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The L1, ordered FePt is one of the most promising candidates for heat assisted magnetic recording (HAMR) media
due to its high bulk magnetocrystalline anisotropy energy constant K, of ~7 x 10" ergs/cc. For HAMR media, L1,
FePt-X(segregant) thin films must have high coercivity and small, uniform and columnar shape FePt grains. Various
segregants, such as C, TiO,, SiO, and etc. *® have been doped to FePt film to obtain desired properties. By doping
amorphous SiO, and TiO, can fabricate the (001) textured FePt films with columnar grains. However, these FePt films
exhibited poor perpendicular anisotropy because their phase separation tendency is too weak to isolate FePt grains in
the lateral direction”. FePt-C granular films realize high K, and well-isolated FePt grains with small grains. But the
doped C easily diffused to the surface at the relatively higher fabrication temperature of FePt films. This resulted in
second nucleation and the formation of double layer structure with increased media thickness®. In this work, we
successfully fabricated columnar structured FePt film with large coercivity by using FePt-C/FePt-SiO, bilayer structure.
Granular nanostructures and magnetic properties of FePt-C, FePt-SiO, and FePt-C/FePt-SiO, films have been
investigated.

Fig. 1(a) shows an XRD pattern of the FePt-C30vol%(4 nm)/FePt-SiO, 45vol%(4 nm) film. The wide background
peak between 17<and 35<corresponds to the amorphous glass substrate. The (001) and (002) peaks of the L1, FePt
structure are clearly observed with a missing (111) peak, indicating the FePt grains are strongly (001) textured. The high
degree of chemical ordering of L1, FePt manifests itself as a large integrated peak intensity ratio
A(FePtgo;)/A(FePto)=2.2. Fig. 1(b) shows the magnetization curves of the film. Coercivity of the out-of-plane direction
is about 28.5 kOe. Fig. 1(c) and (d) show the cross-sectional TEM bright field images of the film. It is evident that only
one layer of well-isolated columnar FePt grains which are about 10 nm in diameter and 13 nm in height is epitaxially
grown on the MgO intermediate layer. It can be seen that the FePt-SiO; layer is successfully grown on the FePt-C layer
without forming the second layer. Note that the 8 nm thickness of FePt-C/FePt-SiO, is thicker than the critical thickness
of FePt-C single-layer formation (4 nm). It means that the FePt-SiO, layer suppress the phase separation between FePt
and C.
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Fig. 1. (a) XRD pattern, (b) magnetization curves and (c), (d) cross sectional TEM images of FePt-C30vol%(4

nm)/FePt-SiO, 45vol%(4 nm) film.
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Heat Assisted Magnetic Recording (HAMR) media demands L1, FePt-X(segregant) thin films should have
small and columnar FePt grains with high coercivity. In this work, the influence factors to form the columnar
FePt grains were studied by using 3D phase field model based on Koyama’s model.”

Fig. 1 shows the 3D microstructure of the FePt-X thin films with increasing the film thickness (L1, FePt:
yellow, Al FePt: red, X: cyan). The simulated volume is 50x50x(t=2-10) nm® and using isotropic atomic
mobilities. The interfacial energy is 1.82 J/m?. Fig. 1(a) shows the morphology of the FePt-X thin films when t
is 2 nm, and the columnar FePt grains can be seen clearly. Fig. 1(b) shows the FePt-X microstructure when t is 5
nm. The bilayer FePt grains start to form and the interconnected FePt grains increase. Fig. 1 (c-d) shows that the
FePt grains are layer by layer or semi-spherical shape when the FePt-X thickness varies from 8 nm to 10 nm.

Fig. 2 shows the variations of 3D microstructure of the FePt-X thin films with the different mobility M,
values and the same mobility M,=M,,=1.0. The volume is 50x50x10 nm?. Fig. 2 (a)-(b) shows the number of
bilayers of FePt grains reduces when M, is decreased from 0.5 to 0.1. When M, continues to decrease to 0.01
and 0.001, the microstructure of the FePt-X thin films almost fully become the columnar shape as shown in Fig.
2(c) and Fig. 2(d). These results clearly demonstrate that selecting the materials with the anisotropic mobility of
atom diffusion as a segregant is vital to prepare the columnar microstructure of the FePt-X thin films.
References
1) T. Koyama, and H. Onodera, Mater. Trans, 44(8) 1523-1528, (2003).

()
Fig. 1 The variations of the FePt-X thin films Fig. 2 The FePt-X thin films microstructure with

microstructure with different film thicknesses: (a) 2  decreasing M, at t = 10 nm: (a) 0.5; (b) 0.1; (¢)
nm; (b) 5 nm; (c) 8 nm; (d) 10 nm. 0.01; (d) 0.001.
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Introduction Heat-assisted magnetic recording media has attracted much attention for future hard disk drive owing to
the high magnetocrystalline anisotropy of L1, ordered FePt(K,~ 7x10” erg/cm®)". In order to improve signal to noise
ratio, it is necessary to fabricate the medium in which the grains are magnetically isolated such as FePt-C based
granular film. For large perpendicular anisotropy, controlling the c-axis (002) orientation of the FePt, corresponding to
the magnetic easy axis, toward normal to the film is required. In general, the preferred crystal orientation of the FePt
can be adjusted by means of hetero-epitaxial growth from (002) textured MgO underlayer. However, it is reported that
the misalignment of the (002) grains normal to the film is caused by angular distribution of the MgO (002) orientation*
% Origin of the angular distribution is regarded due to the absence of the epitaxy growth of the MgO underlayer, which
is directly deposited on an amorphous film. In this study, method to suppress the angular distribution is proposed by
introducing a new concept of layered structure.

Concept of layered structure The proposed structure consists of the magnetic layer (ML)/under layer (UL)/seed layer
(SL)/ texture-inducing layer with amorphous structure (a-TIL) as shown in Fig.1. Developing the SL with having the
highly (002) texture-crystalline film, key idea of the concept, can be described when satisfying the high wettability of
SL on a-TIL. The liquid phase of sputtered atoms of the SL tends to spread out on the a-TIL before solidification. Since
the crystal terrace, evolved during solidification from liquid phase, possesses the largest surface area on the top surface
compared to the other surfaces, the main contribution to the sheet texture evolution results from the top surface. And
consequently, the large grain size with highly textured SL can be realized.
Typically, the condition of high wettability is defined as Young relation

written below ys. > ¥ty where ygp is surface energy of SL, yy, is W@W'\;ﬁ
interfacial energy, and y,.r_is surface energy of a-TIL. Since there is still | e |
I |

lack of information on y;,, expectation for high wettability by using the mz

interfacial energy is difficult. However, it can be rationalized by taking

into account the quantitative value between yg and .. Accordingly, Seed! S0 i

condition favorable for the high wettability can be a high value of ¥, e Z

and a lower value yg;. Thus, we have investigated to enlarge the grain size AR R R ;

of SL by changing the quantitative value of 7, ..  Texture inducing layer (TIL).
Experimental results CrMn and Cr-Ti were introduced as the SL and Fig. 1 Concept of layered structure for suppressing
a-TIL, respectively5 ). In order to enlarge the grain size of SL, two methods the (002) texture distribution of FePt-C medium.
were presented. (1) High wettability; changing the compositions of Cr-Ti 159 N1
a-TIL owing to the higher yz (2.570 J/m®) than y¢ (2.056 J/m%) . (2) I ]
Promoting the adatomic mobility of the SL; elevating the substrate S ° i
temperature. The film structure used in this study consists of CrMn L 10t ¢ i
(30)/Cry90xTix (20)/NigoTayp(2)/glass substrate. Substrate temperature was ; ® 1
elevated before CrMn deposition. The temperature varied from RT to 600 58 I '. °
°C. Ti composition (x) in the Cr ¢ Tiy a-TIL varied from 0 to 100 at.%. = 51 o'
Figure 2 shows the dependence of the full width of half maximum at § i ‘.~ ® |
CrMn (002) diffraction (FWHM o) on the grain diameter (GD) of the w
CrMn SL with various fabrication conditions of Cr-Ti TIL. The FWHM ¢,

I [ 1

degree of the angular distribution, was evaluated by rocking curve profile
(not shown in this abstract). The GD was estimated by Scherrer equation
using CrMn (110) diffraction measured by in-plane XRD. As shown in the ]

figure, the FWHM , decreases from 10.5 deg to 3.4 deg with increase of :ﬁg'grzaifzggﬁirﬁgi rMMr:V?f}de;i};eésdfﬁiTg;ﬁE
the GD from 11.4 nm to 15 nm. The result indicated that the remarkable  conditions of Cr-Ti TIL.

progress in reducing the one-third value of the angular distribution was

accomplished by increase of 3 nm of GD. It is expected that the epitaxy from CrMn, MgO to FePt-C can be improved

by introducing Cr-Ti a-TIL.

Reference 1) M. H. Kryder et al., Proceedings of the IEEE, 96, 1810 (2008). 2) S. Wicht et al., J. Appl. Phys., 114, 063906 (2013). 3) J. Wang
et al., Acta Mater., 91,41 (2015). 4)S.J. Jeon et al., J. Appl. Phys., 117, 17A924 (2015). 5) L. Z. Mezzy et al., Jpn. J. Appl. Phys., 21, 1596
(1982).
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Since the grain size of the recording media has to be reduced, a magnetic material with high K, must be applied for the
concern of thermal stability. However, high K, media require high writing field in order to write the information onto
the media. Due to the physical limitation where the maximum attainable head field is about 1.7 T ?, the writability of
such media becomes a challenge. In this work, by increasing FePt soft layer thickness in FePt-C/FePt exchange coupled
granular/continuous (CGC) perpendicular media, we successfully reduced the coercivity field from 4.9 to 1.4 T without
sacrificing thermal stability. Meanwhile, the switching field distribution (SFD) of the bilayer media also got significant
improved. Both of these advantages make FePt-C/FePt CGC media here a potential candidate for extremely high areal
density recording media which is writable meanwhile thermal stable.

FePt-C 10 nm/FePt X nm exchange coupled granular/continuous perpendicular bilayer films were DC magnetron
sputtered on single-crystalline MgO (001) substrates. Bottom hard layer was deposited by the co-sputtering using Fe, Pt
and C targets at a substrate temperature of 600°C under 0.48 Pa Ar while the top relative soft FePt layer was sequenced
co-sputtered at a lower substrate temperature of 400°C. The soft FePt layer thickness was varied from 2 to 15nm.

Figure 1 shows the in plane and cross-sectional TEM images of MgO(001)/FePt-C 10nm/FePt Xnm CGC
perpendicular bilayer films with different soft FePt capping layer thickness. Fig.1 (a) & (b) illustrate the TEM images of
single FePt-C 10nm layer without soft capping layer. One can see that the single FePt-C layer gives a well-isolated nano
granular structure with average grain size around 10.2 + 1.5 nm (Inset of Fig. 1a). For bilayer film with 5 nm capping
soft FePt layer, due to the inter-diffusion at FePt-C/ FePt interface, FePt grains grow larger with average grain size
around 12 nm and the capping soft FePt growth epitaxially on the top of each individual hard FePt grains forming
identical grains. Further increase the layer thickness to 10 or 15nm, one can detect soft FePt gains island on the top of
bottom FePt grains, finally forming continuous soft FePt layer which is typically CGC structure. On the other hand,
magnetization curves (Fig. 2) of the exchange coupled bilayer with various soft FePt layer thicknesses indicate that the
introduced capping soft FePt layer also holds perpendicular magnetic anisotropy (PMA) and can effectively reduce the
covercivity field Hc (4.9 to 1.4T) though direct exchange coupling at the FePt-C/ FePt interface. Furthermore, SFD
analysis with AH (M, AM) method ? shows that the direct exchange coupling at the interface can significantly narrow
the SFD (33% to 6%) by increasing soft FePt layer thickness. However, decline of SFD with 15nm capping soft FePt
layer can be attributed to the degradation of PMA.

Reference
1) Koji Matsumoto, Akhihiro Inomata, and Shin-ya Hasigawa, Fujitsu Scientific & Technical Journal 42, 158 (2006).
2) A. Berger, B. Lengsfield and Y. Ikeda, J. Appl. Phys., 99, 08E705. ( 2006).
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Fig. 1 In plane and cross-sectional TEM images of FePt-C10nm/FePt Fig.2  Switching field distribution and
Xnm exchange coupled media (Inset: FePt grain size distribution) corresponding out-of-plane magnetization curves of
FePt-C 10 nm/FePt X nm exchange coupled media.
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L1, ordered FePt nanogranular thin films are considered as one of the leading candidates for heat assisted
magnetic recording media [1] with areal density beyond 1 Tbits/in®. Considering the feature of its high
magnetocrystalline anisotropy, it is possible to fabricate thermally stable FePt particles with size down to 4 nm [2].
Hence, enormous efforts are being made to produce FePt grains with minimum size, high coercivity and columnar
growth with the aspect ratio of more than 1.5. However, to realize the nanogranular structure in FePt films, various
spacer materials such as C, SiO,, Al,O;, ZrO,, TiO,, Cr,0;, etc must be used. Although the spacer materials help to
reduce the grain size below 7 nm with narrow size distribution, the magnetic properties degrade due to reduction in
degree of L1, ordering and enhancement of misaligned FePt grains.

Therefore, in this study, we present FePt-C granular films deposited as graded layer structure with different C
volume fraction by co-sputtering FePt alloy and C targets on single crystalline (001) MgO substrate as a model system.
The graded structure was implied to suppress growth of randomly oriented grains on top of FePt granular layer [3] and
thickness of FePt-C film was optimized for obtaining a single layered structure with columnar growth. Crystal structure
and degree of L1, ordering were analyzed using X-ray diffraction (XRD) with Cu-K,, radiation (A = 1.54056 A).
Microstructure was characterized by using transmission electron microscope (TEM, FEI Technai F20 and F30). The
room temperature magnetic properties were measured by superconducting quantum interference device vibrating
sample magnetometer (SQUID-VSM) with an applied magnetic field up to £ 70 kOe.

The present investigation reveals that the average FePt grain size as shown in Fig.1 decreases with increasing
C volume fraction. The cross sectional TEM analysis confirmed the column growth of FePt grains without the
formation of second layer of FePt grain. A minimum grain size of around 6.5 nm and the pitch distance of 7.6 nm is
achieved with perpendicular coercivity of 4.4 Tesla (see inset of Fig.1). A systematic investigation on the effect of C
volume fraction and graded structure on the degree of ordering, microstructure refinement with columnar growth and
the resulting magnetic properties will be discussed in detail.

This work was supported by the Advanced Storage Technology Consortium (ASTC).
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Fig.1: Plane view TEM images of FePt-C thin films with different carbon volume fraction in graded structure. Room temperature M-H loops are

plotted in the inset.
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