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Fig. 1. XRD spectra for (a)10 nm and (b) 40 nm HolIG film, the dashed line is the (444) peak position of bulk HolG, the inset is
rocking curve of 10 nm and 40 nm HolG (444) peak, respectively. The reciprocal space mapping of XRD around (486) diffraction for
() 10 nm and (d) 40 nm HolIG film, the dashed line corresponds to the g, value of the GYSGG (486),/[110].
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Table 1. The in-plane strain (5//)7 perpendicular strain
(1), in-plane stress (o) and effective perpendicular an-
isotropy field (H) for 10 and 40 nm HolG films.
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Fig. 2. The anomalous Hall resistance as a function of external field for (a) 2 nm, (b)10 nm and (c¢) 40 nm HolG /Pt heterostructure;

(d) thickness dependence of the saturated anomalous Hall resistance. The inset is the M-H loop for the 60 nm HolG film; (e) plane

Hall resistance against the in-plane field for 10 nm HoIG/Pt; (f) thickness dependence of the effective perpendicular anisotropy field,

the dashed line is the guide to the eye.
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Fig. 3. Field dependence of resistance for the sample (a) 2 nm, (b) 10 nm and (c¢) 40 nm HoIG/Pt with the field parallel to the film

plane and orthogonal to the current (H;), parallel to the current (H /), and perpendicular to the film plane (H_); (d) thickness de-

pendence of magnetoresistance ratio AR/R for the HoIG/Pt heterostructure. The inset is the angular dependence resistance for the
10 nm HoIG/3 nm Pt stack with the in-plane field magnitude fixed at 360 mT.

SR AR FIRESHIN SSE 8 mEYEL Ik E
BIRERSEEEHT, R E— Sk sh =2k ) A
T ABER, iAW X R E B2, i
T 38 Ao A 0 4 S 2 3 1 e 2 R B8 s o Tt e
7 Ay HL I BT B R X R MR A AR P T
SEK, TEIRIERRRE T, B SRALN AH G Pt ST
R PR S BONXT B 1 S BEHT AR ALY (ANE),
H5 ABEEN Fif5 55844, Bril B arirg 520
S5 AL AR B R B 4(a)— [ 4(c) S
H T =AM HolG /Pt A E IR £ 5K T
TR 2% 13 K (% LSSE JLAa[#4 % T 75 Ak,
FE Vi, BETE NG HASfR 2. @aR, BIE7eiE
# HolG ¥, [MIFEMEL 2] T Al ILAY SSE/ANE
HUE (Vi BRRME, IC1E Vg ane), BEE HE SR
FERIEIN, Vasp,ane HEUEIN. IifEREH, SSE/ANE
RO TP A I R Vi, 1E LTV TN RESS 1)
FIREAL AT, BITLA V- H BRER TR AT P9 7 18] A9
fiiy IR 2 AR R TR BL S REALRE S 1) V- H 207
FRAG I 0 FIRG 375 [R)RE X I A8 R0 B4 1) S
Hyc, 517 1 Y- 1A 22 21 5500 0 8 119 235 SR A 1R 25 Vi 1

WNR—EH. 18 4(d) 1 T Vigp/ane BE HolG J&
FE R AR, AR MRS TE , Ghin] B HEZE D e i R
Vasp Bl YIG #ARRE (200 nm L+ HOK I )
AR 2 P RO A B0

Vsse o< [1 — exp(—t/€)], (5)
Horp ¢ RIREVERRIE, & AR R4+ 1A Rts
TR IRA T 2B A e 28 DL v i R B M 2
JEERE R B AR 4k, HAE 10—100 nm J5 2 75 K IH
SEFRBOE I B, BRI T ARSI Vagr ane HUE
AT BEFEAE— 8 1Y SCH RESTTRERAON 1 Bk, FRA T4
IR EE AR IR (5) XA PLG, BB EE S GE
BEAR G M ADL A, X 7 3 Bt Ve A o 390 B e )
B, U BRI R A R AR S M DTk LU R A
PR, HI AR T ()32 S A A AR 58k
. Vsgp MM 2R A8 46 2 i T SSE ik
TR ARG STk, T I eI i i
TP ERR, 70 B I AL G 3 P 1
E PR 1 HA R LK BN (BR B = B 4s 5t
BOR) BRI REIR T B STk, B Lh SSE BN /D

077501-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 7 (2021)

077501

(a)

0.2 —&— 2 nm

Vin/nV
)

‘-;‘5

—400 —200 0 200 400

poH/mT
(c)
6
—m@— 40 nm
>
2 -
E L
—6
—400 —200 0 200 400
poH/mT

4 YA [ EIE DL s LA AR
J LR FE HolG JREBE A4k, P i B 4 AR B (5) sUm Bl i &

Vin/nV
o

_3t
(b)
—400 —200 0 200 400
poH/mT
(d)
6l
>
=
~
£
Z 3
g
=
ot
1 1 1 1 1 /L 1
0 10 20 30 40 100
t/nm

(a) 2 nm, (b) 10 nm F (c) 40 nm HolG /Pt & i A4 #fL [T il 01 14 37 9 22 465 (d) H EZE UL

Fig. 4. In-plane field dependence of thermal voltage for (a) 2 nm, (b) 10 nm and (c) 40 nm HolG/Pt heterostructure under the lon-

gitudinal spin Seebeck geometry; (d) thickness dependence of spin-Seebeck voltage, the dashed line is fitting curve using Eq. (5).
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Epitaxial growth of Hos;Fe;0,, films with perpendicular
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Abstract

Rare-earth iron garnet films with perpendicular magnetic anisotropy could open new perspectives for
spintronics. Holmium iron garnet (HosFe;O;,, HolG) films with thickness ranging from 2 to 100 nm are
epitaxially grown on (111) orientated gadolinium gallium garnet single crystal substrate doped with yttrium and
scandium (Gdgg3Y5375¢,Gaz015, GYSGG) by ultra-high vacuum magnetron sputtering. A 3-nm Pt film is
further deposited on each of the HolG films. The magnetic anisotropy and magneto-transport properties of
heterostructures at room temperature are investigated. It is shown that the HolG film as thin as 2 nm (less
than two unit cells in thickness) exhibits the ferromagnetic properties at room temperature, and perpendicular
magnetic anisotropy is achieved in the 2-60 nm thick films, and a maximum effective perpendicular anisotropy
field reaches 350 mT due to the strain induced magnetoelastic anisotropy. The HolG /Pt heterostructure shows
significant anomalous Hall effect (AHE) and appreciable spin-Hall magnetoresistance (SMR) and/or anisotropic
magnetoresistance (AMR). Remarkably, the AHE starts to decline gradually when the HolG thickness is less
than 4 nm, but the magnetoresistance decreases rapidly with the HolG layer becoming less than 7 nm in
thickness. The fact that the AHE in the heterostructure is less sensitive to the HolG thickness suggests that the
interface effect is more dominant in the AHE mechanism, whereas the bulk magnetic properties of the HolG
plays a more important role for the observed magnetoresistance. In addition, the spin Seebeck effect decreases
exponentially with the decrease of HolG thickness till the ultrathin limit, which was previously validated in the
micrometer-thick YIG/Pt stacks in the frame of thermally excited magnon accumulation and propagation. The
present results show that the nanometer HolG/Pt heterostructure with tunable perpendicular magnetic
anisotropy and efficient interfacial spin exchange interaction could be a promising candidate for insulating

magnet based spintronic devices.
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