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This paper reports the effect of Ga composition on the static and dynamic magnetic properties of 10-nm-thick Fe-Ga
polycrystalline films. As for the static magnetic properties of these films, the saturation magnetization (4wl%)
decreased as the Ga composition increased. This feature is similar to that of Fe-Ga bulk alloy. The saturation
magnetostriction (1) also increased as the Ga composition increased, but these values were lower than those of Fe-Ga
bulk alloy. As for their dynamic magnetic properties, the damping constant («) decreased from 0.034 to 0.012 as the
Ga composition increased, suggesting that the magnetization of Fe-Ga films with Ga compositions below 25 at.%
switched slowly in the high frequency range. Therefore, the effect of Ga composition on « and /s is opposite between
the two, indicating that this feature differs from those in Ni-Fe and Fe-Si binary alloy films.
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Fig. 1 Typical examples of (a) selected-area
diffraction (SAD) pattern and (b) high angle x-ray
diffraction profile of 10-nm-thick Feioo-Gay film with
x=24.9.
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Fig. 2 (a) A schematic diagram of the broadband
ferromagnetic resonance (B-FMR) measurement
system. (b) The layout drawing of a sample, a CPW,
and a GSG probe. Arrows represent direction of RF
field and DC field.
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Fig. 3 Typical examples of M-H curves in 10-nm-
thick Feioo«Gax films with (a) x = 18.5 and (b) x =
33.4. Black lines denote M-H curve when Hex was
applied along in-plane arbitrary directions of Fe-
Ga films. Gray lines denote M-H curve when Hex
was applied along in-plane lateral directions of Fe-
Ga films.
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Fig. 4 Change in (a) remanence ratio (M:/Ms) and (b)
saturation magnetization (4aMs) of 10-nm-thick
Feio0+Gax films with Ga composition (x). Black circles
indicate M:/Ms when He was applied along in-plane
arbitrary directions of Fe-Ga films. Gray circles
indicate Mi/Ms when Hex was applied along in-plane
lateral directions of Fe-Ga films.
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Fig. 5 Dependence of saturation magnetostriction ()
on Ga composition (x) for 10-nm-thick FeioGax
films.

FTNOD Ga fBIZBNTHT v 7 (FMR & —27) 28T
&, FEEOENE &b, @R~ 7 b Lic, i

=7 ONEEIZEEEOEMNE L bIZIR hoTe, Th
HOY— 7 PEH S DI (He) & & — 7 O {HIE
UR %, a— LYWL D T 4 v T 4 T INBIRE
Lieo F7°, AR 2 F(ked) & Hex DEAFRZIX 6(b)
WRT s fres? D Hex W69 D 288N IE, S To L7z Kittel O

36 Transaction of the Magnetics Society of Japan (Special Issues) Vol.3, No.1, 2019



-—\/-—-—-fRes:9GHz
—— =10GHz
— =11 GHz
——— =12 GHz
i —_— =13 GHz
_v =14 GHz
- — =15 GHz
——— =16 GHz
— =17 GHz
‘N\/"" =18 GHz

. 1 . 1 . )
0 1000 2000 3000

Magnetic Field, H,, [Oe]
(a)

sy (a.u.)

400 . , . ,

w
o
o
T
|

2001 B

100+ B

(FMR Frequency)z,fRes2 [GHZ]

. 1 . L .
0 1000 2000 3000
Magnetic Field, Ho, [O€]

(b)

wu
o
o

N
o
S

w
o
o

200

1001 .

Full-width at Half Maximum, 4H [Oe]

0 P R R ER E
8 10 12 14 16 18 20

FMR Frequency, fres [GHz]
(c)

Fig. 6 (a) Typical examples of FMR spectrums in 10-
nm-thick Fegi 5Gaissfilms. (b) Relationship between
square of resonance frequency (fres2) and resonance
magnetic field (Hres), (¢) Relationship between full-
width at half maximum (H) and resonance
frequency (fres) in 10-nm-thick Fesi.5Gaiss films. The
solid lines in (b) and (c) represent the fitting curves
by egs (1) and (2), respectively.
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Fig. 7 Relationship between effective saturation
magnetization (4nMses) and Ga composition (x) for 10-
nm-thick Feioo.Gax films.
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Fig. 8 Change in damping constant (&) of 10-nm-
thick FeiooxGax films with Ga composition (x).
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