180

Chemistry Letters Vol.36, No.1 (2007)

Chemical Synthesis of Face-centered-tetragonal FePt Film Using Sol-Gel Method
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A simple sol-gel spin-coating technique was developed to
prepare FePt films. The calcining temperature was found to have
great influences on the film’s crystalline structure and magnetic
properties. For this method, pure face-centered-tetragonal FePt
film was finally obtained by calcining at 370 °C and subsequent-
ly reducing at 470°C.

The ordered face-centered-tetragonal (fct) FePt has large
magnetocrystalline anisotropy constant, moderate magnetiza-
tion, and excellent chemical and thermal stabilities. Due to the
potential applications in high-density recording media and the
magnetic component of the microelectromechanical systems,
films based on it have attracted much attention.!? Generally,
FePt films are prepared by vacuum techniques such as magne-
tron sputtering,’ molecular beam epitaxy,* and pulsed laser dep-
osition.’ Because these techniques are complicated and of high
cost, chemically synthetic methods, such as electrochemical
deposition® and solution phase chemical synthesis,” are devel-
oped and adopted more frequently in recent years owing to their
advantages of inexpensive apparatus and facile operation. How-
ever, as a powerful chemical preparation technique, the sol—gel
method has not been used to fabricate FePt films yet. In this
paper, we explore the possibility of using a sol-gel spin-coating
technique to fabricate FePt films and investigate the influences
of the heating temperature on the film’s crystalline structure
and magnetic properties.

The thin FePt films with thickness of about 30 nm, measured
by an «-step, were prepared by a sol—gel process and spin-coat-
ing technique. To prepare the sol solution, 100 mL ethanol solu-
tion consisting of 0.01 mol FeCl,-4H,0, 0.01 mol H,PtClg-
6H,0, and 0.06 mol citric acid monohydrate was firstly stirred
at 60°C for 6h. Then, 0.1 mL N,N-dimethylformamide was
added into the solution as a drying chemical control agent, and
the mixed solution was stirred at 60 °C again for 0.5h. After
these operations, the sol solution was spin-coated onto the ther-
mally oxidized silicon substrates at 3000 rpm for 30s and dried
in air at 100 °C to prepare the precursor film. The dried precursor
films were then calcined at varying temperatures 7T, ranging
from 320 to 470 °C in oxygen ambient for 5 min and subsequent-
ly reduced at the temperature T;.q of 470 °C in flowing hydrogen
for 35min. Induction-coupled plasma spectrometer analyses
demonstrate that the Fe:Pt atomic ratio in the formed final films
is consistent with that in the initial sol solution, namely 1:1.

X-ray diffraction (XRD, D/Max-RA with Cu Kc radiation)
was used to characterize the crystalline structure of the films.
Figure la shows the XRD patterns of the films calcined at
different temperatures 7, (320—470°C). In the pattern of the
film calcined at 320°C, we cannot find any diffraction peaks
relating to the oxides of Fe but two Pt304 peaks. This may be
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Figure 1. XRD patterns of (a) the calcined films and (b) the re-

duced final films. The calcining temperatures 7T, are 320, 370,

420, and 470 °C and the reducing temperature 7,4 is 470 °C.

due to the incomplete thermooxidative decomposition of the
organometallic precursor according to the thermogravimetric
differential thermal analysis.® When T, increases to 370°C,
the diffraction peaks corresponding to Fe;O4 and Fe,O3 appear
in the pattern of the film. With further increasing T.,, some
Fe;O,4 peaks disappear while all the Fe,O; peaks still remain
in the pattern. When T, increases to 470 °C, the Fe; Oy, diffrac-
tion peaks vanish completely, and the film only consists of
Fe,03; and Pt30y4. It is clear that both the components and their
contents are different for the films calcined at different T,,.
From Figure 1a, it can also be found that the Pt30, peaks become
narrower with increasing 7., which suggests that high T,y
favors the growth of crystalline grains. Figure 1b shows the
XRD patterns of the final reduced films. It is clear that after
the reduction, the final film calcined at 320 °C comprises fct FePt
and a trace amount of fcc FePt. An increase of T, to 370°C
results in the formation of pure fct FePt final film. With further
increasing T, to 420°C or above, the fcc FePt appears in the
final films again, and its content increases with increasing 7T¢,.
This implies that the more Fe, O3 and the larger crystalline grains
may retard the formation of fcc FePt more and hence the fcc—fct
ordering transformation is inhibited. Comparing these four
patterns, we can find that all the final films contain fct FePt,
which indicates that the fcc—fct ordering transformation temper-
ature can be lowered to 470°C for our method. It is believed
that atomically ordered fct FePt fractions, which firstly nucleate
at the sites of the lattice defects within some fcc FePt regions,
induce the transformation at this relatively low temperature.®~!!

Based on these XRD analyses, the possible mechanism of
our method can be concluded as follows. Firstly, the sol-gel
process yields the organometallic precursor. Then, the precursor
thermooxidatively decomposes into the iron oxides and the plat-
inum oxide after calcining above a certain temperature for a suf-
ficient time. But if the calcining temperature T, is low, large
amounts of organometallic precursor will decompose incom-
pletely. During the forepart of the reduction process, these resid-
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Figure 2. AFM images of (a) the oxide film (7¢y = 370°C) and
(b) the fct FePt film (T¢y = 370°C, Tyeq = 470°C).

ual organometallic substances are directly pyrolyzed and then
form fcc FePt, while those formed oxides are firstly reduced into
Fe and Pt and then form fcc FePt through the atomic diffusion
between Fe and Pt. With further extending the reducing time
or increasing the reducing temperature, the disordered fcc FePt
transformed into the ordered fct FePt gradually. According to
this mechanism, we can deduce that for films calcined below
and above 370°C, increasing the reducing temperature or
extending the reducing time may be an appropriate means to
achieve the complete fcc—fct transformation. Further investiga-
tions to evidence it are currently in progress.

The morphologies of the films were investigated by an
atomic force micrograph (AFM, Digital Instruments Nanoscope
[IIa). The AFM surface images of the oxide film (7, = 370°C)
and the fct FePt film (T, = 370°C, Tyeq = 470 °C) are shown in
Figure 2. It can be seen that the oxide film is fairly flat. After the
reduction, the film surface roughness deteriorates apparently.
The root-mean-squared roughnesses for the oxide film and the
fct FePt film are 0.438 and 2.542 nm, respectively.

The in-plane magnetic properties of the reduced films were
measured by a superconducting quantum interference device
magnetometer (Quantum Design, MPMSXL-7) at room temper-
ature. Figure 3 shows the maximum magnetizations My, coer-
civities H., and squarenesses M, /Myt as functions of the calcin-
ing temperature 7., . Here, it should be noted that the magnetic
data shown in Figure 3 are the ones after subtracting the linear
diamagnetic background of the Si/SiO, substrate and that Mur
represents the magnetization measured at 40 kOe. It can be seen
that with increasing T, H, and M, /Myt firstly increase and then
decrease while the variation of M, shows an opposite tendency.
This result can be attributed to the different film components
caused by different T,,. According to the XRD analyses, the
final film whose T, is 370 °C only consists of single fct FePt
phase, while those calcined above or below 370 °C are actually
the mixture of fcc FePt and fct FePt. Because the fcc phase is
magnetically soft and has a saturation magnetization higher than
that of the fct phase, the decrease of fcc FePt in the film may
undoubtedly result in the deterioration of M4t and the improve-
ment of H. and M,/Myr. From Figure 3, we can see that the
pure fct FePt film (7¢, = 370°C, Tq = 470°C) possesses
the relatively lowest Myt (0.902 k-emu-cc!) but highest H,
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Figure 3. In-plane maximum magnetizations My, coercivities
H. and squarenesses M;/M,r of films reduced at 470°C as
functions of the calcining temperature 7.,;.

(7.43k0Oe) and M,/Myr (0.675). This hard magnetic perform-
ance is fairly good compared to those of some films annealed
at about 500 °C.>*% But H, is not as high as those of films an-
nealed at higher temperatures,”’ indicating a moderate ordering
degree for the fct FePt film prepared by our method.

In conclusion, a simple sol-gel spin-coating technique was
successfully developed to prepare FePt films. The components
and the magnetic properties of the films were found to have great
dependences on the calcining temperature. Only the film cal-
cined at 370 °C and subsequently reduced at 470°C comprise
single fct FePt phase. For this pure fct FePt film, its maximum
magnetization Myr, coercivity H., and squareness M;/Mr are
0.902k-emu-cc™!, 7.43kOe, and 0.675, respectively.
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