
Equiatomic CoPt thin films with extremely high coercivity 

 

Binni Varghese
1
, S.N. Piramanayagam

1
, Yi Yang

1
, Seng Kai Wong

1
, Hang Khume Tan

1
, 

Wee Kiat Lee
1
, and Iwao Okamoto

2 

1. Data Storage Institute, (A*STAR) Agency for Science, Technology and Research, DSI 

Building, 5, Engineering Drive 1, Singapore 117608 

2. Western Digital Corporation, 638552, Singapore 

 

Abstract 

In this paper, magnetic and structural properties of near-equiatomic CoPt thin films which 

exhibited a high coercivity in the film-normal direction - suitable for perpendicular magnetic 

recording media applications - are reported. The films exhibited a larger coercivity of about 

6.5 kOe at 8 nm. The coercivity showed a monotonous decrease as the film thickness was 

increased. The TEM images indicated that the as fabricated CoPt film generally consists of a 

stack of magnetically hard hexagonal-close-packed phase, followed by stacking faults and 

face-centred-cubic phase. The thickness dependent magnetic properties are explained on the 

basis of exchange-coupled composite media. Epitaxial growth on Ru layers is a possible 

factor leading to the unusual observation of magnetically hard hcp-phase at high 

concentrations of Pt.  

 

 

  



Media trilemma, the challenge of meeting conflicting requirements such as signal-to-noise 

ratio, thermal stability and writability, is an issue associated with current granular recording 

media technology for hard disk drives [1-5]. The thermal stability can be overcome by 

making use of materials with a high perpendicular magnetic anisotropy or by patterning the 

recording media [6-12]. While fabrication of patterned media by mass-production is 

challenging, writability of high Ku materials require methods such as heat-assisted writing, 

micro-wave or electrical field assisted writing [13-18]. These methods are very challenging 

and research is being carried out extensively to achieve mass-manufacturable devices. As an 

alternative, it is useful to extend the areal density of current technology using materials 

approach or other means. In this sense, materials based on CoPt with higher Pt content are 

ideal choices to extend the thermal stability, as they can be made without much difference in 

the manufacturing process. They can be used in association with other layers, such as in a 

segmented perpendicular media, to extend the media trilemma limit. [14] 

CoPt system has been studied for a long time in various forms and for various applications 

[19-25]. Although Pt concentrations in commercial recording media is typically below 20 

at%, literature reports indicate that the anisotropy constant peaks at around 25-30 at%. The 

decrease of anisotropy beyond 30 at% of Pt has been reported to be due to the formation of 

face centred cubic (fcc) structure, which has a lower anisotropy constant [19]. At equiatomic 

compositions, an ordered CuAu type (L10) CoPt is formed at above 600 °C. Although L10 

ordered CoPt has strong out-of-plane magnetic anisotropy with large coercivity (Hc), the high 

temperature required to form this ordered phase poses significant challenges for its 

application in hard disk drives [20,21]. In addition, L10 CoPt requires a totally different 

approach to media design and the recording aspect of it. Moreover, for similar values of 

anisotropy constant, FePt is a better choice as it has a lower ordering temperature, lower 

Curie temperature and higher magnetization. It has been reported that metastable L11 CoPt 



phase with large out-of-plane anisotropy can be formed even at ~300 °C [21-25]. However, 

the reported values of Hc in L11 CoPt is too small and the microstructure is not well studied.  

We have carried out systematic studies on CoPt thin film of near equiatomic composition and 

have observed large Hc values (6.5 kOe), by sputter deposition at 350 °C. The nucleation field 

(Hn) of the prepared CoPt film (8 nm thick) is close to 6 kOe. These results are interesting as 

high coercivity in CoPt alloy has not been reported for Pt content higher than 30 at% [26-28]. 

We demonstrate that this observation is due to the growth of thin CoPt layers with hcp 

structure.   

 The samples were prepared on 65 mm glass disk substrates by DC magnetron 

sputtering using Intevac Lean 200 sputtering machine. The CoPt layer was deposited at 

various conditions on typical seedlayers (Ru1- ruthenium deposited at a low pressure and 

Ru2- ruthenium at high pressure) of perpendicular recording media [1]. A sputtering target 

with elemental composition Co45Pt55 was used for CoPt film deposition. The samples were 

characterized using polar Kerr magnetometry (MOKE), X-ray diffraction (XRD), magnetic 

force microscopy (MFM) and transmission electron microscopy (TEM).  

At first, CoPt samples were prepared at various temperatures. Both Ru1 and Ru2 layers were 

maintained to have thickness of 10 nm. The sputtering gas pressure for CoPt deposition was 5 

mTorr. Figure 1(a) shows typical MOKE hysteresis loops of 12 nm thick CoPt samples 

deposited at room temperature to 450 °C. The room temperature sample showed a hysteresis 

loop with a small Hc value, which is typically a characteristic of disordered fcc CoPt thin 

film. In contrast, the hysteresis loops of samples prepared at T ~ 250 °C and above displayed 

out-of-plane anisotropy with Hc and Hn values of a few hundred Oe. The hysteresis loops are 

very similar to those reported on L11 CoPt systems [20-23]. However, the absence of 

L11(111) peak at about 21 degrees in the -2 XRD scans (not shown here) ruled out the 



possibility of L11 phase in these samples. At high temperatures, (about 450 °C), the Hc and 

Hn were further reduced indicating the absence of any superstructure phase in these samples. 

{Figure 1} 

In order to tailor the microstructure of the samples and to see if coercivity can be improved, 

samples were made by varying the thickness of Ru1 and Ru2 layers and sputtering gas 

pressure for the recording layer. Only one parameter was varied at a time. The thickness of 

Ru1 did not play a major role beyond 10 nm thickness. This is understandable as the role of 

Ru1 is to develop hcp(00.2) texture and 10 nm of Ru1 is enough to achieve this purpose. On 

the other hand, a thick Ru2 layer (20 nm) was found to be essential for achieving higher Hc 

and Hn. Both Hc and Hn increased almost linearly with Ru2 layer thickness until 20 nm. In 

conventional granular perpendicular magnetic recording media, the role of Ru2 is to induce 

segregation in the magnetic recording layer. As the conventional media are prepared at room 

temperature, about 10 nm of Ru2 is sufficient to achieve segregation. However, as our 

samples are deposited at elevated temperature, thicker Ru2 is needed to achieve the desired 

morphology. The trend of Hc on Ru2 thickness indicated that the control of microstructure 

could help increase the coercivity. Therefore, it was thought that the argon gas pressure 

during deposition of CoPt would also have a predominant effect on the magnetic properties of 

the film. Fig. 1(b) shows plots of Hc and Hn as a function of the process pressure during the 

deposition of 12 nm thick CoPt film at 350 °C. It can be noticed that the Hc increases from 

1.5 kOe to about 5.3 kOe as the process pressure was increased from 5 mTorr to 96 mTorr. 

Hn was also found to increase with process pressure.  

 

As this observation of high Hc and Hn was quite unusual, we decided to carry out study on 

thickness dependence of CoPt film on the magnetic properties for further understanding. 



Figure 2 (a) shows the hysteresis loop of 8 nm thick CoPt film. It can be noticed that, under 

optimized conditions, a very high Hc and Hn of more than 6000 Oe can be achieved for the 8 

nm thick CoPt film. This coercivity is significantly higher than that reported for L11 CoPt 

films, prepared at similar temperatures [20-28]. Figure 2(b) displays the values of Hc and Hn 

as a function of thickness. The 8 nm thick CoPt film exhibited the highest Hc and Hn values 

among the different samples studied. Above 8 nm, both Hc and Hn decreases with thickness.  

 {Figure 2} 

Previous studies have pointed out that the large atomic size of Pt causes lattice expansion 

resulting in an internal stress and crystallographic defects such as the presence of stacking 

faults [28]. Pt content in excess of 30 at% has been reported to show a reduction in Ku [26, 

27]. Therefore, it is surprising that such high values of Hc and Hn are observed. The high Hc 

value of the CoPt thin film deposited at 350 °C appears to indicate the the presence of phases 

other than the disordered fcc structure. XRD investigations did not give a conclusive 

evidence of high-anisotropy hcp-CoPt phase as there is a possibility of CoPt peak 

overlapping with Ru peak. Simple calculations based on the literature values of lattice 

parameters in Co1-xPtx systems support this possibility [19]. Therefore, cross-section 

transmission electron microscopy (TEM) measurements were carried out to look at the 

possibility of hcp-CoPt phases. Figure 3 shows a typical cross-section TEM image of 24 nm 

thick CoPt sample. 

{Figure 3} 

It can be noticed from figure 3 that the CoPt sample, indeed, consists of a hcp-phase at the 

bottom and fcc-phase at the top and a region marked with stacking faults. The regions are 

marked by boxes a, b and c. Figure 3 also shows the zoomed in images of stacking fault 

(region a) and FFT images of hcp (region b) and fcc phase (region c). The observed thickness 



dependent magnetic properties of the CoPt films can also be explained on the basis of the 

TEM results. The CoPt film can be modelled as a bilayer structure with magnetically hard 

hcp phase at the bottom and magnetically soft fcc phase on top. The 8 nm thick samples 

comprise mainly the magnetically hard metastable hcp phase and exhibit relatively high Hc 

and Hn values. In thicker samples, the presence of a thick soft fcc layer give rise to lower Hc 

and Hn values. The magnetization reversal in such CoPt film may be similar to the 

mechanism in composite media with exchange coupled soft and hard magnetic layers or 

graded media [29-32].  During magnetic reversal, the soft magnetic layer would switch first 

and exert torque on the hard magnetic layer, which will eventually reduce Hc and Hn values 

of the thick CoPt thin film media. The high Hc CoPt film, as investigated in this study, could 

have significant application in the next generation magnetic recording media and magnetic 

random access memory. 
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Figure Captions 

Fig. 1: (a) MOKE hysteresis loops of 12 nm thick CoPt thin films deposited at various 

temperatures and (b) Dependence of Hc and Hn as a function of argon sputtering gas pressure 

during the deposition of 12 nm thick CoPt films.   

Fig. 2: (a) MOKE hysteresis loops of 8 nm thick CoPt films deposited at 350 °C (b) 

Dependence of Hc and Hn, on thickness of the CoPt film. 

Fig. 3: Cross-section TEM image of 24 nm thick CoPt film deposited at 350 °C. (The 

suffices SF, HCP and FCC represent stacking fault, hexagonal close packed and face-centred 

cubic respectively) (a) Zoomed-in image of region a, showing the stacking faults, (b) FFT of 

region b showing the presence of fcc phase at the top and (c) FFT of region c showing the 

presence of hcp phase at the bottom 
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Fig. 3 


