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Kl 1 (a) SiOy(3 nm)/Thy 15(Feq.75C00.25)0.54(50 nm)/SiOy(3 nm) FITESNT FIRER F1ZE; (b) SiOy(3 nm) /Thy g4(Feg 75C0p.25)0.76(50 nm)/
Si0,(3 nm) [ 1 0 J7 [ B 7128 5 (c) Si0s(3 nm)/Th,(Fey75C00.25)1 (50 nm)/SiOo(3 nm) 48 F1#E Ak 558 BF 1 3 1 095 8 41 Bl Tb &
HEAYAEAL; (d) Si04(3 nm)/Thy 16(Feq.75C0g.25)0.81(50 nm) /SiOx(3 nm) MYFE/RBELFIZL; (e) SiO4(3 nm)/ Thy s4(Fey 75C00.25)0.76(50 nm)/

Si0,(3 nm) 1478 /K LB M1 2%

Fig. 1. The out plane of M-H loops of the samples of (a) SiOy(3 nm)/Tby 15(Feq.75C0p.25)0.84(50 nm)/SiO5(3 nm) and (b) SiOy(3 nm)/
Tby.o4(Feq.75C00.25)0.76(50 nm) /SiO5(3 nm); (c) the saturation magnetization and perpendicular coercivity as a function of Tb concen-
tration for SiO5(3 nm)/ Th,(Feq75C00.25)1 (50 nm)/SiOy(3 nm). The Hall resistance loops of the samples (e) SiO,(3 nm)/Tby 16(Feq 75
C0g.25)0.84(50 nm)/Si05(3 nm) and (£) SiO4(3 nm)/Thy 54(Fey75C0p.25)0.76(50 nm)/SiOx(3 nm).
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PRI (5 —T00) 38 /0 Tk H R B IR BN 1Y
M AR (55 —000). i 36 5T I REAE 3220k
F IR 4f T, AN S 5HRHY B s D 2,
X} E 2R SR B BH BTERAR /S, T LAEANEE Th B
= ik, TbFeCo i X 19 K% 2 /K 20+ 2 i
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0] o kAL B0 RE s, ELREAEAMEE TR AE & A= 12 0.21 <
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B2 (a) Pt(3 nm)/Thy5(Fegr5Cop.a5)o.87(3, 5 nm)/Pt(3 nm) i 2 /K HL B £k ; (b) Pt(3 nm)/Thys4(Fepr5C0p.25)0.76(3, 5 nm)/
Pt(3 nm) 19 2 /K HL BH [ 28 5 (c) Pt(3 nm)/Tb, (Fey75C00.95)1_(5 nm)/Pt(3 nm) & & i J1 B Tb & & 19 48 1k ; (d) Pt(3 nm)/
Thy(Fepr3C00.05)1 o(3, 5 nm) /Pt(3 nm) i 1 A1 5 4 2 /K BB B Th & B 09 2846 [ (c) B4 181 Pt(3 nm)/Thy g1 (Fegr5C0p.25)0.70
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Fig. 2. The Hall loops of the samples of (a) Pt(3 nm)/Tby3(Feq75C00.95)0.87(3, 5 nm)/Pt(3 nm), and (b) Pt(3 nm)/Tbyqy(Feg 75
Cog.95)0.76(3, 5 nm)/Pt(3 nm); (c) the coercivity as a function of Tb concentration for Pt(3 nm)/Tb,(Fej75C0.95)1 (5 nm)/Pt(3 nm);
(d) the saturated anomalous Hall resistance as a function of Tb concentration in Pt(3 nm)/Tb,(Fey5C0g.05)1 »(3, 5 nm)/Pt(3 nm).

The inset in Figure (c) shows the normalized Hall resistance loops of the sample Pt(3 nm)/Tbg o (Feq 75C0g.25)0.79(5 nm)/Pt(3 nm) in

the as-deposited state and after annealed 250 °C.
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Bl 3 (a) W(5 nm)/Thy(Fepr5C00.5)0.70(3, 5 nm)/W(5 nm) #Y 2 /K AL B[] £k ; (b) W(5 nm)/Thy 54(Feq.75C00.25)0.76(3, 5 nm)/
W(5 nm) BRI AL BLIIZ; (c) W(5 nm)/Th,(Feg 75C00.5)1-4(3, 5 nm)/W (5 nm) Y 5L H /% HL LB Th & ik 9224k (d ) W(5 nm)/
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Fig. 3. The Hall loops of the samples of (a) W(5 nm)/Thg e (Feg75C00.95)0.79(3, 5 nm)/W(5 nm) and (b) W(5 nm)/Thyu(Feq s
Cog.95)0.76(3, 5 nm)/W(5 nm); (c) the anomalous Hall resistance as a function of the Tb concentration in samples W(5 nm)/
Tb,(Fey.75C00.95)1 (3, 5 nm)/W(5 nm); (d) the Hall loops of the sample W(5 nm)/Th o4(Feg 75C00.95)0.76(5 nm)/W (5 nm) after an-
nealed at 300 and 350 °C; (e) the transverse Hall resistance as a function of longitudinal in-plane field for the sample W(5 nm)/
Thy.16(Feq.75C00.95)0.84(5 nm)/W(5 nm); (f) the coercivity and effective perpendicular anisotropic field as a function of Tb concentra-
tion in W(5 nm)/Tb,(Feg75C00.5)1 o(5 nm)/W(5 nm), where blue circle and dark yellow circle represent the coercivity and effective
perpendicular anisotropic fields in the as-deposited samples, respectively, and orange circle and black circle represent the corres-
ponding parameters for the 300 °C annealed samples.
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Fig. 4. The out plane of M-H loops of samples of (a) [Pt(3 nm)/Thg15(Feq75C00.25)0.84(5 nm)]5/Pt(3 nm), Pt(3 nm)/Thy6(Feq.75
C0g.25)0.84(25 nm)/Pt(3 nm), and (b) [W(5 nm)/Thg6(Feq75C00.25)0.84(5 nm)]5/W(5 nm), W(5 nm)/ Thy,(Feq75C00.95)0.84(25 nm/
W(5 nm). (c) The X-ray diffraction patterns of above four samples. The inset shows the zoom of the diffraction peaks.
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Abstract

Amorphous rare earth (RE)-transition metal (TM) ferrimagnetic alloy films have been intensively studied
recently in spintronics and ultrafast information storage due to the large perpendicular magnetic anisotropy
(PMA), ultrafast magnetization switching, and the presence of magnetization compensation and angular
momentum compensation. In this work, we fabricate X/Tb,(Fe(75C0q95)1 /X (0.13 < 2 < 0.32, X = SiO,, Pt
and W) trilayers by magnetron sputtering, and systematically investigate the magnetic properties and thermal
stabilities of the ultrathin TbFeCo films encapsulated by heavy metals Pt and W at room temperature. The
5-50-nm-thick ThFeCo films sandwiched by SiO, exhibit PMA with magnetic compensation occurring in Th
concentration z between 0.21 with 0.24. For 3-nm- and 5- nm-thick TbFeCo ultrathin films encapsulated by Pt,
however, there is no magnetic compensation observed throughout the composition range 0.13 < z < 0.32 with
the film magnetization dominated by the FeCo moment. Nevertheless, the weakened PMA for the Pt/ultrathin
ThbFeCo/Pt trilayers is completely destroyed after annealing at 250 “C. When the buffer layer and capping layer
of Pt are replaced by W, the ultrathin TbFeCo films show magnetic compensation at 0.21 < x < 0.24, so do the
thick TbFeCo films. The effective PMA field (Hg) exceeds 11.5 T for the W /ultrathin ThFeCo/W films near
the compensation composition, and remarkably, the Hy decreases slowly on annealing, with PMA maintained
even after annealing at 350-400°C. We further prepare [Pt/TbFeCo|;/Pt and [W/TbFeCol;/W multilayers to
clarify the origin of the huge difference between Pt/ultrathin TbFeCo/Pt and the W counterpart. It is found
that there are partial recrystallization and phase separation for ThFeCo layer around the Pt/TbFeCo interface,
leading to the disappearance of magnetic compensation and the deterioration of the PMA in the Pt/ultrathin
TbFeCo/Pt films. With large PMA, W/ultrathin TbFeCo/W films show the presence of magnetic
compensation, and excellent thermal robustness. The present study provides a promising heavy metal/RE-TM

heterostructure for spintronic applications.

Keywords: ferrimagnetic alloy/heavy metal heterostructure, magnetic compensation, perpendicular magnetic

anisotropy, thermal stability
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