFEEARFE L. H 2 HoWPLEE — IR B HEILIC X 5 &bt
DM ERL TS, Zhid, SheTe; DFEMES L D HVETH T4l SN Tn 5
CLEEKRT AL, 22Ty JEE 7nm DL DS ShyTes il TS N2 AH & Aa DF
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Fig.5 FMR spectra and the voltage signal of (a) crystalline
and (b) amorphous Sb,Tes samples. Symmetric and
asymmetric components obtained by fitting are also
shown by green and violet solid lines, respectively.

Tablel. Parameters obtained by fitting model to the voltage.
Crystal Thickness AH Vsym Vasym Vsym/R
Structure (nm) (GQ) V) ©Vv) pv/Q)
Crystal 5 nm 201.4+0.3 3.06+0.02 0.57+0.01 5.40 x 107
10 nm 70.0+ 0.6 10.6 + 0.06 2.28 +£0.03 2.51 x 10
Amorphous 5 nm 80.4+ 0.5 11.1£0.06 2.31+£0.03 2.19 x 10~
10 nm 65.4+0.2 10.9+0.04 2.43+0.02 2.16 x 102
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CoFeB/Sh,Te; @I BT 5 A VR V¥ ¥ ZFaH % 2R T FMR 3% F v CEHifi L.
SbyTes DI DENIC X LB 2HAL, X612, ThZ2RHLTHAY Y R—=IVEED
W58 % 1T - 720 Tnm PUF O RIE T35 5 AH Sby Tes i T 0 & 3L EAZ 5 o F5LIE o S 7 B K
BB SN, TEILVT 7 X ShyTes TIEEEIZ Db S FIF & A EBILA L h o720 Hbd
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