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Epitaxial growth mechanism of L1, FePt thin films on Pt/Cr bilayer

with amorphous glass substrate
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Ordered L1, FePt films with magnetic perpendicular anisotropy were fabricated with a Pt/Cr
bilayer. The squareness of the L1, FePt film with a Cr underlayer and a Pt buffer was close to one
when a magnetic field was applied perpendicular to the film’s plane, because a semicoherent
epitaxial growth was initiated from the Cr (002) underlayer; continued through the Pt buffer layer,
and extended into the L1, FePt (001) magnetic layer. Without the Pt buffer layer, the Cr atoms may
diffuse directly into the FePt magnetic layer. Consequently, an epitaxial barrier of the Cr-rich FePtCr
alloy formed between the Cr underlayer and the FePt magnetic layer, degrading the magnetic
performance and epitaxial growth of the latter. © 2005 American Institute of Physics.

[DOLI: 10.1063/1.2073967]

The perpendicular magnetic anisotropic (PMA) FePt al-
loy thin film with a tetragonal L1, structure has attracted
much interest in recent years,l*5 because of its high uniaxial
magnetocrystalline anisotropy (K,), high coercivity (H,),
high saturation magnetization (M), good corrosive resis-
tance, and large energy products (BH),,.>" The uniaxial
magnetocrystalline anisotropic energy of the L1, FePt phase
is close to 108 erg/cm3, which is one order of magnitude
greater than that of the Co-based alloy thin films.® The stable
FePt grains can be as small as 2.8 nm, and thus overcome the
thermal instability that causes superpeuramagnetism,6 helping
meet the criteria associated with the Stoner-Wohlfarth
model.’ Therefore, L1, FePt is a promising replacement for
the Co-based alloy thin films used as ultrahigh magnetic re-
cording density media in the near future. However, the te-
tragonal L1, FePt phase normally has a (111) plane and its
easy axis is tilted 35° away from the film’s plane. The pre-
ferred orientation must have a (001) plane that makes the
easy axis [001] perpendicular to the film, to enable FePt to
be used as a perpendicular recording media. Accordingly, a
unique method of preparation that switches the preferred ori-
entation of the ordered L1, FePt phase from (111) to (001)
must be developed.

The lattice constant of MgO is 4.21 A,s and the lattice
mismatch'® of the FePt(001)/MgO(100) planes is around
9.07%. Therefore, the MgO(100) substrate and MgO(100)
thin film are widely employed to induce the ordered
FePt(001) during growth. However, the cost of using the
MgO(100) substrate is high and the fabrication temperature

has been proposed.l’mf15 The application of a CrRu under-

layer is also limited by its huge material cost, although such
underlayers have been investigated comprehensively.l*?_15 Cr
is an alternative because it has already been utilized as an
underlayer in longitudinal recording. The lattice mismatch of
Cr(002)/FePt(001) is 5.8%, which is below 6.3% of the
Crg,Ruy(002)/FePt(001) planes.'® A smaller lattice mismatch
between the Cr(002) and FePt(001) planes helps the Cr(002)
underlayer induce the ordering of the FePt(001) plane. How-
ever, no investigation has used a pure Cr layer as an under-
layer for growing ordered FePt(001). In this work, ordered
L1, FePt(001) grew epitaxially in the FePt/Pt/Cr trilayer,
but not in the FePt/Cr bilayer. This article proposed the
mechanism of formation of ordered L1, FePt with a (001)
orientation and interfacial epitaxial characteristics.

All of the films were deposited on a preheated Corning
glass substrate by conventional dc magnetron sputtering.
Table I provide the film structures. The magnetic properties
were measured using a vibrating-sample magnetometer
(VSM) at room temperature. The crystalline phases and
cross-sectional microstructures of the films were identified
by x-ray diffraction (XRD) using Cu K|, radiation and 300
KeV high-resolution transmission electron microscopy (HR-
TEM). The chemical composition of the magnetic FePt alloy
layer, which was determined by energy dispersive x-ray dif-

TABLE I. Film structures of samples A-E.

Sample ID Film structures

of MgO(100) thin film always exceeds 500 °C,'"'? limiting
the adoption of MgO in the magnetic recording industry. A A Cr(90 nm)/glass
perpendicular FePt(001) structure with a CrRu underlayer B FePt(20 nm)/glass

C FePt(20 nm)/Cr(90 nm)/glass

D FePt(20 nm)/Pt(2 nm)/glass
YAuthor to whom correspondence should be addressed; FAX:886-2- E FePt(20 nm)/Pt(2 nm)/Cr(90 nm)/glass

33665892; electronic mail: jhhsu@phys.ntu.edu.tw
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FIG. 1. XRD patterns of (a) sample A (single Cr layer), (b) sample B (single
FePt layer), (c) sample C (FePt/Cr bilayer), (d) sample D (FePt/Pt bilayer),
and (e) sample E (FePt/Pt/Cr trilayer).

fractometry (EDX), was found to be Fe,4Pts,. The depth pro-
files of the composition were examined by Auger electron
spectroscopy (AES).

Figure 1 presents the x-ray diffraction patterns of
samples A-E. Figure 1(a) (sample A) has no Cr(110) peak,
but includes a high-intensity Cr(002) peak, revealing that the
orientation of the (002) plane Cr underlayer is favorable. In
Fig. 1(b), the multiple peaks indicate a randomly oriented
L1, FePt phase with a preferred orientation (111). Superlat-
tice reflections (001), (110), (200), and (002) of ordered L1,
FePt are also present, revealing that magnetically hard FePt
phase formed fully if the deposition temperature exceeded
450 °C."® The crystal structure of sample C was similar to
that indicated by combining the peaks for samples A and B.
However, a Cr underlayer considerably reduced the intensity
of FePt(111). The predominant orientation may be FePt(200)
or FePt(002). The preferred orientation of the Cr underlayer
is also (002). Comparing Fig. 1(c) with Fig. 1(a) demon-
strates that the Cr(110) peak appears only after the FePt mag-
netic layer is deposited on the Cr underlayer. This finding is
rather surprising. The ordered FePt(001) texture should intu-
itively grow epitaxially with the crystallographic Cr(002)
X[110]//FePt(001)[100],"” because the lattice misfit'® of
Cr(002)/FePt(001) planes is only 5.8% that is smaller than
that of the FePt(001)/MgO(100) planes. Therefore, the L1,
FePt(001)[100] should grow epitaxially with Cr(002)[110].
However, randomly oriented L1, FePt phase structure was
observed. Sample D exhibits only a single FePt(111) orien-
tation. Pt is faced-centered cubic (fcc) with a (111) preferred
orientation. The lattice constant is 3.92 A, and is close to that
of the faced-centered tetragonal (fct) ordered L1, FePt phase.
The mismatch between FePt and Pt is only about 1.6%. Ac-
cordingly, FePt will grow well with Pt(111) to yield a single
FePt(111) orientation. Sample D yielded no Pt(111) peak.
The Pt layer is only 2 nm thick and the peak from this layer
cannot easily be detected by XRD. Sample E contains a Cr
underlayer and L1, FePt with a single orientation. Its diffrac-
tion pattern also reveals that the (001) texture is preserved
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FIG. 2. Magnetic hysteresis loops of (a) sample B (single FePt layer), (b)
sample C (FePt/Cr bilayer), (c) sample D (FePt/Pt bilayer), and (d) sample
E (FePt/Pt/Cr trilayer).
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throughout the L1, FePt layer by epitaxial growth between
the Pt buffer layer and the FePt layer. Comparing the diffrac-
tion pattern of sample E with those of samples C and D
indicates that the development of the L1, FePt(001) pre-
ferred orientation is governed by the presence of both the Cr
underlayer and the Pt buffer layer. The results suggest that a
mechanism at the interface of FePt/Cr and FePt/Pt/Cr is
responsible for the preferred orientation of L1, FePt (001).
Figure 2 plots the room-temperature in-plane and the
out-of-plane magnetization loops of samples B-E. These
loops of samples B and D are similar because both samples
exhibit the same preferred orientation (111). In sample C, the
in-plane squareness (S;) slightly exceeds the out-of-plane
squareness (S| ). Only sample E exhibits perpendicular mag-
netic anisotropy and an out-of-plane squareness (S,) of
about one. S, greatly exceeds S,. Its in-plane loop is not
saturated at 1.2 T. Accordingly, the easy axis will be perpen-
dicular to the film plane. Additionally, M, of the L1, FePt
phase in sample C was considerably reduced. M, of samples
B, D, and E is 200 emu/cm? higher than that of sample C
(FePt/Cr), because Cr atoms diffuse from the underlayer into
the FePt magnetic layer and they react strongly with the Fe
and Pt atoms to produce some compounds at the FePt/Cr
interface. M of FePt/Cr thin film with a 2 nm Pt buffer layer
reached 700 emu/cm?, and the FePt/Pt/Cr trilayer exhibited
perpendicular magnetic anisotropy. Pt buffer layers are good
barriers to the diffusion of the Cr atoms into the FePt layelr.]4
Figure 3 presents cross-sectional TEM images of
samples C and E. In sample C, some variously sized amor-
phouslike regions [squares in Fig. 3(a)] were found at the
FePt/Cr interface. TEM-EDX at point A in Fig. 3(a) reveals
that most of the newly observed layer is Cr-rich FePtCr al-
loy. The structure of this alloy layer seems to be unrelated to
the Cr underlayer and the FePt magnetic layer. Therefore, the
FePtCr alloy impedes the epitaxial growth of L1, FePt(001)
in the Cr(002) direction. The FePtCr alloy formed an epitax-
ial barrier. Unlike in Fig. 3(a), good epitaxial growth at the
interfaces in the FePt/Pt/Cr trilayer was identified [Fig.
3(b)]. The orientations of the Cr underlayer, the Pt buffer
layer, and the FePt magnetic layer were determined to be
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FIG. 3. Cross-section TEM images of (a) sample C (FePt/Cr bilayer) and
(b) sample E (FePt/Pt/Cr trilayer).

(002), (001), and (001), respectively, indicating a good epi-
taxial growth from the Cr underlayer to the FePt magnetic
layer. No FePtCr alloy epitaxial barrier forms at the interface
when the Pt buffer layer is inserted. The lattice constant of Pt
is 3.92 A, between 4.08 A for Cr and 3.86 A for FePt, so the
intermediate Pt layer significantly reduce the strains at the
interface. Semicoherent interfaces and dislocations (black
and white arrows) were found in the FePt/Pt and Pt/Cr in-
terfaces that modulate the mismatch strain (3nergy.8’18 There-
fore, the epitaxial growth can continue over a long distance.

The AES depth profiles of samples C and E were exam-
ined to clarify the effect of diffusion at the interface. Figure
4 displays the results. The Cr atoms diffused into the FePt
layer in sample C, but not in sample E, revealing that the Pt
buffer layer acts an effective barrier to the diffusion of Cr
atoms into the FePt magnetic layer. Additionally, the diffu-
sion depth of Fe atoms exceeds that of the Pt atoms. The
Hume-Rothery rules'® demonstrate that the atomic size, the
crystal structure, and the electronegativity of Cr are similar
to those of Fe, but not to those of Pt, suggesting that the CrFe
alloy solidifies more easily than the CrPt alloy. Therefore,
the main alloy of the epitaxial barrier is FeCr, not CrPt.

In summary, L1, FePt thin films with highly perpendicu-
lar magnetic anisotropy can be successfully fabricated with
the inclusion of a Cr underlayer and a Pt buffer layer. The
epitaxial growth of the FePt/Pt/Cr trilayer structure is per-
fect. However, the FePt/Cr(002) bilayer structure cannot
produce the ordered L1, FePt with the (001) preferred orien-
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FIG. 4. AES depth profiles of (a) sample C (FePt/Cr bilayer) and (b) sample
E (FePt/Pt/Cr trilayer).

tation because the Cr atoms diffuse into the FePt magnetic
layer. A CrFePt epitaxial barrier forms at the interface. An
inserted Pt buffer layer impedes the diffusion of Cr atoms.
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