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A study of fabrication process for L10 FePt based HAMR media  
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The effect of the fabrication process on magnetic, textural, and microstructural properties of the L10 ordered FePt HAMR media 

with basic structure of NiTa/MgO/X/FePt-C/FePt-SiO2 was investigated. Compared to the one-step heating process, both post 

annealing and two-step heating processes enhanced the chemical ordering of FePt. The two-step heating sample demonstrated 

improved lateral grain isolation and smaller grain sizes. Results suggested that the higher deposition temperature could improve the 

phase separation of FePt and SiO2, thus improving the microstructure of FePt based granular films. Diffusion of Ta from NiTa 

seedlayer into MgO underlayer was also observed causing the amorphization of the MgO near the NiTa/MgO interface.   

 
Index Terms— HAMR, L10 ordered FePt, thermal treatment, microstructure   

 

I. INTRODUCTION 

HE areal density of hard disk drives (HDD) is constantly 

increasing to accommodate the ever increasing demands 

for information storage.  To further increase the recording 

areal density, new technologies are required to replace the 

current Perpendicular Magnetic Recording (PMR) in order to 

resolve the so-called “media design trilemma” involving the 

tradeoff among signal-to-noise ratio (SNR), thermal stability, 

and writability which on the whole limits the achievable areal 

density. New recording schemes such as microwave assisted 

magnetic recording (MAMR) [1] and heat assisted magnetic 

recording (HAMR) [2] have been proposed. HAMR is one of 

the highly promising candidates that could replace PMR as the 

next generation of magnetic recording technology. As such, 

the hard disk drive industry has put in much resources and 

efforts in trying to realize HAMR as the next generation 

recording scheme. L10 ordered FePt is seen as the most 

promising candidate for HAMR application due to its high 

magnetic anisotropic energy (KU), which ensures the thermal 

stability as the bit size and grain size become smaller. L10 

ordered FePt could be obtained either by depositing the films 

at high temperature and/or going through a post-annealing 

process after film deposition [3-4]. From application 

viewpoint, FePt based granular film with small well-isolated 

columnar grains is required. The microstructure control of the 

FePt based granular film has been reported by many research 

groups [5-12]. In general, grain isolation was achieved by 

fabricating FePt based composite films with a variety of 

additives such as, SiO2, MgO, Al2O3, C, etc. The most suitable 

doping material that could give well-isolated grains is C. 

However, in order to have small grain sizes, high volume 

percentage of C needs to be added into the film that would 

lower the magnetic moment and thus the SNR of the granular 

film. Although increasing the granular film thickness could 

increase the magnetic moment, in doing so secondary 

nucleation will occur once the FePt-C granular film reaches a 

significant thickness [7]. The spherical and magnetically soft 

FePt grains resulting from the secondary nucleation will 

deteriorate media recording performance. Using oxides as the 

doping material can obtain columnar grains at thicker granular 

film thickness. However, the grain size is normally too big and 

the lateral grain isolation is poor for media application [13-

15]. By taking the advantages of both oxides and C and 

utilizing both these doping materials together, a desired 

microstructure could be obtained with the FePt-C/FePt-oxide 

double-layered structure using FePt-C layer as the template to 

improve the lateral grain isolation of the FePt-oxide layer 

growth on top [16]. Secondary nucleation was observed when 

using FePt-SiO2 as the top layer with increasing granular film 

thickness. Columnar grain structures were observed for 

double-layered structure with FePt-TiO2 as the top layer. The 

magnetic properties however deteriorated due to the 

suppression of the L10 ordering. Most of the previous 

experimental works were conducted on home-designed sputter 

systems, where both the substrate heating and film deposition 

required significantly long periods of time. In our present 

work, FePt based granular films were prepared by industry 

compatible sputter system where the duration of the heating 

and deposition processes were within several seconds. We 

investigated the effect of the different fabrication processes on 

the magnetic, textural, and microstructural properties of FePt-

C/FePt-SiO2 granular films with a total film thickness about 

10 nm.   

II. EXPERIMENTAL DETAILS  

 
A series of samples with layer structure of Glass 

disk/NiTa/MgO/X/FePt-C 15 vol.%/FePt-SiO2 15 vol.% were 

prepared using an Intevac 200 Lean sputter system. The FePt-

C granular layer was used as the template followed by a FePt-

SiO2 granular layer. FePt based composite films were prepared 

T 

 
Fig.1. Layer structure of the FePt based HAMR media fabricated by different 

processes  
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by using the Triatron station via co-sputtering process [17]. 

The media structure and the fabrication process were shown in 

Fig. 1 while the heating processes were indicated by arrows 

which occur just prior to their respective deposition processes. 

For one-step heating sample, the NiTa and MgO layers were 

deposited at room temperature, the disks were then heated to 

450ºC and an ultrathin X layer was deposited to improve the 

texture of MgO underlayer for the growth of L10 ordered FePt. 

The disks were heated up again to about 700ºC for the 

deposition of FePt based composite films. For the post-

annealing sample, one additional heating process was 

performed after the deposition of the FePt-C/FePt-SiO2. Our 

previous results showed that the drop in substrate temperatures 

during the deposition of FePt composite films could result in 

the deterioration of the chemical ordering of FePt [18]. For 

two-step heating sample, after deposition of the first FePt-C 

layer, the disk was heated up again before the deposition of 

the FePt-SiO2 layer. Both FePt granular layers were deposited 

at the substrate temperature about 700ºC. The heating 

processes were conducted at heating stations just before the 

respective deposition stations with durations of about 10 

seconds. 

The microstructure of the FePt based granular films was 

investigated by using X-Ray diffractometer (XRD) and 

Transmission electron microscopy (TEM). For cross-sectional 

TEM sample preparation, additional C and NiTa layers were 

coated on top of FePt based granular layer at room 

temperature. The superconducting quantum interference 

device (SQUID) was used to measure the magnetic properties 

of the granular films. 

III. RESULTS AND DISCUSSIONS  

Figure 2 (a) shows the XRD patterns of the samples 

prepared by different processes. The formation of the (001) 

textured MgO underlayer was indicated by the MgO (200) 

diffraction peak. The diffraction peaks of FePt (001) and (002) 

were observed for all the samples, which indicated the 

epitaxial growth of the FePt on MgO underlayer and the 

formation of the L10 ordered FePt. The diffraction peaks from 

FePt (200) and a very small but noticeable contribution from 

FePt (111) were observed, suggesting the existing of the soft 

phase and the misalignment of the c-axis in the FePt films. 

Compared to the one-step heating sample, an increase of the 

FePt (001) diffraction peak intensity was observed for both the 

post annealing and two-step heating samples. The increase of 

the peak intensity suggested the improved chemical ordering 

of the FePt. The ordering degree of the samples was compared 

by the ratio of the I (001)/I (002), where I (001) and I (002) is 

the integral intensity ratio of FePt (001) and FePt (002) 

diffraction peaks, respectively. The ratio of I (001)/I (002) 

increased from 1.29 (one-step heating) to 1.40 (post 

annealing) and 1.47 (two-step heating), respectively. Results 

confirmed the improvement of the chemical ordering with 

additional thermal treatment (post annealing) or the deposition 

of the FePt-SiO2 layer at a relatively higher temperature (two-

step heating). Fig. 2 (b) and (c) give the rocking curve 

measurement results of MgO (200) and FePt (001) for samples 

prepared by different processes. The full width half maximum 

(FWHM) values of MgO (200) for all the samples were about 

3.7º, which indicated that the well (200) textured MgO layer 

was formed and the additional thermal treatment showed little 

impact on it. The FWHM values of FePt (001) were about 4.2º 

for all the samples, which implied a good epitaxial growth of 

FePt (001) on (200) textured MgO layer.  

 

 
Figure 3 (a)-(c) shows the M-H loops of samples prepared 

by different processes. The value of out-of-plane coercivity for 

one-step heating sample was 19.2 kOe, while the coercivity 

increased to 19.8 kOe for post annealing sample and to 21 kOe 

 

 
Fig.2. XRD patterns (a) and rocking curve measurements for MgO (200) (b); 
and FePt (001) (c); of the FePt based HAMR media fabricated by different 

processes  

 
Fig.3. M-H loops (a)-(c) and the out-of-plane and in-plane coercivity 

variation (d) of FePt based HAMR media fabricated by different processes 
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for two-step heating sample. The increase of the out-of-plane 

coercivity was consistent with the XRD results although large 

openings of the corresponding in-plane hysteresis loops were 

also observed for all samples. The summary of in-plane and 

out-of-plane coercivity as a function of the different processes 

was shown in Fig. 3 (d). The in-plane coercivity increased 

from 7.3 kOe for one-step heating sample to 7.6 kOe for post-

annealing and 8.5 kOe for two-step heating samples.  The in-

plane opening was attributed to the existing soft phase and the 

misalignment of the c-axis of the L10 ordered FePt, indicated 

by the diffraction peaks from FePt (200) and (111) from XRD 

measurement results. 

 
Figure 4 (a)-(c) illustrated the corresponding in-plane TEM 

images for all the samples. From in-plane TEM images, the 

microstructure of the one-step heating sample showed large 

grain size and the lateral interconnection of the grains. The 

post annealing treatment further increased the grain size and 

grain interconnection together with the much wider grain 

boundaries. The results suggested that the phase separation 

between FePt and SiO2 had improved. However, the initial 

lateral grain isolation was so poor that the phase separation 

resulted in the accumulation of SiO2 and the further growth of 

the FePt grains, instead of confining the grain growth. The 

two-step heating sample showed much better lateral grain 

isolation and the smaller grains, although there were still 

grains interconnected. The only difference between the one-

step and two-step heating sample is the second FePt-SiO2 

layer was deposited at a relatively higher temperature. The 

dramatic change of the microstructure implied that the disk 

temperature (heat energy) could be an important driving force 

of phase separation to obtain the desired microstructure for 

FePt based granular films. The cross-sectional TEM images 

for all the samples were shown in Fig. 4 (d)-(f). The additional 

X layer deposited between the MgO and FePt layers was too 

thin to be traceable by XRD and TEM, it was also below the 

detection limit in EDX. Therefore, the FePt based composite 

films in present work were treated as directly grown on top of 

MgO underlayer. It can be seen that although the FePt 

granular films were prepared using the double-layered 

structure, only a single granular layer was observed and no 

secondary nucleation was present. The formation of the single 

granular layer without secondary nucleation for 10 nm thick 

film was due to the larger lateral grain size of the films. It can 

be seen that the contact angle between FePt grains and the 

MgO underlayer is large, which is due to the different surface 

energies of FePt (2.9 J/m
2
) and MgO (1.1 J/m

2
) [7]. In order to 

have columnar grains with high grain aspect ratio, either the 

surface energy of MgO layer need to be modified, or new 

underlayer materials need to be developed to replace MgO.  

From the results mentioned above, we noticed that both the 

FePt (001) and MgO (200) texture were well developed. 

However, the out-of-plane coercivity was only about 20 kOe 

and there was a big in-plane opening in all the samples. In 

order to find out the reasons, the HRTEM images were used to 

check the quality and the epitaxial growth relationship of MgO 

and FePt layers.  

 
Figure 5 illustrates the HRTEM images and the 

corresponding selected area electronic diffraction (SAED) 

patterns of those three samples. The HRTEM images showed 

the matching of the atomic planes across the FePt and MgO 

interface and the SAED patterns showed the epitaxial growth 

relationship of FePt (001) <100>//MgO (001) <200> for all 

the samples. The post annealing (Fig. 5(b)) and two-step 

heating (Fig. 5(c)) samples showed a better epitaxial growth of 

FePt (001) compared to that of the one-step heating (Fig. 5(a)) 

sample. However, poor epitaxial growth relationship was also 

found in some grains of post annealing and two-step heating 

samples. Fig. 5 (d) gave one example for two-step heating 

 
Fig.5. HRTEM image of the FePt based HAMR media fabricated by one-step 
heating (a); post annealing (b); and two-step heating (c) and (d). The inset 

figures are the selected area electron diffraction patterns of the films. 

 
Fig.4.  TEM images of FePt based HAMR media fabricated by one-step 

heating (a), (d); Post annealing (b), (e); and Two-step heating (c), (f). 
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sample. The interface between the NiTa seedlayer and MgO 

underlayer was not as sharp, especially for samples that went 

through additional thermal treatment. The EDX line profile for 

two-step heating sample showed a significant Ta diffusion into 

the MgO underlayer. The diffusion of the Ta resulted in the 

formation of the partially amorphous MgO and the 

deterioration of the MgO texture near the NiTa/MgO interface. 

The thickness of this region was about 2 nm for two-step 

heating sample. The results were consistent with the fact that 

the minimal thickness of MgO required for in-line sputter 

system was much thicker than home-made sputter system with 

the deposition temperature lower than 600ºC, where 2 nm 

thick MgO interlayer could be used to induce the FePt (001) 

texture [19]. The diffusion of the Ta deteriorated the quality of 

MgO near the NiTa/MgO interface, but not the texture of the 

MgO layer. From thermal control viewpoint, if the thinner 

MgO layer is needed for higher thermal gradient, the diffusion 

of the seedlayer has to be controlled or a new seedlayer 

material needs to be developed. We also noticed that the 

surface of the MgO layer was not flat with certain locations 

showing rough surfaces. There was no direct evidence 

indicating that the interface roughness was due to the diffusion 

of the Ta into the MgO layer. However, more defects were 

observed for FePt grains grown on top of these rough 

locations based on the STEM images (not shown here). The 

observed defects included the dislocations existing in FePt 

grains and at MgO/FePt interface. Some of the dislocations in 

FePt grains originated from the MgO underlayer. The details 

about the defects will be discussed in another paper.  

IV. SUMMARY 

We have investigated the effect of the different fabrication 

processes on magnetic, structural and microstructure of the 

FePt double-layered structure. The XRD results demonstrated 

the formation of the well (200) textured MgO layer and (001) 

textured FePt layer with small mosaic distribution for all the 

samples. The diffusion of the Ta from the NiTa seedlayer into 

the MgO underlayer was observed, which caused the partial 

amorphization of the MgO near the NiTa/MgO interface. The 

HRTEM images illustrated the localized rough FePt/MgO 

interface in certain locations, the texture and the orientation of 

the FePt grains grown in these regions were affected and 

dislocation in some of the FePt grains were observed.  

The two-step heating process improved both the chemical 

ordering and the grain isolation of FePt based composite film. 

Although the volume fraction of the doping material in current 

work was relatively low, the microstructure development of 

the double-layered structure indicated that the disk 

temperature could provide the driving force for phase 

separation of FePt and SiO2. The results were helpful in 

improving the microstructure of the FePt based granular film 

for HAMR application.  
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