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A series of Fe52Pt48,Fe52.3Pt46.3Ta1.4 and Fe52Pt40.7Ta7.3 thin films were sputter deposited and
subsequently annealed at 550 and 750 °C for 30 min. The as-deposited films, which adopted the A1
phase, had a change from a predominate �111� fiber texture to �200� with the Ta additions. This has
been explained in terms of the competition between the surface energy and strain energy. Annealing
at 550 °C facilitated the L10 order in Fe52Pt48 and Fe52.3Pt46.3Ta1.4. Upon annealing at 750 °C, all
three composition films phase transformed into L10. Atom probe tomography revealed nanoscale
clustering in the annealed Ta containing films. The formation of these clusters appeared to be a
necessary initial step to allow the L10 ordering reaction to occur but clustering in of itself is not
sufficient for order. For the Fe52Pt40.7Ta7.3 film, the Ta must be depleted within the matrix to a
sufficient level to allow the binary Fe–Pt to order. For the Fe52.3Pt46.3Ta1.4 film, these clusters were
qualitatively observed within the grains at 550 °C and in the grain boundaries at 750 °C. The
Fe52Pt40.7Ta7.3 film had clusters within and near grain boundaries. The clustering in the grain
boundaries deterred grain growth through a Zener-based pinning mechanism. © 2010 American
Institute of Physics. �doi:10.1063/1.3499693�

I. INTRODUCTION

The high magnetocrystalline anisotropy L10 FePt phase
makes FePt a leading candidate material for ultrahigh mag-
netic information storage applications.1 When FePt is depos-
ited as a thin film, it nominally adopts a magnetically soft,
solid-solution face-center-cubic �fcc� phase denoted as A1.
To phase transform from A1 to the magnetically hard L10

phase, a subsequent ex situ anneal at temperatures �500 °C
is required.2,3 Unfortunately, this annealing results in grain
coarsening and the loss of the narrow grain size distribution
required for small bit sizes in magnetic storage
applications.3,4

There is significant research interest in ternary alloying
additions which can either lower the ordering temperature
and/or reduce the extent of grain growth through pinning the
grain boundaries.5,6 For example, minor additions of Cu have
been shown to reduce the ordering temperature by approxi-
mately 200 °C but, unfortunately, facilitated grain growth.7

Alternatively, the additions of Ag or Au have been shown to
have modest reductions to the A1 to L10 FePt ordering tem-
perature while hindering grain growth. The Ag or Au atoms
are suspected to be rejected from the bulk of the grain and
segregate to the grain boundaries.5,6 Other ternary additions,
like Cr and Zr, have resulted in deleterious reactions with the
Fe–Pt constituent elements precipitating undesired interme-
tallic phases.8,9

There have been some conflicting reports on the effect of
Ta in changing the ordering kinetics in FePt.10–12 Jin et al.10

reported that Ta promoted FePt ordering where as Chu et
al.11 and Chen et al.12 reported that Ta suppressed ordering.
All of these reports agreed that Ta did hinder the grain

growth upon annealing. To date, there has been little micro-
structural characterization, at the atomic level, to rationalize
how Ta affected the ordering transformation or inhibited the
grain growth. These results would provide a clearer under-
standing how ternary alloy additions, in general, can be en-
gineered to achieve an optimal FePt thin film microstructure.
In addition, potential Ta segregation within the film could
have the added benefit to FePt magnetic applications. The
segregation of Ta is known to hinder exchange coupling in
magnetic thin film grains.10 This paper addresses the order-
ing transformation and microstructure formations for a series
of FePt thin films with various amounts of Ta to elucidate its
effect on the microstructural stability in the A1 to L10 phase
transformation.

II. EXPERIMENTAL PROCEDURES

Three films with compositions of Fe52Pt48,
Fe52.3Pt46.3Ta1.4, and Fe52Pt40.7Ta7.3 were dc sputter-deposited
in an AJA ATC-1500 stainless sputtering unit. Prior to depo-
sition, the base pressure was �4�10−5 Pa whereupon ultra-
high purity Ar gas was flowed into the chamber at 10 SCCM
�standard cubic centimeters per minute� to a partial pressure
of 0.27 Pa. The Ar gas served as the sputtering working gas.
The composition of each film was controlled by the indi-
vidual sputtering rates from the elemental Fe, Pt, and Ta
sputtering targets which were of commercial purity
��99.5 at. %�. The compositions of the films were verified
by either x-ray energy dispersive spectroscopy in a Philips
XL30 scanning electron microscope �SEM� operated at 30
keV and/or appropriate ranging from the time-of-flight mass
spectra acquired in an Imago Scientific Instruments Local
Electrode Atom Probe �LEAP®� 3000XSi.a�Electronic mail: gthompson@eng.ua.edu.
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The total film consisted of a stack, repeated four times,
of �Si3N4�10 nm / �Fe52PtX�Ta1−X��30 nm or
�Fe52Pt48�30 nm / �Si3N4�10 nm. The Si3N4 underlayer and over-
layer were rf sputter-deposited from a composite target. It
provided a diffusion barrier for the Fe52PtX�Ta1−X� or
Fe52Pt48 films from each other �within the stack� as well as
possible oxidation with the atmosphere or silicide reactions
with the Si substrate during the ex situ anneals. The multi-
layered stack allowed sufficient volume for x-ray intensities
as well as increasing the probability of capturing the region
of interest when preparing the atom probe tips, described
below. The Fe52Pt48 film provided the base-line comparison
to the Ta addition films.

Post deposition, the films were diced into 5�5 mm2

squares and ex situ annealed in a quartz tube that was evacu-
ated and backfilled to 4 kPa with a reducing environment of
Ar /4% H2. The films were annealed for 30 min at 550 and
750 °C. The start time for annealing was taken when the
sample achieved the desired temperature set point, which
was verified by an external thermocouple bonded to the
backside of a Si wafer that was placed near the film. Ramp
up heating times depended on the set point but in general it
took between 4 and 10 min. Once 30 min was over, the
samples were retracted from the furnace and allowed to cool,
in the backfilled quartz tube, to room temperature, which
took approximately 20 min.

The L10 phase identification and its corresponding order
parameter, S, was quantified by x-ray diffraction �XRD� us-
ing a Bruker Discovery D8 Diffractometer with a Co K� ra-
diation source ��=1.789� operated at 40 keV and 35 mA.
The order parameter, S, was calculated using

S2 =
�I001/I002�exp

�I001/I002�calc
, �1�

where I001 / I002 are the integrated intensities for the desig-
nated �hkl� reflections. The calculated intensity ratio was
taken from Joint Committee for Powder Diffraction Standard
No. 03-065-9121.13 In general, the as-deposited films exhib-
ited either a strong �111� or �200� fiber texture. To resolve the
superlattice reflections, the films were tilted to 35° in chi,
which is the angle between the �111� and �110� directions,
revealing the superlattice reflections of L10. The integrated
intensities were fitted to a Lorentz profile using the
ORGINPRO8

® software platform.
The magnetic properties were measured using a Prince-

ton Instruments Model 2900 alternating gradient magneto-
meter �AGM� with a parallel probe. The AGM has a maxi-
mum field of 18 kOe. The limited applied field, for some
samples, prevented full saturation and the coercivity, Hc, val-
ues reported would be a slight underestimation.

The microstructure was quantified by transmission elec-
tron microscopy �TEM� and atom probe tomography. The
TEM foils were prepared by ultrasonically cutting 3 mm
disks, backside polishing the Si wafer to �100 �m and dim-
pling with diamond paste abrasive to �15 �m. The foil was
then ion milled to electron perforation and transparency us-
ing a Gatan PIPS® operated at 3.5 keV and 20 �A at gun tilt
angles of 6° to 8°. The foils were examined in a FEI Tecnai
F20 �S�TEM. The grain size distribution was taken from ap-

proximately 50 grains imaged in a dark field mode using the
�111� reflection. The grains were manually outlined and mea-
sured using the NIKON ELEMENTS

® software platform.
The atom probe samples were prepared by the in situ

lift-out of a wedge from the thin film wafer, in a similar
manner as reported by Thompson et al.14 and modified for
thin films by Torres and Thompson.15 The samples were fo-
cus ion milled using a FEI Quanta 3D dual-beam focus ion
beam SEM. Ion beam currents of 0.3–3.0 nA at 30 keV were
used to annular ion mill the film into the required atom probe
tip geometry. A final 5 keV “clean up” step was used to
reduce the Ga implantation damage to the surface of the
sample. The atom probe tips were analyzed in an Imago
Scientific Instruments LEAP® 3000XSi in a laser pulsing
mode at a base temperature of �30 K with laser pulse en-
ergy of 0.20–0.35 nJ at a pulse rate of 250 kHz.

III. RESULTS AND DISCUSSION

A. Texture

The XRD scans in Fig. 1 show the phase identification
for the various films at different annealed temperatures.
Upon annealing at 550 °C, the Fe52Pt48 film as well as the
Fe52.3Pt46.3Ta1.4 ordered into L10, as evident by the charac-
teristic �001� and �110� L10 superlattice reflections as well as
the clear tetragonality splitting in the �200� and �002� peaks,
Fig. 1�b�. The Fe52Pt40.7Ta7.3 film did not show any evidence
of L10 order at this temperature and time; however, at
750 °C, all three compositions have ordered, Fig. 1�c�. The
XRD results clearly showed that as the Ta content was in-
creased, the nominal binary FePt L10 ordering temperature
was suppressed.

The addition of Ta also resulted in a change in the fiber
texture of the films. From the as-deposited XRD scans in
Fig. 1�a�, the binary alloy had a �111� dominate texture
whereas the ternary system exhibited a prevalent �200� ori-

FIG. 1. XRD patterns for �a� as-deposited �b� 550 °C, and �c� 750 °C
annealed films and �d� the order parameter values calculated from the dif-
fraction patterns.
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entation. For fcc-based structures, which is the A1 symmetry,
the �111� closed packed planes are the lowest free energy
surface.4 The formation of this surface competes with the
lowest strain energy fiber direction �001�.4 The addition of

the Ta, even for low concentration of 1.4 at. %, allowed the
strain energy to dominate the fiber growth of the film. Inter-
estingly, the relative integrated intensity ratio of the �111�/
�200� for both Ta concentrations was �0.5, which indicates
that the ratio inversion was not strongly dependent upon in-
creasing Ta additions over the range studied. For compari-
son, the binary film’s integrated �111�/�200� ratio was �1.7.
A slight shift �which is �0.5°2�� to lower d111 lattice spac-
ing and higher d200 spacing can be seen between the binary
and ternary films. This is consistent with a lattice strain as-
sociated with the incorporation of Ta into the A1 phase. The
incorporation of Ta, a larger atom than either Fe or Pt, clearly
increased the driving force for fiber texture formation toward
the favorable strain energy reduction direction.

B. Order and magnetic properties

As evident from the XRD scans in Figs. 1�b� and 1�c�, as
Ta content was increased, the ordering suppressed. This trend
is shown in the order parameter plotted in Fig. 1�d�. At the
highest annealed temperature of 750 °C, the Fe52Pt40.7Ta7.3

film achieved an order parameter nearly one-half of that of
the binary system. Similar to the order parameter trends, the
higher addition of Ta resulted in a drop in the Hc as a func-
tion of annealing temperature, as plotted in Fig. 2�a�. Al-
though the Fe52.3Pt46.3Ta1.4 film had a lower S, it had nearly
equivalent coercivity values for the temperatures studied.
Other than the near zero Hc loops, those that exhibited sig-
nificant hysteresis clearly showed a hard and soft magnetic
component, as plotted in Figs. 2�b� and 2�c�. The presence of
the soft component would suggest that a variation in the
ordered fraction existed in the material, i.e., not all the ma-
terial has phase transformed to the average order parameter.

C. Grain growth

The Ta additions suppressed grain growth, as plotted in
Fig. 3, which is in agreement with the other reports.10–12 For
the Fe52.3Pt46.3Ta1.4 film, only at the highest annealed condi-
tion was there a deviation in grain growth from the binary
alloy. The mechanisms for the reduction in grain growth, and

FIG. 2. �Color online� �a� Coercivity values vs annealing temperature. AGM
hysteresis loops with normalized magnetization values of films annealed at
�b� 550 °C and �c� 750 °C for 30 min.

FIG. 3. Average grain size values, taken from 50 grains, plotted vs anneal-
ing temperature.
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the change in grain growth for Fe52.3Pt46.3Ta1.4, will be dis-
cussed in detail below in the clustering section.

D. Clustering

1. Statistical analysis

The atom probe allowed for atomic identification and
spatial location to address how Ta inhibited ordering and
reduced grain growth. To determine if Ta was either random

or clustered in the A1 or L10 phases, a clustering statistical
methodology, as outlined by Moody et al.,16,17 was applied.
In this method, voxels were constructed using blocks of 100
Fe–Pt atoms. The number of Ta atoms within each defined
voxel was then plotted as a function of counts per frequency
of occurrence. This data was then compared to that of a
random sample created from the experimental data using the
random label method.16,17 The random label sample was
made by using the experimental atom positions and ran-
domly swapping the mass to charge ratios.16

TABLE I. Degree of ordering in the different films along with threshold values. When 	2 is greater than the
threshold value for �=0.05, this indicates a 95% confidence level that statistically significant clustering is
present.

Sample 	2 �=0.05 Clustered? Order parameter

As Dep Fe52.3Pt46.3Ta1.4 16.53 18.31 N 0
Fe52Pt40.7Ta7.3 43.05 32.67 Y 0

550 °C Fe52.3Pt46.3Ta1.4 113.58 21.03 Y 0.65
Fe52Pt40.7Ta7.3 93.65 36.42 Y 0

750 °C Fe52.3Pt46.3Ta1.4 959.90 23.68 Y 0.7
Fe52Pt40.7Ta7.3 16 208.64 43.77 Y 0.45

FIG. 4. Statistical analyses for �a� Fe52.3Pt46.3Ta1.4 and �b� Fe52Pt40.7Ta7.3 films annealed at 550 °C. Statistical analyses for �c� Fe52.3Pt46.3Ta1.4 at 750 °C, and
�d� Fe52Pt40.7Ta7.3 at 750 °C.
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FIG. 5. �Color online� 2D Ta concentration maps for �a� Fe52.3Pt46.3Ta1.4 at 550 °C, �b� randomized Fe52.3Pt46.3Ta1.4 at 550 °C, �c� Fe52.3Pt46.3Ta1.4 at 750 °C,
�d� Fe52Pt40.7Ta7.3 at 550 °C, �e� Fe52Pt40.7Ta7.3 at 750 °C �f� randomized Fe52Pt40.7Ta7.3 at 750 °C. �a�–�c� are scaled between 0.01 and 0.02 while �d�–�f� are
scaled between 0.04 and 0.125.
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The magnitude of the deviation of the experimental data
from that of a random distribution was represented by 	2 �chi
squared�,

	2 = �
n=0

nb �e�n� − f�n��2

f�n�
, �2�

where e�n� is the number of blocks containing n solute atoms
measured experimentally and f�n� is the number of blocks
containing n solute atoms generated randomly. This calcula-
tion was tested at an �=0.05 significance level.18,19 Recall
that if the 	2 value is greater than the test statistic, the null
hypothesis that two samples are from the same distribution is
rejected. In this paper, this implies that the experimental film
is not random and thus clustered. Based on this criteria, all
but the Fe52.3Pt46.3Ta1.4 as deposited sample showed cluster-
ing, see Table I.

At 550 °C, the Fe52.3Pt46.3Ta1.4 film was ordered into
L10, as evident in the XRD spectrum of Fig. 1�b�. The sta-
tistical Ta cluster analysis of this film revealed a small
amount of clustering shown in Table I. In Fig. 4�a� a ‘ran-
dom’ sample is overlaid with the experimental data plotted
versus the number of Ta atoms per 100 FePt atoms. Although
the two distributions look very close, the statistical testing
shows that there is deviation. It is worth noting that only a
slight difference in the data, as measured visually or by a
coefficient of determination �R2�, can be statistically signifi-
cant enough to reject the null hypothesis of randomness.

Surprisingly, deviation from randomness at 550 °C was
observed for the Fe52Pt40.7Ta7.3 film and is plotted in Fig.
4�b�, yet the XRD spectra in Fig. 1�b� did not show ordering.
This would suggest that clustering is required for order but
clustering in of itself does not mean ordering will occur. This
concept will be developed further in the two-dimensional
�2D� compositional map representation given below. At
750 °C, both the Fe52.3Pt46.3Ta1.4 and Fe52Pt40.7Ta7.3 films
exhibited statistically observable clustering behavior in Figs.
4�c� and 4�d�, and the deviation from randomness is more
pronounced.

2. 2D concentration maps

2D concentration maps, Fig. 5, depict regions of higher
concentration providing a semiquantitative understanding of
how Ta is distributed with the microstructure. The red re-

gions represented “hot spots” of Ta where as the blue and
green regions represented depleted regions of little to no Ta.
2D maps of each film were produced from 29.8�26.8
�24.7 nm3 sections, with the depth being 29.8 nm. For the
Fe52.3Pt46.3Ta1.4 film, Fig. 5�a�–5�c�, the concentration ranges
from 1% to 2% Ta. For the Fe52Pt40.7Ta7.3 film, Figs.
5�d�–5�f�, the concentration ranges from 4% to 12.5% Ta.
These planar images are analogous to contour maps.

The 2D concentration map of the 550 °C annealed
Fe52.3Pt46.3Ta1.4 film, Fig. 5�a�, seems to show several nano-
scale Ta-rich regions. However, this image is very similar to
the randomly labeled sample, Fig. 5�b�. The statistical analy-
sis shows that the Ta has clustered but its 	2 value is not
much greater than the test statistic, indicating it may not have
clustered significantly. Both images being similar illustrates
that all samples have clusters of Ta, and the difficulty in
visually differentiating between clustered and random
samples.

Upon annealing the films to 750 °C, the Fe52.3Pt46.3Ta1.4

exhibited larger and fewer ‘hot spots’ indicative that the clus-
ters coarsened, Fig. 5�c�. In this case, the statistical and vi-
sual approach both clearly indicates that the sample has clus-
tered.

The 2D concentration map of the 550 °C Fe52Pt40.7Ta7.3

film, Fig. 5�d�, shows Ta-rich regions. These regions of clus-
tering are not as prominent as those in the 750 °C
Fe52Pt40.7Ta7.3 film, Fig. 5�e�. In comparison, the randomly
labeled sample of the 750 °C Fe52Pt40.7Ta7.3 film data set,
Fig. 5�f�, shows almost no variation in Ta concentration. Un-
like the 550 °C Fe52.3Pt46.3Ta1.4 film, Figs. 5�a� and 5�b�, it is
clear comparing the experimental and randomized 750 °C
Fe52Pt40.7Ta7.3 film, Figs. 5�e� and 5�f�, that significant devia-
tion from random has occurred.

Local clusters of Ta deplete regions around them from
which the short range diffusional L10 ordering processes in
binary Fe–Pt can occur. At 550 °C, initial clustering had
initiated in the Fe52Pt40.7Ta7.3 film, Fig. 5�d� but it did not
order. The Ta was at a much higher and uniform concentra-
tion throughout the microstructure in Fig. 5�d�. The high
melting temperature of Ta, which is indicative of a slow dif-
fusing species, suggested that it is more difficult at higher
concentrations for this element to be rejected from the FePt
matrix thereby suppressing the ordering reaction.

A comparison of Fig. 5�d�, where the Ta was throughout
the film and not ordered, and Figs. 5�a�, 5�c�, and 5�e�, where
Ta depletion is present and each of these films are L10 or-
dered, indicated that Ta does suppress the ordering process.
Though clustering was observed in the statistical analysis
shown in Fig. 4�c�, and can be seen in the contour map of
Fig. 5�d� for the 550 °C Fe52Pt40.7Ta7.3 film, the uniformity
of Ta still within the matrix prevented order. Thus, clustering
is not sufficient for ordering until the matrix itself becomes
depleted in Ta or alternatively, Ta segregation to the cluster
has yielded a region of the binary Fe–Pt constituents.

3. Atom maps

To visually identify the spatial location of the clusters
with respect to microstructural features, i.e., grain bound-
aries, a series of atom maps were constructed. Following the

TABLE II. Averaged cluster composition with balance from impurities of
oxygen, silicon, and hydrogen.

Sample

Approximate element
content in cluster

�at. %�
Number of Ta

atoms in cluster

550 °C Fe Pt Ta

Fe52.3Pt46.3Ta1.4 51 42 6 10
Fe52Pt40.7Ta7.3 44 38 15 21

750 °C Fe Pt Ta

Fe52.3Pt46.3Ta1.4 49 40 6 12
Fe52Pt40.7Ta7.3 41 41 15 26
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methodology outlined in the IVAS version 3.4, atom map
clusters were generated by selecting dmax�nm� and Nmin to
minimize the detection of clusters that would be expected in
a random sample. The dmax represented the maximum spac-
ing between two Ta atoms for them to be considered in a
cluster. The Nmin represented the minimum number of spa-

tially close Ta neighbors for the region to be considered a
cluster. The dmax value was determined by the intersection
created by graphing the experimental and random Ta nearest
neighbor distances. The Nmin value was determined by locat-
ing the maximal probable cluster size for a random sample.
For consistent comparison, these values were fixed for films

FIG. 6. �Color online� Representative thin slices of a �a� Si atom map for Fe52.3Pt46.3Ta1.4 film annealed at 550 °C, �b� Si atom map for Fe52Pt40.7Ta7.3 film
at 550 °C, �c� Fe atom map for Fe52.3Pt46.3Ta1.4 film at 750 °C, and �d� Si atom maps for Fe52Pt40.7Ta7.3 film at 750 °C. The black regions represent the
Ta-based clusters. Proxigrams for �e� Fe52Pt40.7Ta7.3 at 750 °C and �f� Fe52.3Pt46.3Ta1.4 at 750 °C relative to a Si isodensity surface.
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of the same composition. For Fe52.3Pt46.3Ta1.4, dmax was 5 nm
and Nmin was 8, and for Fe52Pt40.7Ta7.3 dmax was 4 nm and
Nmin was 20, reflecting the higher overall density of Ta.

In this work, a “cluster” was defined as a higher concen-
tration of Ta than the matrix for a given number of ions being
dilute or concentrated spatially. The composition and size,
determined by the number of Ta solute atoms in the cluster,
are tabulated in Table II. The balance of impurity elements,
which were oxygen and silicon, detected by the atom probe
did not show enrichment in these clusters, and have not been
included in the composition of the films given. One might
assume that Ta segregates elementally. In this work, Ta seg-
regation is shown to be part of a Fe-rich cluster comprising
of all three primary elements.

A thin slice of the 550 °C Fe52.3Pt46.3Ta1.4 film was used
to generate an atom map, Fig. 6�a�, revealed that clusters
have formed within the interior of the grain. To highlight the
grain boundaries, Si, which preferentially segregated to grain
boundaries, was projected in the atom map. The Si was an
impurity introduced from the sputtering target. This atom
map would be consistent with the 2D contour image shown
in Fig. 5�a� that nanoscale dispersions of Ta were throughout
the film. This would suggest that the interfacial energy pen-
alty for forming these clusters in the grain �and not at the
grain boundary�, at this length scale, is relatively small. In
contrast, the Fe52Pt40.7Ta7.3 at the same temperature has the
clusters forming in or near the grain boundaries as seen in
Fig. 6�b�. At these higher concentrations of Ta, either diffu-
sion is limited within the matrix for local clustering and/or
clustering becomes more favorable in the grain boundaries.
Cluster formation in the grain boundaries would not have the
same energy penalties as forming in a matrix because the
grain boundaries already have an interfacial energy contribu-
tion.

Upon annealing the film to 750 °C, the Fe52.3Pt46.3Ta1.4

continued to show clustering. Unlike the lower anneal tem-
perature, these clusters appeared to be more prevalent within
the grain boundaries. At this temperature, the grain growth
for Fe52.3Pt46.3Ta1.4 began to deviate from the binary film
shown in Fig. 3. Similarly, the Fe52Pt40.7Ta7.3 film had sig-
nificant clusters in the grain boundaries, particularly at the
node junctions, and these grains were refined as compared to
the binary alloy in Fig. 3. Proximity histograms,20 represen-
tative of the entire reconstruction were defined by an isoden-
sity surface of Si at the grain boundary, clearly showed a
local depletion of Ta in the Fe52Pt40.7Ta7.3 film as Ta ap-
proached the boundary, see Fig. 6�e�.

The zero designation in the proximity histogram repre-
sents the interface of the isodensity surface. The depletion of
Ta at and near the grain boundary would indicate that the
interior of the grain is supplying the Ta to the cluster forming
in the grain boundary. Surprisingly, for the Fe52.3Pt46.3Ta1.4

film, the depletion of Ta into the grain boundary was not as
significant, as plotted in Fig. 6�f�. This would imply that
either the clusters formed from Ta intrinsic to the boundary
and/or the concentration of Ta within the interior of the grain
is sufficiently low that migration rejection from the grain
interior is not required. The formation of clusters within the

grain boundaries helped refine the grain size. Likely, the
clusters act as Zener pinning sites,21 which mitigate grain
boundary propagation.

IV. CONCLUSION

The present study has shown that Ta additions can in-
hibit L10 ordering in FePt thin films, though a critical con-
centration of Ta must be present within the film for this sup-
pression. For the concentration range studied, the addition of
Ta promoted the elastic strain energy growth direction of
�200� in the A1 phase deposition. The initiating of L10 order
required Ta clustering but clustering is not solely sufficient
for order. The Ta concentration must be sufficiently depleted
from the matrix into the cluster such that binary Fe–Pt re-
gions exist and the short range diffusion for the polymorphic
A1 to L10 phase transformation can occur. The atom probe
results clearly indicated that the slow diffusing species of Ta,
when uniformly present in the matrix, inhibited the L10 or-
dering. Though speculated previously,10–12 this paper demon-
strated that clusters within the grain boundaries are required
to refine the grain structure, i.e., Fe52.3Pt46.3Ta1.4 and
Fe52Pt40.7Ta7.3 at 750 °C. These clusters likely provided a
Zener-pinning type mechanism. When clusters are within the
grain itself, the grain growth behavior is comparable to the
binary alloy, i.e., Fe52.3Pt46.3Ta1.4 at 550 °C.
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