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We investigated the thickness and composition dependence of perpendicular magnetic anisotropy

(PMA) in L10 Fe1�xPtx (x¼ 0.4, 0.5, and 0.55) films. The FePt films with different thicknesses of 35

and 70 Å were grown at the substrate temperature Ts¼ 300 �C by molecular beam epitaxy

coevaporation technique. A (001)-oriented epitaxial L10 FePt film was grown on the thin (001)-

oriented fcc Pt layer, while a poorly crystallized FePt film was formed on the (111)-textured Pt layer.

Our results showed that, at a fixed thickness of 70 Å, the PMA of FePt alloy films is enhanced as Pt

content increases from 40% to 55%. VC 2011 American Institute of Physics. [doi:10.1063/1.3562506]

Since the large uniaxial magnetocrystalline anisotopy of

L10-ordered FePt alloys allows the perpendicular magnetiza-

tion in the thin film geometry, these alloys have been exten-

sively studied for applications of the terabit-range high-

density magnetic recording media.1,2 However, a high T pro-

cess required to form the L10-ordered structure is a disadvant-

age for practical application because high temperature

durable materials for hard disk drives have yet to be discov-

ered. In order to improve upon the high T process, i.e., depo-

sition on a heated substrate and postannealing above 500 �C,

several endeavors on the low T deposition of FePt were

made. Rapid thermal annealing of disordered FePt films de-

posited directly on glass at room temperature (RT) was inves-

tigated,3 but a strong in-plane contribution was reported.

Influences of the buffer layers4,5 and off-stoichiometry6 on

the PMA in FePt films sputter deposited at reduced tempera-

tures also have been explored as alternatives. For the Pt-rich

compounds, the PMA was obtained even in the case of the

Ts¼ 300 �C, which is rather irrelevant to the buffer layers,

such as Au, Pt, and PtAu, whereas the L10 phase with PMA

in the Fe-rich compounds has been observed only for the film

with an Au buffer layer.

Our aim was to study the optimum growth condition and

composition for low-T fabrication of highly ordered L10-FePt

(001) films. We investigated the relation between the appear-

ance of PMA and the L10 (001) texture of the FePt thin films

as a function of film thickness and Pt compositions.

Thin films of Fe1�xPtx (x¼ 0.4, 0.5, and 0.55) were

grown by coevaporation of Fe and Pt under UHV condi-

tions. During the deposition, the film composition and uni-

formity were controlled to better than 61.0 % by two

independent quartz crystal rate monitors located inside the

MBE chamber and by keeping the low deposition rate,

�0.03–0.05 Å/s. Fe–Pt films of 35–70 Å thickness were de-

posited at Ts¼ 250 and 300 �C beyond the epitaxial Pt/

MgO(001) buffer layer grown on chemically etched Si(100)

substrates. During the deposition the pressure was kept

below 5� 10�9 Torr. Ts of the 50- to 100-Å-thick MgO was

optimized at 200 �C. An Fe seed layer of 10 Å and subse-

quently a Pt buffer layer of 100 (or 50) Å were deposited at

70 �C. After codeposition of Fe and Pt, the samples were

followed by in situ annealing at 300 �C for 1 h. Then, 30-Å-

thick Al2O3 film was deposited as a capping layer. The

detailed descriptions of samples are given in Table I.

Structural characterizations of the films were performed

by XRD with Cu-Ka radiation and a graphite monochroma-

tor. TEM specimen from selected FePt samples was prepared

in cross section. A JEOL 2200FS microscope operating at

200 kV was used to observe the crystal structure of these

films. The magnetic properties were measured at RT by a

vibrating sample magnetometer.

Figure 1 corresponds to a representative texture analysis

using dark field imaging for the Fe0.5Pt0.5 films grown at

250 �C. The bright field image in Fig. 1(a) shows, from bot-

tom to top, the Si substrate, the 5-nm-thick MgO buffer layer

(note that this layer is well crystallized but some layer rough-

ness is observable), and the metallic epilayer. The small dif-

ferences in lattice parameter and absorption coefficient do

not allow a clear distinction between the 10 nm Pt layer and

the 5 nm of FePt that were deposited on top. Dark field

images were obtained by using the diffraction spots indicated

in the selected area diffraction pattern in the inset of Fig.

1(a). The MgO layer [Fig. 1(b)], although consisting of sev-

eral lateral grains, always adopts the [002] growth direction.

On the other hand, the metallic layers show strong (002) tex-

ture [Fig. 1(d)] associated with a wide lateral grain size, but

separated by narrow columnar grains with a (111) orienta-

tion, which are slightly inclined to the growth direction. One

of the main results that should be underlined here is that the

microstructure of the FePt deposited layer follows exactly

the one of the Pt buffer layer, which, in turn, makes it impos-

sible to distinguish those two layers; that means that, for thea)Electronic mail: taehee@ewha.ac.kr.
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epitaxial growth, the important interface is actually Pt-on-

MgO, and that interface is the one guiding the orientation

distribution in the Pt layer. These TEM observations

prompted us to improve further the microstructure at the

interfaces between MgO/Pt and Pt/FePt by increasing Ts

from 250 to 300 �C during the growth of the FePt films.

XRD patterns for the Fe0.5Pt0.5 films grown on a Pt/

MgO(001) buffer are shown in Fig. 2(a) as follows: (1) film

grown without a Fe seed layer, (2) film grown on the 100-Å-

thick Pt with a Fe seed layer, and (3) film grown under the

same conditions as case 2, except for the Pt thickness being

reduced to 50 Å. The pattern from sample 1 shows that with-

out a Fe seed layer, a poorly crystallized FePt film is formed

on (111)-textured Pt layer. On the other hand, when initiating

the growth with a Fe seed layer, the Pt buffer is strongly (001)

textured, and consequently the FePt films are also predomi-

nantly (001) textured. Mainly the (002) FePt diffraction peak

is observed, but a weak contribution from (200) oriented

grains can also be detected, as shown in Fig. 2(b). The FePt

(001) superlattice peak, associated with the L10-ordered struc-

ture, is mostly visible in Fig. 2(a) for sample 3; and the super-

lattice peak position appears quite close to the position

expected from the reference data. This good agreement sup-

ports the fact that the FePt phase deposited under these condi-

tions is stoichiometric.

The order parameter7 s was calculated as the ratio of the

total intensities of the superlattice (001) to the fundamental

(002) FePt peaks. As can be seen in Fig. 2(b), a fitting of the

overlapping Pt (002), FePt (200), and FePt (002) peaks was

necessary in order to obtain the relevant FePt (002) inte-

grated intensity. In the case of sample 3, the calculation

gives a value s¼ 0.6 6 0.15, the relatively large error being

linked to the above-mentioned fitting procedure. Calculated

values for other samples with a thin Pt buffer layer would

actually point to a higher value of s. However, for the whole

series of samples, the intrinsic peak broadening due to the

very small thickness of the FePt layer, associated with an

unfavorable thickness ratio to the Pt buffer layer, leads to an

overlapping of the buffer and the FePt film signals, thus pre-

venting a very accurate quantification Thus, the XRD-based

determination of the s unreliable.

As for the slightly low value of s¼ 0.6 6 0.15, this result

can be simply related to the low temperature employed dur-

ing film growth. As a matter of fact, the s is known to

increase with higher Ts; therefore, in this study the choice of

low Ts was put forward at the expense of the s.

Figure 3 shows the change in magnetic anisotropy (MA)

as a function of the FePt thickness: the normalized magnet-

ization (M) curves measured at RT for film thickness of 35

and 70 Å are shown in Figs. 3(a) and 3(b), respectively. The

M–H loops in Fig. 3(b) correspond to sample 3. The easy M
axis is in a direction perpendicular to the film plane for sam-

ple 3. This is quite consistent with the XRD patterns shown

in Fig. 2, where the (001) superlattice peak is clearly

observed in sample 3. However, for the 35-Å-thick films

TABLE I. Sample description.

Substrate and layers

1 Si(100)\80 Å MgO\100 Å Pt\70 Å Fe0.5Pt0.5\30 Å Al2O3

2 Si(100)\80 Å MgO\10 Å Fe \100 Å Pt\70 Å Fe0.5Pt0.5\30 Å Al2O3

3 Si(100)\80 Å MgO\10 Å Fe \50 Å Pt\70 Å Fe0.5Pt0.5\30 Å Al2O3

4 Si(100)\80 Å MgO\10 Å Fe \50 Å Pt\35 Å Fe0.5Pt0.5\30 Å Al2O3

5 Si(100)\50 Å MgO\10 Å Fe \100 Å Pt\55 Å Fe0.5Pt0.5\30 Å Al2O3

6 Si(100)\80 Å MgO\10 Å Fe \50 Å Pt\70 Å Fe0.6Pt0.4\30 Å Al2O3

7 Si(100)\80 Å MgO\10 Å Fe \50 Å Pt\70 Å Fe0.45Pt0.55\30 Å Al2O3

FIG. 1. Dark field imaging used for texture characterization: (a) Bright field

image and corresponding selected area diffraction pattern in the inset, (b)

002-oriented MgO buffer layer, (c) small 111-oriented grains in the metallic

(PtþFePt) layer, and (d) wide grains with the preponderant 002 orientation

in the Pt and FePt layers.

FIG. 2. (Color online) X-ray diffraction h–2h scans around (a) 20�–52� and

(b) 42�–52� with Cu Ka radiation for samples 1, 2, and 3: see Table I. In order

to form the fct-FePt structure 10 nm MgO/1 nm Fe/5–10 nm Pt multilayer

was deposited as a buffer; the dashed lines represent FePt peak positions from

the powder diffraction file and solid lines represent the Gaussian fitting.
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(sample 4) we observed an isotropic M in both H\ and H//

directions. These results show that the easy M axis perpen-

dicular to the film plane could result from the formation of

the L10-ordered structure with a strong [002] texture. How-

ever a low squareness ratio of M–H loop (Mr/Ms) is obtained;

the ratios Mr/Ms with H\ and H// are 0.4 and 0.2, respec-

tively. This could be attributed to an incomplete formation

of L10 phase ordering in the FePt film.

The normalized M curves measured at RT for different

FePt composition are summarized in Fig. 4. For the Fe0.5Pt0.5

grown at 250 �C the M–H loops indicate the presence of non-

negligible in-plane easy axis MA with predominant PMA.

This is consistent with the TEM results (see Fig. 1), showing

the existence of FePt (001) and (111) textures. The M–H
loops for the Fe1�xPtx films grown at 300 �C and correspond-

ing to x¼ 0.4 and 0.55 are shown in Figs. 4(b) and 4(c),

respectively. The easy M axis perpendicular to the film plane

occurs in samples 3, 5, 6, and 7 (see Table I), as shown in

Fig. 3(b) and Fig. 4. It can be seen that perpendicular coerciv-

ity fields are roughly similar (Hc¼�2–3 kOe) for the sam-

ples, but the perpendicular Mr/Ms is considerably different.

The ratios of the perpendicular to the in-plane remanence for

samples 3, 5, 6, and 7 are 1.45, 1.17, 2.47, and 2.53, respec-

tively. This is quite consistent with the strengthening of the

[002] texture with increasing Ts found by the XRD. The rela-

tively enhanced PMA that occurs with increasing Pt content

is also worth mentioning.

Since, for a fixed thickness of 70 Å, the lattice mis-

match between Pt and FePt layers becomes smaller with

increasing Pt content, a strain-free pseudomorphic growth

could be possible. Moreover, the large spin-orbit coupling

could be of importance in the Pt-rich compounds; therefore,

the observed PMA could be attributed to the inversed SRT

resulting from the change in magnetic energy at the inter-

face between Pt/FePt with varying FePt composition as well

as film thickness.

As is well known, nucleation of reverse domains is most

likely at chemical or physical defects where the crystal ani-

sotropy is lowered, thus the low values of Hc (2� 3 kOe) in

our FePt films could be related to the slightly low value of s
(0.6 6 0.15).8–10 One might expect to observe an extremely

high coercivity for highly ordered films. However, the earlier

studies have also reported that the highest MA does not

always correspond to the highest-s.8

In this work, we report the composition and thickness de-

pendence of PMA in the epitaxial Fe1�xPtx thin films, param-

eters directly related to the film growth. The optimum growth

conditions for low T process were investigated in order to

achieve a high L10- ordered phase by using an appropriate

buffer layer. However, additional work is planned in order to

improve optimization and to enlighten the relation between

PMA and spin reorientation transition in this system.
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FIG. 3. Normalized magnetization curves measured at room temperature for

(a) sample 4 and (b) sample 3. The magnetic field is applied in the perpen-

dicular direction to the film (open circles, H\) and in the in-plane direction

(closed circles, H//).

FIG. 4. Normalized magnetization curves measured at room temperature for

(a) sample 5, (b) sample 6, and (c) sample 7. The magnetic field is applied in

the perpendicular direction to the film (open circles) and in the in-plane

direction (closed circles).
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