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Table 1. Growth conditions and related information of sample films.

PERRGHS K r/umemin !

HREBE /um  ERKERE/CC  BEHERE/rmin~! FEHEEREE /s A K E /min

1 0.45 9.96 903—902
2 0.65 10.14 899—898
3 0.75 10.67 897—896
4 0.85 10.32 895—894

60 5 22
60 5 16
60 5 14
60 5 12
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Fig. 1. X-ray rocking curves of (BiTm)3(GaFe)5012

films with different growth rates.
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Fig. 2. Schematic diagram of stress (o) of films with lattice mismatch (Aa,): (a) Aay >0, o/, is tensile

stress; (b) Aay <0, 0 is compressive stress.

Table 2. Calculation of lattice mismatch (Aaj ) and stress (o).

AKEFE r/ummin~!  Af/arcsec  ag, /A Aai /1073 A ag /A £,/(107%) 0, /GPa  RiAjEM
0.45 311 12.3635 +19.506 12.3722 +8.30 +0.235  EKHKR T
0.65 170 12.3723 +10.671 12.3771 +4.54 +0.128 LI Iowa)
0.75 —89 12.3886 —5.595 12.3861 —2.38 —0.067 FERL A
0.85 —277 12.4004 —17.431 12.3927 —7.41 —0.209  BUKERS
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Fig. 3. Schematic diagram of total spontaneous mag-
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K4  ARERER KB FT o, BTSN (F2) A (202 J7 17 1 M-H i 28
oy = +0.235 GPa; (b) r = 0.65 pm/min, o, = +0.128 GPa; (c) r = 0.75 pm/min, o,
0.85 pm/min, o, = —0.209 GPa

(a) r = 0.45 pm/min,
= —0.067 GPa; (d) r =

Fig. 4. Hysteresis curves of films with different growth rates 7 and different mismatch stress o, along out-of-

plane (black) and in-plane (red) directions: (a) 7 = 0.45 pm/min, o, = +0.235 GPa; (b) r = 0.65 pm/min,
oy = +0.128 GPa; (c) 7 = 0.75 pm/min, 0/, = —0.067 GPa; (d) r = 0.85 pm/min, o/, = —0.209 GPa.
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F3  RAESIARE TR (Ha) W& 580 (Hk) IR (M /M)
Table 3. Stress-induced effective anisotropy field (Hy ), total magnetocrystalline anisotropy equivalent field
(Hk) and remanence ratio (My/Ms).

AKIHE r/pm-min ! ey/(107%) o//GPa ISR Hp /Oe Hg /Oe M,/ My
0.45 +8.30 +0.235 LN VWA 542 2400 0.347
0.65 +4.54 +0.128 [ 35wl 118 1955 0.264
0.75 —2.38 —0.067 JERL Sy —62 1130 0.196
0.85 —7.41 —0.209 LNV —193 1095 0.188

VE: 1 Oe = 79.577 A/m.

[Ar11(,y) [ K, {2 H RIS X280 BIRZ,
b, oy >0 (o) < 0) B, Hy >0 (Hx < 0),
A HTAE 6 9/ (BK), KL Hye HK (). FIH
Kubota % 7400 e 37 iy i+ SRR, dl i (2b)
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SR AR R EIR 2K B 05 (185 (b)), R 5 HeAZ il I
A 25l IR IE (K5 (o)), LA BT HE
B 2R (5. (d)). 1815 (a) Hh K S BT s 1
W, BHIERCK KR 7] (0, = +0.235 GPa) 1
T, BERTE AL T 38 B S PR OCE B AR A, 00
BT FME Y, X 5 R0 SCREVE B AR AUAR KT R Ik
bk, B 5 (a) LA SR A2 PRI T R 80™ . [
BB 5 (b)—(d) 73 SRR R AE RN GRS )N
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0.45 pm/min, 0, = +0.235 GPa; (b) r = 0.65 pm/min,
oy = +0.128 GPa; (c) » = 0.75 pm/min, o, = —0.067
GPa; (d) 7 = 0.85 um/min, o, = —0.209 GPa

Fig. 5. Magnetic domain of films with different growth

rates r and different mismatch stress o/: (a) r =
0.45 pm/min, o/, = 40.235 GPa; (b) r = 0.65 pm/min,
oy = +0.128 GPa; (c) r = 0.75 pm/min, o, =
—0.067 GPa; (d) 7 = 0.85 pm/min, o/, = —0.209 GPa.
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Fig. 6. Relationship between magnetic domain width

and mismatch stress o 4 in the films.
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Abstract

Yttrium iron garnet (YIG) film is a kind of magnetic film and has been investigated extensively because of its
excellent magnetic properties and various applications in different fields. Generally, the easy-axis of the film is in-plane
and can be changed from in-plane to out-of-plane by introducing some Bi*" ions into the dodecahedral sites as it has big
uniaxial anisotropy, which will be very important in magnetic bubble memories, magneto-optical devices and the new
development of spin-wave logic devices. In comparison with many other preparation techniques, the liquid phase epitaxy
(LPE) has been consider as a potential method of realizing perpendicular magnetization film due to its big growth-
induced anisotropy. However, the LPE technique has more stringent requirements for lattice match between garnet film
and gadolinium gallium garnet (GGG) substrate, especially in the growth of thick film. The lattice match is the key
factor in LPE growth if the aim of experiment is to achieve a perfect quality and thick film. In most of experiments,
there always exists the lattice mismatch between the film and substrate. Owing to the film and substrate have different
chemical compositions, their lattice mismatch stress is unavoidable. The purpose of this paper is to investigate the effect
of the stress on the anisotropy and then the magnetic domain of (BiTm)s(GaFe)s012 single crystal film.

In our experiment, the monocrystalline (BiTm)3(GaFe)5012 films are prepared on (111)-oriented GGG substrates by
LPE technique and the effect of lattice mismatch stress on the uniaxial anisotropy and magnetic domain are investigated.
It is found that the lattice constant of the film is mainly determined by the content of Bi®*" in the film composition.
and the increase of Bi*t content leads to the increase of the film lattice constant, which affects the lattice mismatch
stress between film and substrate. The lattice mismatch stress can adjust the perpendicular anisotropy of film which
is the main reason for the domain changes. As the mismatch stress changes from tensile stress to compressive stress
gradually, the magnetic bubble domain is transformed first into maze domain, and then into the partially striped domain,
finally into the completely striped domain. The mismatch tensile stress is an effective method to enhance perpendicular
anisotropy, when the growth-induced perpendicular anisotropy is not large enough. The bubble domain can only appear
on the film with large tensile stress. The domain size is closely related to the stress. The domain width becomes wider
as the mismatch stress becomes larger and it has the smallest domain size as the stress is minimum. These experimental
results are very useful in controlling the uniaxial anisotropy and magnetic domain based on the change of the lattice

mismatch stress in the growth process.

Keywords: lattice mismatch stress, magnetic domain, liquid phase epitaxy, uniaxial anisotropy
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