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Abstract FexPt100-x (70.1 B x B 83.4) thin films with

ordered Fe3Pt phase were grown successfully onto

MgO(110) substrates by electron beam evaporation. The

unit cell of ordered Fe3Pt phase is elongated along c-axis

direction and the thin films become more chemically ordered

with decreasing Fe content. The magnetization of thin films

shows a decrease when Fe content is around 79 at.%. The

relationship between magnetic anisotropy and structural

parameters suggests that the change of magnetic anisotropy

in ordered Fe3Pt thin films with different compositions most

likely stems from the magnetocrystalline origin.

Introduction

Fe–Pt alloy systems have drawn much attention due to their

interesting properties and potential applications in perma-

nent magnets and recording media [1–9]. Binary Fe–Pt

alloys have several ordered phases: cubic Cu3Au (L12)

structure for Fe3Pt and FePt3 and CuAu (L10) structure for

FePt. The equiatomic FePt may form chemically ordered

compounds of tetragonal L10 phase which possesses a

modulate structure consisting of pure Fe and Pt planes

stacked alternately along the tetragonal c- (easy) axis, thus

resulting in an extremely high uniaxial magnetic anisotropy

energy (Ku *107 J/m3) [1]. It was reported that Fe3Pt

alloys exhibit many interesting properties such as invar

effect, large magneto-volume effect, and shape memory

effect [6–9]. On the other hand, in bulk Fe3Pt alloy, it is

known that it exhibits small magnetic anisotropy in both

ordered and disordered phases because of cubic crystal

symmetry. However, theoretical band structure calculation

revealed a strong hybridization of an ordered Fe3Pt

between Fe and Pt d state [2, 3] and recently, it was pre-

dicted that Fe3Pt alloy thin films could possess a large

in-plane magnetic anisotropy in deforming fcc to fct or

m-DO19 phase [4]. Experimentally, it was observed that the

‘‘quasi’’ L12 ordered phase of Fe3Pt alloy thin films

deposited onto MgO(100), (111) single crystal substrates

exhibits giant in-plane cubic magnetic anisotropy constants

(K1 = -4 9 107, K2 = 29106 J/m3) at room temperature

[5]. For the epitaxial L12-ordered Fe3Pt thin films, the

magnetic properties (especially magnetocrystalline anisot-

ropy) and the order parameter, i.e., the volume average

fraction of atoms on the correct lattice sites, have been

determined as a function of substrate temperature and

substrate type [5]. However, since the ordering character-

istics and the magnetic properties for nonequiatomic

composition are different from those for the equiatomic

composition, it is of interest to investigate the crystallo-

graphic structure and the resultant magnetic properties as a

function of alloy composition. In this study, we systemat-

ically investigate the compositional dependence on the

structure and magnetic properties in Fe3Pt thin films which

is fabricated onto MgO(110) single crystal substrates for

the first time. For the Fe3Pt alloy thin films grown onto

MgO(110) single crystal substrate, the magnetic anisot-

ropy, K1 and K2, can be obtained at the same time while for

the thin films grown onto MgO(100), only K1 can be

obtained and only K2 can be got for the case of MgO(111)

substrate. In addition, the MgO(110) single crystal sub-

strate is chosen in current experiment since we can get the

knowledge of magnetic anisotropy of Fe3Pt alloy thin films

with different orientation.
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Experimental

The FexPt1002x thin films with Fe content from around

70–85 at.% were fabricated by electron beam evaporation

onto MgO(110) single crystal substrates using Fe and Pt

elemental targets. The base pressure of the deposition

system is around 1 9 10-8 Torr. Before deposition, the

substrate was cleaned in acetone by using ultrasonic clea-

ner for 20 min. The substrate deposition temperature was

kept at 550 �C. The deposition rate of thin films is around

0.05 nm/s and the film thickness is about 50 nm. The

composition of thin film was analyzed by Shimazu energy

dispersive X-ray EDX-700 spectrometer (taking an average

of 10 measurements). The structural analysis was per-

formed using a Rigaku high-power X-ray diffraction

(XRD) using Cu-Ka radiation (k = 0.154056 nm). Mag-

netic properties were measured by a high sensitive vibrat-

ing sample magnetometer (Toyo Co.) and the magnetic

anisotropy constants were measured by torque magne-

tometer (Toyo Co.).

Results and discussions

Crystallographic structure

Figure 1 shows the schematic diagram of crystallographic

structure of ordered Fe3Pt phase and the epitaxial rela-

tionship between Fe3Pt thin film and MgO(110) single

crystal substrate, which was obtained from XRD / scan.

The lattice mismatch between ordered Fe3Pt phase

(0.374 nm) and MgO(110) substrate (0.423 nm) is about

11%. Figure 2 shows the XRD patterns of FexPt1002x thin

films with Fe content from around 70–85 at.% on

MgO(110) single crystal substrates. The superlattice peak

of (011) of ordered Fe3Pt phase is observed over a range of

70.1–83.4 at.%. This result indicates that FexPt1002x thin

films with ordered Fe3Pt phase were grown successfully

onto MgO(110) substrates at substrate temperature 550 �C.

When Fe content is larger than 83.4 at.% (e.g., 85 at.%),

the structure is disordered and there is no signal of the

formation of ordered Fe3Pt phase. The peak at around 80�
in thin films with Fe content larger than 83.4 at.% is con-

tributed by bcc Fe solid solution and the other peaks come

from the MgO substrate. In order to determine the in-plane

lattice constant, the / scan analysis was performed by

XRD. The / scan result (which was not shown here)

indicates that the FexPt1002x samples have 2-fold symmetry

when 70.1 B x B 83.4 and the [011] unit-cell axis of

ordered Fe3Pt phase is perpendicular to the film plane,

which agrees well with the epitaxial relationship between

Fe3Pt thin film and MgO(110) single crystal substrate

shown in Fig. 1b. According to the XRD analysis, the

Fe3Pt thin films were epitaxially grown onto MgO(110)

substrates.

Figure 3 shows the changes of lattice constants a and

c of ordered Fe3Pt phase as a function of Fe content in

FexPt1002x thin films. With increasing Fe content, lattice

constant c decreases while a increases. The lattice constant

a varies in the range of 0.374–0.376 nm while the lattice

constant c (or b) varies in the range of 0.369–0.381 nm.

The obtained lattice constants of Fe3Pt thin films grown

onto MgO substrates are comparable to the bulk lattice

constant value (0.374 nm) [10]. It can be seen that the

c decreases a lot comparing to the small increase of the a in

this composition range. The c/a ratio is shown in Fig. 4 as a

function of Fe composition. It is clearly seen that c/a ratio

is increased with decreasing Fe content. This means that

Fig. 1 Schematic diagram of a crystallographic structure of ordered

Fe3Pt phase and b epitaxial relationship between Fe3Pt thin film and

MgO(110) single crystal substrate

Fig. 2 XRD patterns of FexPt1002x thin films with x from around

70–85 at.%
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when Pt content increases, the Fe3Pt unit cell is mainly

expanded in c-axis direction while there is a small

shrinking in a-axis direction.

Magnetic properties

The evolution of magnetic properties resulting from the

Fe3Pt thin films with different Fe contents can be best

followed by an examination of the hysteresis loops

(M–H curves). The typical M–H curves in both [100] and

[011] directions for Fe3Pt thin films with different Fe

contents are shown in Fig. 5a and d. When Fe content is

less than 77 at.%, the squareness (Mr/Ms) (S100) in [100]

direction is much larger than the squareness (S011) in [011]

direction, which indicates that the magnetic anisotropy

along [100] direction in the ordered Fe3Pt thin films was

achieved. While S100 is almost the same value as S011 for

the Fe3Pt films with Fe content from 79 to 83.4 at.%. The

coercivity fields of the Fe83.4Pt16.6 thin film in both [100]

and [011] directions are less than 0.04 T (= 400 Oersted),

indicating that the film is dominated by disordered fcc

phase. With decreasing Fe contents, the coercivity fields

along [100] direction increases from several hundred

Oersted to several thousand Oersted while the change of

coercivity fields along [011] direction is not very signifi-

cant. The increase of coercivity fields along [100] direction

is mainly due to the higher chemical ordering in Fe3Pt thin

films with decreasing Fe content. The square M–H curves

obtained from these thin films with less Fe contents exhibit

an initially sharp reversal, indicative of a nucleation barrier

for the formation of the oppositely magnetized domains.

For samples with Fe content higher than 79 at.%, the

nucleation of the negatively (or oppositely) magnetized

domain occurs before the external positive field is reduced

to zero, because of the demagnetization field of the sample

in the [100] direction. For films with Fe content less than

77 at.%, a higher nucleation barrier is present and the

nucleation is delayed until the external field has reached

zero and become negative, and is now aiding the sample’s

demagnetization field.

Figure 6a shows the saturated magnetization, Ms, which

changes with Fe content. With increasing Fe content, Ms

increases. But there is a negative peak when Fe content is

around 79 at.%. This sharp drop in saturation magnetiza-

tion is known to occur within a narrow range of the Fe–Pt

alloy composition of nearly Invar composition (25 at.% Pt)

[11, 12]. So far the nature of this phenomenon has not been

entirely clarified. It is shown that the disordered fcc

structure could be in two spin (ferromagnetic and para-

magnetic) states whereas the ordered structure has only a

ferromagnetic state. [13] The availability of the paramag-

netic state in the disordered structure may possibly sug-

gest an explanation of the above phenomenon for slight

excess of Fe content with respect to stoichiometry Pt 25%

Fe 75%. Or simply it is because of an Invar behavior.

The in-plane magnetic anisotropy constants, K1 and K2, of

Fe3Pt alloy thin films are estimated by using LðhÞ ¼
1
4

K1 þ 1
64

K2

� �
sin 2hþ 3

8
K1 þ 1

16
K2

� �
sin 4h� 3

64
K2 sin 6h

(where L is torque and h is the angle between applied

magnetic field and the easy axis in the basal plane) based

on the two-fold torque curves measured from the films and

the relationship between K1/K2 and the film composition is

shown in Fig. 6b. The values of K1 (positive) and K2

(negative) are found to be increased with decreasing Fe

content and tend to be saturated when Fe content is less

than 75.4 at.%. The saturated K1 and K2 values of the Fe3Pt

Fig. 3 Changes of lattice constants a and c as a function of Fe

contents in ordered Fe3Pt thin films

Fig. 4 Lattice constant ratio c/a of Fe3Pt alloy thin films as a function

of Fe composition
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alloy thin films are around 8.2 9 105 and 1.4 9 106 J/m3,

respectively. These values of K1 and K2 are much larger than

the values of bulk Fe, Ni and comparable to Co [14–16].

Comparing Figs. 4 and 6b), it is observed obviously that the

trend of the variation of K1 and K2 with Fe composition is

similar with the variation c/a. Figure 7a and b shows the

relationships between magnetic anisotropy and lattice con-

stant ratio c/a and the intensity ratio of the (011) and (022)

Fig. 5 Typical M–H curves in

both [100] and [011] directions

for Fe3Pt thin films with

different Fe contents

Fig. 6 a Saturated

magnetization Ms and

b magnetic anisotropy constants

K1 and K2 as a function of Fe

contents in ordered Fe3Pt thin

films

Fig. 7 Relationship between

magnetic anisotropy and

a lattice constant ratio c/a;

b intensity ratio I011/I022 of

(011) and (022) peaks
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peaks of Fe3Pt phase, respectively. As can be seen from

Fig. 7, magnetic anisotropy, K1 and K2, increase with

increasing c/a ratio and intensity ratio. This close relation-

ship suggests that the magnetocrystalline anisotropy should

be one of the origins of the magnetic anisotropy of the

ordered Fe3Pt alloy thin films. As discussed in Ref. [17],

stress-induced magnetic anisotropy is unlikely playing the

role of the origin of magnetic anisotropy. Therefore, it

might be concluded that the change of magnetic anisotropy

in ordered Fe3Pt thin films with different compositions

mainly stems from the magnetocrystalline origin.

Conclusions

The FexPt1002x (70.1 B x B 83.4) thin films with ordered

Fe3Pt phase were grown successfully onto MgO(110)

substrates by e-beam co-evaporation technique. The unit

cell of ordered Fe3Pt phase is elongated along c-axis

direction with decreasing Fe content. The magnetization of

thin films shows a negative peak behavior when Fe content

is around 79 at.%, which may possibly be due to the

availability of the paramagnetic state in the disordered

structure or simply because of an Invar behavior. Large in-

plane ([100] direction) magnetic anisotropy constants K1

and K2 (in the order of 106 J/m3) was obtained when Fe

content is around 70–75 at.%. The relationship between

magnetic anisotropy and structural parameters suggests

that the change of magnetic anisotropy in ordered Fe3Pt

thin films with different compositions most likely stems

from the magnetocrystalline origin.
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