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Fig. 1. (color online) Hysteresis loops for (a) 250 nm
and (b) 300 nm NiFe films fabricated by using a sput-
tering power density of 15.6 W/cm? and an Ar pres-
sure of 2 mTorr; (c) angular dependence of remanence
ratio (M, /Ms) for both the 250 nm and 300 nm NiFe
films. The insets in (a) and (b) show the 5 pm x 5 pm
MFM images of the 250 nm and 300 nm NiFe films.
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Fig. 2. (color online) Hysteresis loops and magnetic domains for 300 nm NiFe films fabricated (a) by using a

fixed Ar pressure of 2 mTorr and different power densities and (b) by using a power density of 15.6 W /cm?

and different Ar pressures. The insets in (a) and (b) show the corresponding 5 pm x 5 pm MFM images.
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Fig. 3. (color online) (a) Geometry of FMR measurement (6 is the angle between the in-plane magnetic field

and the in-plane magnetic easy axis); (b) FMR spectra measured at different field orientations 6 for 250 nm

NiFe films fabricated at power density of 15.6 W/cm? and Ar pressure of 2 mTorr; angular dependence of

the resonance field and the corresponding fitting lines for (c) 250 nm and (d) 300 nm NiFe films fabricated

at 15.6 W/cm? and 2 mTorr.
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Fig. 4. (color online) (a) FMR spectra measured with different orientations of out-of-plane magnetic field for 250 nm NiFe

film fabricated at power density of 15.6 W/cm? and Ar pressure of 2 mTorr. The inset of (a) is the geometry of FMR

measurement with different out-of-plane field orientation, where 6y and ), are the directions of the applied magnetic field

and the magnetic moment with respect to the normal of NiFe films, respectively. (b) The out-of-plane field orientation

dependence of resonance field for NiFe films fabricated at 15.6 W/cm? and different Ar pressures. The dots represent the

experimental resonance fields. The solid lines are the fitting results obtained by using Egs. (2) and (3).
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Fig. 5. Cross-sectional SEM images for 300 nm NiFe
films fabricated at power density of 15.6 W/cm? and
Ar pressures of (a) 2 mTorr, (b) 6 mTorr, and (c)

9 mTorr.
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Abstract

Magnetic anisotropy is one of the most important fundamental properties of magnetic film. For the high-frequency
applications, the magnetic anisotropy determines the ferromagnetic resonance frequency of magnetic film. Due to the
directionality of conventional static magnetic anisotropy in magnetic film, the high-frequency device usually exhibits
a remarkable angular dependent behavior. Only when the microwave magnetic field is perpendicular to the magnetic
anisotropy, can the device work at the best performance. The magnetic film with a thickness beyond a critical value
displays a stripe domain structure as well as an in-plane rotatable magnetic anisotropy, which can be an important
strategy to solve the problem of magnetic field orientation dependent performance in high-frequency device. Thus,
the fabrication, the magnetic anisotropy, the magnetic domain and the high-frequency behavior for magnetic film with
stripe domain structure have received extensive attention. Previously, a lot of studies have qualitatively indicated that
the different fabrication processes could change the critical thickness values of displaying stripe domains, the magnetic
domains, and the magnetic anisotropies in many magnetic films. However, the quantitative investigation, especially
regarding the magnetic anisotropy which determines the high-frequency behaviors of magnetic films, is less. NiFe alloys
display excellent soft magnetic properties, which have been extensively applied to various spintronic devices. In addition,
the stripe magnetic domain is discovered for the first time in NiFe film. In this work, we fabricate NiFe magnetic thin
films by using radio frequency magnetron sputtering technique at room temperature and quantitatively study the effects
of film thickness, sputtering power density and Ar pressure on the magnetic domain structure, in-plane static magnetic
anisotropy, in-plane rotatable magnetic anisotropy and out-of-plane magnetic anisotropy. For NiFe films fabricated at a
power density of 15.6 VV/cm2 and an Ar pressure of 2 mTorr (1 Torr = 1.33322 x 102 Pa), the critical thickness values
for the appearance of stripe domain structures in NiFe films are between 250 and 300 nm. The out-of-plane magnetic
anisotropy field of 300 nm NiFe film is nearly twice as that of 250 nm NiFe film, which gives rise to the occurrence of

stripe domain structure as well as the in-plane rotatable magnetic anisotropy. The high sputtering power density could
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reduce the critical thickness for the occurrence of stripe domains. For 300 nm NiFe film fabricated at a power density of
15.6 W/cm?, with Ar pressure increasing from 2 to 9 mTorr, the out-of-plane magnetic anisotropy field increases from
1247.8 to 3248.0 Oe (1 Oe = 79.5775 A/m) and the in-plane rotatable magnetic anisotropy field increases from 72.5
to 141.9 Oe. Meanwhile, the stripe magnetic domain structure changes from well aligned to disordered state, and the
corresponding wavelength of stripe domain is reduced from 0.53 to 0.24 pm. The cross-sectional characterizations of
NiFe film indicate that the formation of columnar structure produces an out-of-plane magnetic anisotropy, giving rise
to the appearance of stripe magnetic domain structures. The low Ar pressure is in favor of the formation of columnar
structure in magnetic film under the high sputtering power density, which gives rise to the appearance of well aligned stripe
magnetic domains. However, the high Ar pressure leads to a fibrous columnar structure, which enhances the out-of-plane
magnetic anisotropy and reduces the critical thickness for the occurrence of stripe domains. Our investigation provides
an important reference to fabricating magnetic films and controlling their static and rotatable magnetic anisotropies for

the application in high-frequency devices.

Keywords: rotatable magnetic anisotropy, stripe domains, ferromagnetic resonance
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