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Low-temperature fabrication of L1 , ordered FePt alloy by alternate
monatomic layer deposition
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L1, ordered FePt alloy films with large magnetic anisotropy have been successfully prepared by
alternating FED01) and Pt001) monatomic layers on Mg@001) substrates at low temperatures
below 230 °C. In addition to the fundament@lD2) peak,(001) and (003 superlattice peaks have
clearly been observed in the x-ray diffraction patterns for all the samples, indicating the formation
of L1, ordered structure. The magnetization measurements show that all the samples are
perpendicularly magnetized. Large uniaxial magnetic anisotréfy=(3.0x 10’ erg/cc) and high
chemical ordering(long-range order paramete&8=0.7+0.1) have been obtained even at the
substrate temperatur€s=200°C. The magnetization curves show good magnetic squareness
(Mr/Ms~0.9) for the samples grown dt;=160°C. © 2002 American Institute of Physics.
[DOI: 10.1063/1.1432446

L1, ordered FePt alloy with large magnetic anisotrbpy comparison with the value measured using another tungsten-
has attracted much attention in recent years, since it is ehenium thermocouple wrapped up in a copper foil, which
potential material for extensive applications such as ultrahighvas contacted directly on a MgO substrate. The repetition of
density recording media and bias magnets in monolithic miboth Fe and Pt layers was 50 times. The typical deposition
crowave integrated circuits. A lot of studies were reported forate was 0.1 A/s. The thickness was controlled based on the
Fe—Pt alloy films obtained by conventional deposition techvalues monitored by a quartz crystal oscillator. The calibra-
niques such as sputtering and molecular beam epftaxy.  tion of the oscillator was carefully made by the observation
is well known, however, that the substrate temperature durof reflection high-energy electron diffractioiRHEED) in-
ing deposition and/or the post annealing temperature are réensity oscillations for Fe on Fe and Pt on Pt before the
quired to be highiusually more than 500 9Cfor the prepa- preparation of multilayer films. X-ray diffraction with Gux
ration of highly ordered FePt alloy films. For practical use, itradiation was performed for structural characterization. Mag-
is essential to reduce the growth temperature. Recently, se(etic properties were measured by a superconducting quan-
eral works on lowering of the ordering temperature weretum interference devic€SQUID) magnetometer in the field
reported by multilayerir® or ion irradiation’® However, UP to 5.5 T at room temperature, and the uniaxial magnetic
the temperatures necessary for high chemical order were stfnisotropy was determined from the area enclosed between
quite high (~300°Q. In previous papers, we reported the the magnetization curves in applied f|elds_ parallg] ) a_n_d
artificial fabrication of ordered alloys by alternate mon- Perpendicularki,) to the film plane. The film composition
atomic layer depositioh~3 For example, the LJ ordered ~ WasS determined by Rutherford backscatterlng_spec'.[rome_try
structure consists of alternating monatomic layers of two dif(RBS and all the samples showed the equiatomic ratio

ferent metal elements, and consequently, bidered FeAau Within the accuracy ot-3 at. %. _
alloy that does not exist in thermal equilibrium was success- | "€ epitaxial growth of Fe and Pt layers was confirmed

fully produced by alternating k@01 and Au001) mon- by RHEED. The RHEED patterns for the uppermost Pt layer

atomic layers? In this paper, it is proposed that the aIternateOI]a Fe(_l I\gl__)/Plt(lTl\élL) rr?ultilayer Tm grown at f2_00 "Cis |
monatomic layer deposition of Fe and Pt should be one opown in Fg. 1. 1he s arp'str.ea pattern con ms a reta-
powerful methods for preparing lsJordered FePt alloy films tively flat film surface and epitaxial growth. X-ray diffraction
at reduced temperatures patterns for FEL ML)/Pt(1 ML) multilayer films grown at
Fe(1 ML)/Pt(1 ML) (ML: monatomic layer multilayer 120°C, 160°C, 200°C, and 230°C are shown in Fids),2

films were prepared using an UHV deposition system With(b)' (c), and(d), respectively. In additi_on to the fundamental
two independene-guns. An Fe seed layer of 10 A was de- (002) peak, (001) and (003 superlatiice peaks of the face

posited on a MgQ001) substrate, and consecutively an ep- centered tetragonal phase have clearly been observed for all

o the samples, indicating the formation of . brdered struc-
itaxial P1{001) buffer layer of 400 A was grown at 70°C.
Monatomic layers of Fé1.4 A) and Pt(2.0 A) were depos- ture. No peaks from the other planes ofjldrdered structure

ited alt telv at vari bstrate t wies i th are seen. The sharp and intense superlattice peaks are ob-
ited alternately at various substrate temperatulig} {n the served forT,=230°C. However, the intensities of superlat-
range of 120—230°C. The substrate temperature was me

, Cce peaks decrease with decreasiing indicating the reduc-
sured by a tungsten-rhenium thermocouple on the back si nin the degree of chemical ordering.
of the substrate holder. It was, in advance, calibrated by the Integration of the FePt (@0 (L=1, 2, 3, and % peak

areas Yyields a one-dimensional chemical ordering parameter
dCorresponding author: shima@imr.tohoku.ac.jp Swhich can be defined as
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FIG. 1. The RHEED patter(j100] azimuth of the uppermost Pt layer for a
Fe (1 ML)/Pt (1 ML) multilayer film grown at 200 °C.

[I supel“fund]obs
=1 -
[I supet/I fund]calc

Herel g andlgoerare the intensities of fundamental peaks
and superlattice peaks, respectively. Calculated intensities of
both lnq and I gyper Were estimated by using following pa-
rameters; atomic fractions, atomic scattering factors, Debye—
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FIG. 3. Magnetization curves for Fe ML)/P{1 ML) multilayer films
grown atT¢=(a) 120 °C,(b) 160 °C,(c) 200 °C andd) 230 °C measured in
applied fields parallelH ) and perpendicularH,) to the film plane.

Waller corrections, Lorentz polarization factors and structure
factors>!3 The values oS for different T are listed in Table
I. Sranges from 0.3 to 0.8, depending ©g. High chemical
ordering can be achieved far,=200 °C.

Magnetization curves for F& ML)/Pt(1 ML) multilayer

films are shown in Fig. 3. The magnetic field was applied in
parallel H,;) and perpendicularH,) directions to the film
plane. For all the samples, the easy axis is perpendicularly to
the film plane, since thE001] orientation of tetragonal Lgl
ordered structure is perpendicular to the film plane. The mag-
netic field of 55 k Oe is not sufficient to saturate the magne-
tization in the in-plane direction fof ;=200 °C, indicating

TABLE I. Atomic fractions of Fe Kgo) and Pt &) determined by the RBS
analysis, chemical ordering paramet8), uniaxial magnetic anisotropy en-
ergy (K,), magnetic squarenesM, /Ms,) and coercive forceHc,) in
the applied field perpendicular to the film plane for(FeéML)/Pt(1 ML)
multilayers for different substrate temperaturds)(

e e b b b e Ts Xre Xpt Ky Hc,
20 40 60 80 100 120 (°C) (at.% (at.% S (erg/cd  Mr, /Ms, (09
2 theta (deg.)
120 49.0 51.0 0.30.1 1.4 10 0.51 1400
FIG. 2. X-ray diffraction patterns for F&. ML)/Pt (1 ML) multilayer films 160 51.6 48.4 0501 2.3x10 0.87 800
grown atT¢=(a) 120 °C,(b) 160 °C,(c) 200 °C, andd) 230 °C. In addition 200 52.4 47.6 070.1 3.0x10 0.88 1500
to the peaks associated with FePt ordered structure, the sharp peaks repr@30 49.3 50.7 080.1 4.1x10 0.92 1700

sentative of Pt buffer layer and MgQ00 substrate are also observed.
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the existence of large uniaxial magnetic anisotropy. Uniaxial ~ This work was partly supported by the Special Coordi-
magnetic anisotropy energyK(), magnetic squareness nation Funds for Promoting Science and Technology on
(Mr, /Ms,) and coercive forceHc,) in the applied field “Nanohetero Metallic Materials” from the Ministry of Edu-
perpendicular to the film plane for the @eML)/Pt(1 ML) cation, Culture, Sports, Science and Technology. The authors
multilayer films as a function of ¢ are listed in Table I. The would like to acknowledge Dr. S. Nagata and N. Ohtsu for
uniaxial anisotropy energl{,, increases witiT, and conse- RBS analysis.
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