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The demand for rare-element-free permanent 

magnets, which are ubiquitous in electric vehicles, 

robotics, wind power generation, and storage devices 

in consumer electronics and home appliances, is 

increasing because of the trend toward a carbon-

neutral and a more sustainable society. L10-FeNi is a 

promising material for meeting the demand because it 

does not contain noble metals or rare-earth elements. 

The high potential of L10-FeNi as a magnetic material 

is attributed to its crystal structure that has alternately 

stacking monatomic layers of Fe and Ni along the 

c-axis 1)-5). According to a previous study 4), the 

substantial magnetic anisotropy energy in L10-FeNi 

is primarily attributed to the spin–orbit interaction 
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with the orbital anisotropy in 3d Fe electrons owing 

to the L10 structural ordering, as was revealed by 

X-ray magnetic circular dichroism measurements. 

This result agrees with the prediction made through 

a first-principles calculation 5). L10-FeNi sometimes 

partly exists in some meteorites because the structural 

transformation temperature of the compound is so low 

that the structural ordering process takes an extremely 

long time owing to the very low atomic diffusion 

velocity. Studies of L10-FeNi phases have revealed a 

high uniaxial magnetocrystalline anisotropy energy 

(Ku) of 0.84 MJ/m3 6), as well as high coercivity (Hc) 

values of 100–796 kA/m7)-9). Moreover, methods for 

synthesizing artificial bulk L10-FeNi by the neutron 

irradiation of disordered FeNi alloy (A1-FeNi) in a 

magnetic field have been reported; these methods yield 

a Ku value of ~1.3 MJ/m3 10)11).

Recently, several industrially compatible synthetic 

methods have been proposed. The nitrogen insertion 

and topotactic extraction (NITE) process is a method 

to promote the ordering of Fe and Ni using the 

tetragonal FeNiN phase, which is an anti-ferromagnet 

with a N´eel temperature of 178 K possessing an 

ordered Fe and Ni structure similar to L10-FeNi 12)-

14). By nitriding A1-FeNi powders with ammonia gas 

and denitriding with hydrogen, L10-FeNi powders 

that have a high long-range order (S) of 0.71 and an 

Hc of 142 kA/m have been produced 14). Moreover, 

a mechanical alloying process to obtain L10-FeNi 

powders has been reported; this process yields an S 

of 0.3 15). Further, a third element such as P has been 

added to FeNi, and an L10-ordered structure has been 

synthesized 16). Despite these synthetic attempts, larger 

Ku and Hc values than those of meteorites or neutron-

irradiated L10-FeNi are yet to be achieved.

As an alternative to bulk production methods, 

molecular beam epitaxy (MBE) has been used to 

achieve high magnetic anisotropy in FeNi films. In 

this process, Fe and Ni monolayers are deposited 

alternately, yielding S = 0.48 and Ku = 0.7 MJ/m3 17). 

Another approach is to grow epitaxial FeNiN(100) films 

on MgO(001), MgAl2O4(001), and SrTiO3 (STO)(001) 

substrates and to subsequently convert them to epitaxial 

L10-FeNi (100) films by denitriding 18). The highest S 

of 0.87 was obtained for L10-FeNi(100)/STO(001); 

however, the film had two types of nanoscale 

crystallographic variants with the c-axes of each 

variant intersecting at 90°, and Ku was suppressed to 

0.59 MJ/m3 because of the competition of the uniaxial 

magnetic anisotropy of each variant 19). Therefore, 

to obtain a reliable value of Ku, the L10-FeNi films 

should be uniform and free of variants. For L10-FeNi 

films on LaAlO3 (LAO)(110) substrates, the two-fold 

symmetry of the LAO(110) surface allows the growth 

of variant-free epitaxial L10-FeNi(110) films, yielding 

S = 0.60 and Ku = 0.55 MJ/m3 20). However, their Hc 

is not large (~95 kA/m) because the magnetic domain 

walls move smoothly in these uniform films.

To enhance Hc, it is important to form single 

magnetic domain particles with easy magnetization 

axes arranged coherently according to the Stoner-

Wohlfarth (SW) theoretical model 21). One method 

to achieve this is the formation of films by sputtering, 

which yields isolated island structures 22)23). Island-

shaped L10-FeNi thin films on quartz glass substrates 

have been formed by applying the NITE process to 

the sputtered films; these films have an even higher 

Hc of ~188 kA/m23). However, the system is not 

appropriate to obtain the maximized Hc predicted 

by SW model because the easy magnetization axes 

of the islands are randomly oriented. Moreover, the 

Ku value has not been measured, and therefore, it 

is difficult to derive the potential Hc value. In this 

study, highly oriented and L10-ordered FeNi films 

with sufficiently isolated island structures that can 

be considered as SW-type particles were fabricated 

on an LAO(110) substrate using the NITE method. 

This study aims to measure the maximized Hc and 
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Ku values directly in these L10-FeNi films with island 

structures and compare the orientation and S of the 

film quantitatively for investigating the potential Hc of 

synthetic L10-FeNi. As the NITE method is suitable 

for industrial applications, we believe that this study 

holds considerable significance in determining the 

potential for the future scale-up of L10-FeNi magnetic 

powder synthesis with high degree of order.

2.1  Film deposition and NITE
The L10-FeNi films were fabricated on LAO(110) 

using sputter deposition and the NITE method, 

as shown in Fig. 1. First, A1-FeNi films were 

deposited by the magnetron sputtering of FeNi alloy 

targets (Kojundo Chemical Laboratory Co., Ltd., 

Fe:Ni=50:50 at%, 99.99% purity) onto LAO(110) 

substrates using a high vacuum (base pressure <2.0 

× 10-5 Pa) radio-frequency (RF) sputtering system 

(CMS-6420, COMET Corp.). The substrates were 

held at 400 ℃ under a pressure of 0.3 Pa with a flow 

of high-purity argon (purity 6 N) during the RF 

sputtering deposition. The nominal growth rate was 

around 0.5-0.6 nm/min. The thickness of the film 

was controlled by varying the deposition time. The 

average thicknesses of the films after deposition and 

the subsequent NITE process are 12.4 ± 0.6, 16.8 ± 

0.7, and 17.2 ± 0.8 nm for samples denoted A, B, and 

C, respectively, as listed in Table 1.

The nitriding and denitriding processes were as 

follows. The sputter deposited films with a size of 

approximately 4 × 4 mm2 were placed in an electric 

furnace. In an atmosphere of ammonia gas (purity 5 

N), which flowed through the tube at a rate of 5 L/

min, the samples were heated at 325 °C for 20 h. 

Subsequently, samples A and B were annealed at 375 

°C for 10 h and sample C for 1 h. The denitriding 

process for all samples was conducted in H2 gas (purity 

5 N) flown through the system at a rate of 2 L/min at 

200 °C for 2 h.

2.2  Material characterization
The nanostructures of the denitrided films were 

characterized by scanning electron microscopy (SEM) 

and transmission electron microscopy (TEM). To 

examine the topographic structures, planar views of the 

films were obtained using SEM (JSM-7100F, JEOL). 

SEM observations were performed at an accelerating 

voltage of 1.5 kV. A TEM (JEM-ARM300F, JEOL) 

microscope was used to confirm the L10-ordering 

using the fast Fourier transform (FFT) analysis of the 

TEM images, and the electron diffraction patterns 

were indexed to the known crystal structures using 

ReciPro 24). High-angle annular dark-field scanning 

TEM (HAADF-STEM) observations and energy 

dispersive X-ray spectroscopy (EDS) measurements 

were performed to confirm the composition of the 

local FeNi films. Before the TEM measurements, all 

TEM specimens in a cross-sectional geometry were 

2.  Experimental

prepared from the film samples using focused-ion-

beam (FIB) milling. All observations were performed 

at an accelerating voltage of 300 kV. 

The composition and crystal orientations of the FeNi 

and FeNi-nitride films were analyzed using out-of-

plane and in-plane X-ray diffractometry (XRD) using 

a SmartLab diffractometer (Rigaku Corp.) equipped 

with a Cu-Kα X-ray radiation source. The visualization 

for electronic and structural analysis (VESTA) was 

used to calculate the diffraction peak intensity from 

the crystal lattice parameters and to draw images of 

the atomic model 25). To measure the average thickness 

of the film, X-ray fluorescence spectroscopy (XRF) 

analysis was performed using M4 TORNADO 

(Bruker) assuming the film consists of L10-FeNi whose 

density is 8.2 g/cm3. The average thickness of the film 

obtained by XRF measurements was calibrated using 

the values of the continuous FeNi film determined 

by X-ray reflectivity (XRR) measurements and TEM 

observations in the cross-sectional direction. To 

estimate the L10-ordering of the films after NITE, 

they were subjected to in-plane XRD measurements 

on the BL13XU and BL46XU beamlines at the 

SPring-8 synchrotron radiation facility in Japan. An 

X-ray energy of 6.90 keV (close to the Fe K absorption 

edge) was employed in these experiments. 

The magnetization curves at 300 K were measured 

using a vibrating sample magnetometer (VSM) (TM-

VSM2614HGCKIT, Tamakawa Co., Ltd.) with a 

maximum magnetic field sweep of ±2230 kA/m. The 

magnetic field sweep rate was 8 kA/(m·s) (< 398 kA/m) 

and 16 kA/(m·s) (≥ 398 kA/m). Further, a magnetic 

property measurement system (MPMS3, Quantum 

Design Inc.) equipped with a superconducting magnet 

was used for magnetization curve measurements at 10 

K from −3980 to +3980 kA/m. The Ku values of the 

films were determined using a torque magnetometer 

under a 7162 kA/m in-plane field at 300 K using a 

torque-lever chip mounted on a rotator in a physical 

property measurement system (PPMS, Quantum 

Design Inc.).

The typical topographic structure of sample A after 

the denitriding process is shown in in Fig. 2(a). An 

island-shaped film with an average island size of 48 

± 12 nm is shown in the planar view of the SEM 

image, although some islands are partially connected 

to each other. From the SEM image, the coverage 

of FeNi is measured to be ~75%. Consequently, 

the average island thickness is estimated to be 16.5 

nm considering the average thickness of 12.4 nm 

measured via XRF analysis. Fig. 2(b) presents a cross-

sectional TEM image of sample A along the [11‾0] axis, 

revealing islands with a flattened granular structure 

and a maximum island thickness of ~20 nm. Fig. 2(c) 
shows an FFT image of the area enclosed by the dotted 

line on the left island in Fig. 2(b), and superlattice 

spots within the yellow dotted line can be clearly seen. 

The pattern matches the expected pattern of epitaxially 

grown L10-FeNi(110) on LAO(110) along the [001] 

axis, as reported by Uehara et al.8). Therefore, the 

formation of superlattice structures in the film was 

confirmed. The STEM/EDS images of the same area 

are shown in Fig. 2(d)‒(j). The composition in the 

squared area surrounded by the blue dashed line in 

Fig. 2(d) is Fe 49.2 ± 1.9 at%, Ni 49.3 ± 2.1 at%, La 

0.6 ± 0.3 at%, and Al 0.9 ± 0.4 at%, and those of N 

and O are below the detection limit of 0.1 at%. The 

nitrogen signal was at the background level, indicating 

that the denitriding process of the films were fully 

completed. Although a smaller amount of La and Al 

than that of FeNi (approximately 1 at%) was detected 

in the films, the degree of atomic diffusion to the L10-

FeNi islands from the LAO substrate was low, even 

considering possible contamination because of the 

FIB milling process to make a TEM specimen. An 

3.  Results and discussion

Fig. 1　 Fabrication of uniaxial L10-FeNi(110)/LAO(110)  films with island structures. The schematic shows the steps of 
depositing and forming the L10-FeNi(110) film on the LAO(110) substrate. The blue and black arrows indicate 
the [001] direction of each material



DENSO TECHNICAL REVIEW   Vol.29 2024

特
　
　
　
集

oxide layer with a thickness of approximately 2 nm 

was observed on the FeNi island surface because the 

sample was exposed to air after the denitriding process, 

as indicated by the red arrow in Fig. 2(h).
As shown in Fig. 3 ,  XRD measurements are 

conducted after the nitriding and denitriding of 

sample A to investigate the crystal orientations of the 

films over the whole sample area. In the XRD pattern 

of the sample after nitriding obtained in the out-

of-plane configuration (Fig. 3(a)), the peaks were 

observed at approximately 2θ = 66° and 70°, and 

these can be assigned to FeNiN 220 and LAO 220, 

respectively12) 26). The diffraction peak positions of both 

cubic Fe2Ni2N 220 and tetragonally ordered Fe2Ni2N 

220 overlap with those of LAO 22012)27). However, 

the existence or absence of ferromagnetic Fe2Ni2N 

phases can be identified based on the observation 

of the spontaneous magnetization because the 

FeNiN phase shows paramagnetism at 300 K12)13)27). 

A nitride film fabricated under the same nitriding 

conditions as sample A showed no spontaneous 

magnetization, as confirmed by a magneto-optical 

Kerr effect measurements, and therefore, sample A is 

not considered to contain any ferromagnetic Fe2Ni2N 

phases. 

Here, the epitaxial relationship between the FeNiN 

film and the LAO(110) substrate is discussed. There 

are two types of possible FeNiN variants, as illustrated 

in Fig. 4. Fig. 4 (a) shows the atomic structure 

model with the FeNiN(110) and FeNiN(101) planes. 

The two types of variants grow each direction. The 

FeNiN(110)-oriented variant shown in Fig. 4(b) 
exhibits the c-axis of FeNiN in the LAO(110) plane 

and uniaxial crystallinity. In contrast, the FeNiN(101)-

oriented variant shown in Fig. 4(c) has a c-axis 

tilted at 47.15° to the LAO(110) and two degrees 

Fig. 2　 Morphology and structure of sample A. (a) Planar-view SEM image of sample A, showing the island 
structures of L10-FeNi(110). (b) Cross-sectional TEM image of sample A along the [110] axis, showing the 
epitaxial relationship between L10-FeNi(110) and LAO(110). (c) FFT image of the squared area surrounded by 
white dashed line in (b)), showing the diffraction pattern of L10-FeNi(110). Inset shows the atomic structure 
model of L10-FeNi along the [110] axis, which is consistent with the FFT image. (d) Cross-sectional HAADF-
STEM image of the same islands in (b), showing the contrast between L10-FeNi and LAO. (e)‒(j) EDS maps 
for the same area as that in (d), showing the elemental distribution of Fe, Ni, N, O, Al, and La

Fig. 3　 Cu-Kα XRD patterns of sample A after nitriding and denitriding. (a) Out-of plane and (b) In-plane 
configurations along LAO(110) [001]; (c) In-plane along LAO(110) [110]. Peaks corresponding to L10-FeNi, 
FeNiN, and LAO are labeled

Fig. 4　 Crystallographic variants of FeNiN. (a) FeNiN atomic structure model, (b) FeNiN(110)-oriented variant, and (c) 
FeNiN(101)-oriented variant. The red dashed lines indicate the parallel plane to the LAO(110) substrate
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to be 96%, indicating that the c-axis of FeNiN was 

highly oriented along LAO(110)[001]. Despite the 

distinct lack of alignment in the island shape observed 

in the SEM image of Fig. 2(a), the epitaxial film 

growth was confirmed via XRD measurements. The 

obtained PN values for all films are summarized in 

Table 1. All samples show PN ≥ 90%, and therefore, 

the formation of FeNiN(110)-oriented variants on 

LAO(110) is favorable. Moreover, when comparing 

samples B and C with nearly identical thicknesses but 

subjected to varying durations of annealing at 375 °C 

in an ammonia gas atmosphere, it is evident that an 

increase in annealing time leads to an improvement 

in PN. This suggests that annealing at 375 °C in 

ammonia gas effectively reduces the volume fraction 

of FeNiN(101)-oriented variants. In the TEM image 

of sample A, the L10-FeNi (110)-oriented variant is 

mainly observed, whereas the L10-FeNi (101)-oriented 

variant is not clearly seen, probably due to the small 

volume fraction. Further observations are necessary to 

elucidate the growth mode of crystallographic variants 

and achieve the formation of a film comprising a 

single L10-FeNi (110)-oriented variant.

XRD measurements using anomalous X-ray diffraction 

near Fe K absorption edge were employed to evaluate 

the S values of the films. Fig. 5 shows the results of 

XRD measurements of the in-plane configuration 

of sample A. An L10-FeNi 001 peak was observed, 

confirming L10-ordering. S is calculated using 17)19)20)

(2)

where             and              are the integrated intensities

of the observed diffraction peaks for L10-FeNi

001 (superlattice) and L10-FeNi 002 (fundamental),

respectively. L10-FeNi 002 cannot be distinguished

from L10-FeNi 200 experimentally because the

difference of the diffraction peak positions in 2θ

between the L10-FeNi 002 and 200 is less than 0.01°

of freedom with respect to the c-axis. Therefore, the 

growth of FeNiN(110)-oriented variants is desirable 

for obtaining uniaxial crystallinity. In Fig. 3(a), it 
is difficult to confirm FeNiN(110)-oriented epitaxial 

growth without FeNiN(101)-oriented variants by 

using out-of-plane XRD measurements because the 

FeNiN 202 peak near 2θx = 69° is close to that of LAO 

220. In-plane XRD measurements were performed to 

estimate the orientation of growth and crystallographic 

variants. The results for the incident X-rays along the 

LAO(110) [001] and LAO(110) [11‾0] directions are 

shown in Fig. 3(b) and Fig. 3(c), respectively. In 

Fig. 3(b), the main peak after nitriding originates 

from FeNiN 002, indicating that the nitrided film 

includes FeNiN(110)-oriented variants (Fig. 4(b)), 
and the c-axis is parallel to LAO(110) [001]. In 

Fig. 3(b), a small fraction of FeNiN 200 is also 

observed. Considering that there are no detectable 

diffraction peaks except for FeNiN 220 and FeNiN 

202 in Fig. 3(c), the result indicates the formation 

of the FeNiN(101)-oriented variants (Fig. 4(c)). 
Assuming the topotactic denitriding process of the 

FeNiN(101)-oriented variants, L10-FeNi(101)-

oriented variants are formed, and the c-axis is tilted 

against the LAO(110) plane. 

The volume fraction of variants in the films were 

estimated quantitatively because the coexistence of 

variants with the intersecting c-axes results in the 

reduction of the macroscopic Ku
19). The volume 

fraction of the FeNiN(110)-oriented variants, PN, was 

evaluated using 

(1)

where               and                represent the integrated 

intensities of the observed diffraction peaks in the 2θx 

direction, whereas            and            represent the 

intensities calculated assuming that the orientation of 

the film is random. The PN of sample A was estimated 

Table 1　 Summary of average thickness, annealing time, P N, S  of samples A-C characterized by XRF and XRD 
measurements

Fig. 5　 XRD patterns along LAO [001](110) in sample A using synchrotron radiation (E = 6.90 keV, λ =0.1797 nm) 
in sample A. (a) Around the superlattice peak of L10-FeNi 001 and (b) around the peak of L10-FeNi 002. The 
peaks corresponding to L10-FeNi, FeNiN, and LAO are labeled

Fig. 6　 Magnetic properties of the fabricated L10-FeNi films. (a) Out-of-plane and in-plane magnetization curves 
of sample A at 300 K. (b) In-plane magnetization curves of sample A at 10 K. (c) Torque as a function of the 
angle in the film plane. (d) Plot of H c,1 vs. K u showing a linear relationship
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process 23). Further, the magnetization curve showed a 

two-step magnetization reversal along the LAO[001] 

in-plane direction. We presume that the magnetization 

reversal observed in the initial stage arises from the 

existence of a soft magnetic A1-FeNi component in a 

low S region and the surface oxide layer. The Hc values 

for the magnetic field along the LAO[11‾0] in-plane 

(Hc, 2) and out-of-plane directions were 63 and 53 kA/

m, respectively, confirming the presence of magnetic 

anisotropy. Fig. 6(b) shows the magnetization curves 

measured at 10 K. As a result of a reduction in thermal 

fluctuations, the Hc,1 value increased to 358 kA/m.

In-plane magnetic torque measurements at 300 K 

were performed to evaluate the Ku values of the films. 

Fig. 6(c) shows the torque per unit of volume (L) of 

the samples A-C as a function of the angle θL between 

the external magnetic field and the easy magnetization 

axis, assuming a uniaxial magnetic anisotropy. The 

magnetic anisotropy energy (Ea) is given by Ea
~ 

Kusin
2θL 

28)29) and the L(θL) value is given using 

(4)

The experimental torque data fit the sinusoidal 

function given by Eq. (4) well, indicating a uniaxial 

magnetic anisotropy of the film. From the fitting, the 

Ku value of sample A is estimated to be 0.63 ± 0.07 

MJ/m3. This value is reasonable because it is close to 

the theoretically predicted value (Ku = 0.58-0.7 at S 

= 0.75)30)31). The same analyses were performed for 

samples B and C, and the results are summarized in 

Table 2.

The Hc, 1 versus Ku plot of the samples A-C is shown 

in Fig. 5(d) to investigate the relationship between 

these two parameters. Here, Hc was calculated from Ku 

using 28)32)

(5)

(see Fig. 5(b)). Thus, assuming topotactic nitrogen

extraction from the FeNiN(110)- and FeNiN(101)

-oriented variants,          was estimated from

the experimentally measured integrated intensity

                     using 

(3)

For sample A, S was found to be 0.74 using Eq. 

(3), which is higher than that of a continuous L10-

FeNi(110)/LAO(110) film (S = 0.60) 20). These results 

are attributed to the subsequent high-temperature 

annealing process. Table 1 lists the estimated S 

values for samples B and C as reference values. 

Nitrogen residue on the islands were also detected 

by EDS analysis in sample B, and the S value was 

slightly overestimated because we did not consider 

the contributions from the Fe2Ni2N phases that 

overlapped with those of LAO 200 in the calculation 

of             . However, assuming a fixed nitrogen 

residue under the same denitriding condition, the S 

values of the films were improved by the annealing 

process.

The magnetic properties of these almost variant-free 

and highly oriented L10-FeNi films are discussed. 

Fig. 6(a) shows the magnetization curves of sample 

A at 300 K. The magnetic field was applied along the 

LAO[001] in-plane direction, which is parallel to the 

easy magnetization axis (c-axis) of L10-FeNi(110)/

LAO(110). The Hc value in this direction (Hc,1) is 

319 kA/m, which is higher than that of as-deposited 

sample A before the NITE process (37 kA/m), as listed 

in Table 2, and the reported randomly oriented L10-

FeNi film (159 kA/m) 23). The improvement in S after 

the NITE process, as well as the resulting uniaxial 

orientation, led to a large Hc,1. The slight reduction 

in saturation magnetization (Ms) after NITE resulted 

from the formation of the oxide layer, which was 

generated by exposure to air after the denitriding 

Table 2　 M s, H c, and K u of the samples A‒C measured at 300 K. H c,1 and H c,2 denote the coercivities along the 
LAO[001] and LAO[11‾0] in-plane directions, respectively. As references, the results for as-deposited 
samples of A and B are also shown

where  μ 0,  α ,  and N e f f represent  the  vacuum 

permeability, Kronmüller factor, and effective 

demagnetization factor, respectively. The first and 

second terms in the right side of Eq. (5) relate to an 

anisotropy and demagnetization fields, respectively. 

The value of α depends on the density of defects and 

inhomogeneous nanostructures that act as nucleation 

points of magnetization reversal in the material. If 

ideal SW-type particles are achieved, α is equal to 

121). A linear fitting for the plot in Fig. 5(d) was 

performed using Eq. (5) with the average Ms (1070 

kA/m) of samples A-C, giving α = 0.34 and Neff 

= 0.01. This α is lower than that expected for SW-

type particles, and the reduction can be attributed 

to imperfections in the island structures and surface 

oxide layers because it has been reported that α ranges 

from 0.2 to 0.4 for practical magnetic materials 32). 

When Neff is zero in continuous films parallel to the 

plane direction [28], the small Neff implies that the 

films are nearly continuous because the flat islands 

are partially connected and/or magnetically interacted 

because of the narrow gaps between them. To improve 

Hc values further, precise morphological control such 

as by using lithography is required to form isolated 

islands. For thick films (e.g., sample B), a reduction 

in Ku was observed despite the high S. The possible 

reasons are the presence of a small amount of soft 

magnetic nitrogen residues 23), as well as the influence 

of grain boundaries and anti-phase boundaries 20). It 

is necessary to clarify the origin of the reduction and 

take measures to minimize them for improving the Ku 

values further.

L10-FeNi thin films with island structures showing 

uniaxial magnetic anisotropy were prepared by 

sputter depositing FeNi thin films onto LAO(110) 

substrates and applying NITE. The film with an S 

of 0.74 exhibited magnetic properties with uniaxial 

orientation in the film plane, yielding a Ku of 0.63 

MJ/m3 at 300 K, and Hc of 319 and 358 kA/m at 

300 and 10 K, respectively, which is the highest Hc 

of an artificial L10-FeNi system reported to date. 

The highest Hc value is primarily responsible for the 

uniaxial orientation in the L10-FeNi film with an 

island structure that can be considered as the SW-

type particles. To increase Hc and Ku values further, 

it is necessary to control the morphology of the films 

and to elucidate the relationship between the magnetic 

properties and local microstructures such as soft 

magnetic nitrogen residues, grain boundaries, and 

anti-phase boundaries.

4.  CONCLUSIONS
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