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Abstract 

Recently hexagonal-BN (h-BN) / L10-FePt granular media has been proposed as an ideal candidate 

for next generation heat assisted magnetic recording (HAMR) media. The formation of crystalline 

h-BN at the FePt grain boundaries has resulted in significant enhancements to the sputtered 

media’s microstructural and magnetic properties. While it has been shown that high temperature 

and RF substrate bias are necessary to achieve highly crystalline h-BN at the grain boundaries, 

limited discussion has been given to the broader impact of substrate bias on the chemical ordering 

of FePt within this system. To further evaluate the influence of RF substrate bias on sputtered FePt 

/ h-BN granular media we have prepared several samples using different RF bias powers, 3 W / -

21 VDC to 8 W / -70 VDC, on Corning NXTTM glass substrates. It was observed that the L10 chemical 

ordering of the system decreased with increased substrate bias over the above range. This behavior 

was confirmed in the magnetization data which also reflected a reduction of the out of plane 

coercivity from 32 kOe to 10 kOe for the -21 VDC and -70 VDC substrate bias samples respectively. 

Additionally, energy dispersive spectroscopy (EDX) was used to probe the composition of the 

deposited h-BN / FePt films. This revealed a reduction in the Fe at% observed for all samples 

deposited with increased substrate bias. Relevant structural, microstructural, magnetic, and 

compositional data are presented below. 
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Introduction 

Recently the L10 FePt / hexagonal-BN (h-BN) system has attracted significant attention regarding 

its use for heat assisted magnetic recording (HAMR) media [1, 2, 3, 4]. Specifically, this system 

has yielded significantly improved grain aspect ratios and chemical ordering compared to other 

systems such as FePt / amorphous carbon (a-C) and FePt / various metal-oxides like TaOx and SiOx 

[5, 6, 7]. Additionally, the large out-of-plane thermal conductivity of h-BN, kh-BN = 0.60 ± 0.05 

W·m-1K-1, is believed to reduce down track thermal gradients in HAMR media, a key factor 

regarding improved bit density  [4]. While the FePt / h-BN system promises many enhancements 

over current HAMR media technologies, limited discussion has been given to its behavior on 

conventional glass substrates [2, 8]. Much of the pioneering work performed on FePt / h-BN 

investigated its behavior using doped Si substrates [1, 3, 4]. As discussed by C. Xu et al. the key 

to achieving FePt / h-BN granular media relies on the crystallization of BN into the hexagonal 

phase. To crystallize sputtered BN two conditions are generally required, high temperature, T > 

500 C, and a small substrate bias, typically VDC ~ -15 V [1].  

 

Therefore, when transitioning to glass substrates it is expected that the self-biasing behavior 

associated with an RF substrate bias will change the conditions necessary to achieve highly ordered 

and well crystallized L10 FePt / h-BN granular media. 

 

Additionally, we discuss the role of the RF substrate bias as it may relate to reverse sputtering 

processes. The threshold energies and experimental sputter yields of Fe and Pt atoms are 20 eV / 

3.4 atoms per ion and 25 eV / 3.0 atoms per ion respectively [9, 10]. This suggests that Fe atoms 

preferentially reverse sputter from the film surface near the voltages used to produce FePt / h-BN 

granular media. This results in films that are Pt rich. Pt enrichment of the deposited media may 

explain the reduced ordering seen for increased bias voltages within the FePt / C-BN system [8].   

 

Therefore, the presence of an RF substrate bias modifies the local chemistry of FePt thin films 

resulting in reduced chemical ordering. 

 

To further evaluate this claim, we present an experimental study investigating the chemical 

ordering of FePt / h-BN granular media deposited using different RF substrate bias voltages. 
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Samples were prepared at high temperature using magnetron sputtering and their magnetic, 

structural, and chemical properties were evaluated using various experimental techniques outlined 

below. It was found that samples deposited using low bias voltages, VDC ~ -21 V, resulted in good 

L10 chemical ordering and magnetic properties. However, as the bias voltage was increased the 

measured Fe content in the films decreased significantly leading to the appearance of an L12 FePt3 

phase. 

 

Methods 

Media samples of BN | FePt were sputtered onto a layered stack of MgO (8nm) | Cr (30nm) | a-Ta 

(5-10nm) | glass substrate using an AJA sputtering system, base pressure 1x10-8 Torr. All sputtering 

targets were composed of material of 3N purity or higher. For the media layer, composite targets, 

FePt (Fe 55 at% / Pt 45 at%) and BN (B 50 at% / N 50 at%), were co-sputtered to form the desired 

films. 

 

To form the necessary underlayers Ta was first deposited at room temperature onto Corning 

NXTTM glass substrates. The Ta surface was then exposed to O2 atmosphere (0.1 mTorr) for 1 

minute to help form (002) texture in the following Cr layer. Next, a 30 nm thick Cr layer was 

deposited at 280 °C to achieve a good (002) texture. To reduce surface roughness and attain large 

Cr grain sizes, the samples were then annealed at 700 °C for 1 hr. An 8 nm MgO layer was finally 

deposited at room temperature. The distance between targets and the substrate were roughly 

80mm.  

 

For the following media layers samples were preheated to T = 650 °C for 30 minutes before FePt 

and BN were co-sputtered using 6 mTorr of Ar. To start, a nucleation layer of 0.5 nm FePt was 

sputtered onto the MgO underlayer followed by 1 nm FePt (20W DC) + 34 vol% amorphous-BN 

(a-BN) (190W RF). The nucleation layer and 1nm FePt + a-BN remained the same for all 6 

samples.  

 

After the nucleation and coarsening stage described above, substrate biases were applied to the 

samples. The FePt target power was adjusted to achieve roughly the same BN fractions for all 

samples. Six samples using powers of 3 W to 8 W RF substrate bias were prepared, this 
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corresponded to DC voltages of -21 VDC to -70 VDC. To maintain the correct BN fractions 

deposition times were increased from ~ 7 mins (-21 VDC) to ~ 8.5 mins (-70 VDC). As outlined by 

C. Xu et al. the temperature and BN fraction within the film was gradually decreased. The 

temperature reduction helps annealing artifacts observed in thicker media. For reference, C. Xu’s 

16 nm media required ~ 11 – 13 mins to complete the media layer [3]. Noting that prior reports on 

thinner media, 11.5 nm [1], did not require a thermal gradient we decided to implement a 25 °C 

gradient in our samples. The final step in our process decreased temperature from T = 650 °C / 28 

vol% (4.5 nm) BN + RF bias to T = 625 °C / 24 vol% (7 nm) BN + RF bias resulting in a total film 

thickness of ~ 13 nm. 

 

Standard X-ray diffraction (XRD) with a Cu-Kα source was used to characterize the texture and 

ordering of all samples. The microstructure of the samples was evaluated using scanning 

transmission electron microscopy (STEM) and high-resolution electron microscopy (HRTEM). 

High angle annular dark field (STEM-HAADF) images are provided. All STEM data presented 

were collected using an FEI Titan Themis 200 while HRTEM data was collected on an FEI Tecnai 

F20. Compositional analysis was performed inside the STEM using a Thermo Fisher super-x 

energy dispersive spectroscopy (EDX) detector. Room temperature magnetic field measurements 

were performed using a Quantum Design Magnetic Property Measurement System (MPMS) with 

attached Vibrating Sample Magnetometer (VSM).  

 

Results and Discussion 

 
Fig. 1: XRD for samples deposited using marked RF substrate bias voltages. 
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Several samples of granular media containing approximately 28 - 24 vol% h-BN were deposited 

at different substrate bias powers. The corresponding XRD data is provided in Fig. 1. As shown, 

the (001) superlattice reflection of L10-FePt disappears and the ordered (002) peak shifts toward 

the disordered (200) peak with increased substrate bias voltage. The degradation of FePt ordering 

with increased bias voltages occurs monotonously. At lower voltages, -21 VDC and -25 VDC, a small 

(200) shoulder could also be observed suggesting a small fraction of either in-plane L10 or 

disordered FePt. As the bias voltage increased further, the diffracted intensities decreased 

significantly, suggesting a loss of (001) texture. 

 
Fig. 2: In-plane / out-of-plane coercive fields and integrated intensity ratios, I(001)/I(002), for the L10-FePt XRD peaks plotted as a 

function of applied substrate self-bias voltages (a). Saturation magnetization given as a function of substrate self-bias voltages 

(b). 

Room temperature in-plane and out-of-plane magnetization measurements have also been 

performed which confirmed a reduction of L10 ordering for increased bias voltages, see Fig. 2. 

Intensity ratios for the (001) and (002) type diffraction peaks are also provided in the figure. For 

reference, the ratio, I(001)/I(002), of integrated intensities for fully ordered L10 FePt should be ~4 

[11]. As shown, I(001)/I(002) decreases from ~2.5 to ~0.4 for the samples deposited at RF bias 
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voltages of -21 VDC and -47 VDC respectively. No superlattice peak was observed for the sample 

deposited using -70 VDC substrate bias. With decreased intensity ratios, the in-plane coercivity of 

the samples remained relatively constant for all bias voltages, HC < 5 kOe. The out-of-plane 

component decreased from HC = 31.8 kOe to HC = 2.4 kOe, roughly following the same trend 

observed in the diffraction data. This behavior further confirms that the deposited films exhibited 

reduced L10 ordering for increased bias voltages. Comparing again with Fig. 1, it is also apparent 

that increased RF bias voltage results in both poor texture and limited L10 ordering.  

 Calculations to determine the saturation magnetization (MS) of the samples were also 

performed, see Fig. 2 (b). The results presented here assumed an error of 500 μm when cleaving 

the square specimens for magnetic characterization. The relative volume fraction of FePt to BN 

was determined via analysis of plane-view STEM-HAADF images. As shown in Fig. 3 (a and c), 

the relative vol% of FePt grains changed significantly from ~ 60 vol% to ~ 50 vol% for the -21 

VDC and -70 VDC samples respectively. The density of FePt was taken to be 14.98 g/cm3 so that a 

mass could be associated with each sample. As shown, the results for low bias samples match well 

with existing literature regarding the saturation moment of ordered FePt [12]. Notably, a small 

recovery in MS is observed from ~ 35 emu/g to ~ 48 emu/g for the -32 VDC and -47 VDC samples 

respectively. This trend does not match with the measured ordering and coercivities shown in Fig. 

1 (a). 
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Fig. 3: Plane-view STEM-HAADF and corresponding HRTEM cross-sections for the samples deposited using -21 VDC (a and b) 

and -70 VDC (c and d). Labels for Cr, MgO, and FePt / h-BN layers are representative for both (b) and (d) HRTEM images.  

To further probe the ordering and texture of films deposited using large bias voltages, a TEM 

survey was performed. Fig. 3 (a and c) shows plane-view STEM-HAADF images of the -21 VDC 

and -70 VDC
 samples respectively. With increased bias potential the FePt grain structure tends 

toward large distant grains separated by many smaller grains with wide grain boundaries. As 

mentioned, the amount of FePt decreased roughly 10 vol% from 60 vol% (-21 VDC) to 50 vol% (-

70 VDC).  To further confirm the loss of texture discussed above cross-sections for the samples 

deposited using -21 VDC and -70 VDC substrate bias are provided, see Fig. 3 (b and d). At elevated 

bias conditions, VDC < -41 V, the MgO layer is etched away. This degrades the (001) texture of the 

samples. The thickness of the MgO layer reduced from ~ 8 nm to ~ 5 nm for the -21 VDC and -70 

VDC samples respectively. Here, it should be noted that the process for all films was identical up 

to the FePt / a-BN coarsening step, any change in the MgO layer or FePt microstructure can be 

attributed to the applied bias. At lower bias settings, -21 VDC shown in Fig. 3 (b), the samples are 
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single layer and show a well isolated grain structure. This behavior is consistent with the XRD 

data which showed a significant decrease in the diffracted intensities for elevated bias settings.   

 
Fig. 4: Fe content within the deposited films as determined via EDX taken across a 3μm x 3μm field of view. Relevant 

equilibrium phases are provided in the figure, FePt (red) and FePt3 (blue) (a). STEM-HAADF showing the existence of an L12 

FePt3 phase in the film deposited using -70 VDC RF substrate bias (b). 

Additional EDX measurements were conducted to characterize the Fe / Pt content of all samples. 

Spectra obtained over a 3μm x 3μm field of view of the granular films were analyzed using a Cliff-

Lorimer method. Stock k-factors, provided within Velox software, of KFe = 1.00 and KPt = 1.76 for 

the Fe-Kα and Pt-Lα peak were used to compute relative Fe/Pt concentrations. Additional 

calculations for Fe/Pt content were performed using the k-factor KPtFe = IFe/IPt = 0.80 ± 0.02 cited 

by [13, 14], however, these measurements appeared to overestimate the Fe content of the deposited 

films; the sputtering target used in these experiments contained just 55 at% Fe. Fig. 4 (a) shows 

that the observed Fe content in the deposited media decreases significantly at increased bias 
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voltages with a small recovery near the -41 VDC sample. At sufficiently high bias voltages the 

equilibrium microstructure could exist as a mixture of FePt-FePt3, or in the case of the sample 

deposited using -70 VDC bias, be largely FePt3. The STEM high angle annular dark field (STEM-

HAADF) image provided in Fig. 4 (b) shows a region of the -70 VDC sample that has ordered to 

the L12 FePt3 phase, confirming that higher bias voltages result in reduced Fe content [14].  

 

The reduction of Fe content for increased bias voltage is likely associated with the different 

threshold energies of Fe and Pt atoms in the deposited film. The threshold energies of either atom 

for incident Ar ions are 20 eV and 25 eV respectively [9]. Since the FePt layer is sufficiently thin 

there is no depth at the film surface to accommodate the different sputter yields of either atom, 3.4 

and 3.0 atoms per incident ion for Fe and Pt respectively [10]. As a result, the weakly bound Fe 

atoms are preferential reverse sputtered leaving behind a grain structure that is largely Pt rich, a 

trend also observed for similar Cu-Pt and Ni-Pt systems [10]. Interestingly, the small recovery in 

Fe at% seen at -41 VDC likely indicates that the Pt threshold voltage of this system has been 

reached. Beyond ~ -35 to -40 VDC substrate bias the Pt also begins to experience the reverse 

sputtering effect and both atoms are removed from the film surface. This results in the small 

recovery in Fe at% seen for the sample deposited using -41 VDC substrate bias, see Fig. 4 (a). As 

further confirmation of this effect, a similar recovery in MS at -41 VDC can also be observed in Fig. 

2 (b).  

 

Interestingly, the onset of Pt reverse sputtering appears to be coupled with the degraded 

microstructure shown in Fig. 3 (d). This suggests that at sufficiently low bias voltages the Pt atoms 

that remain within the grains preserve the microstructure of the deposited films. Once Pt atoms 

begin to reverse sputter from the deposited film the microstructure reorganizes, likely to due to a 

redeposition process, into the disordered microstructure shown in Fig. 3 (d). This indicates that 

there is a very small region, roughly -21 VDC to -40 VDC, where the composition and ordering of 

deposited films can be controlled via RF bias without destroying the microstructure / texture of 

the deposited films.  

 

Conclusion 
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We have observed a reduction in Fe content within FePt / h-BN granular media for increased RF 

substrate bias voltages over the optimal condition. The reduction of Fe content within the films 

resulted in decreased L10 ordering and degraded magnetic properties. This effect can be attributed 

to slightly different threshold binding energies of either Fe or Pt atoms within this system. At low 

bias voltages the Fe is preferentially reverse sputtered away from the film surface resulting in Pt 

rich media with good texture and microstructure. Once a threshold voltage of roughly -41 VDC is 

reached both atoms are reverse sputtered from the film surface. The resulting texture and 

microstructure of the media degrades significantly with further increase to the applied substrate 

bias. At sufficiently high bias voltages, VDC ~ -70 V, an L12 FePt3 phase appears. The existence of 

FePt3 serves as further evidence that substrate bias preferentially targets Fe atoms. In general, we 

find that an Fe deficiency within the deposited media can be controlled in-situ using RF substrate 

bias. The reduced Fe content within the FePt media has resulted in the loss of L10 ordering. 

Although L10 ordering degrades for low bias voltages, significant changes to the film 

microstructure are not observed until the threshold voltage for Pt atoms has been reached and both 

atoms reverse sputter from the film surface.   
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