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Cover letter to the manuscript titled “CoPt/TiN films 
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magnetic media” 

Corresponding author: János Szívós. Institute: Institute for Technical Physics and Materials 

Science, Centre for Energy Research, Hungarian Academy of Sciences. Mailing address: H–

1121 Budapest, Konkoly-Thege M. út 29–33. E-mail: szivos.janos@energia.mta.hu, phone: 

+36-1-392-2222/1876. 

Other authors: Szilárd Pothorszky, Jan Soltys, Miklós Serényi, Hongyu An, Tenghua Gao, 

András Deák, Ji Shi, György Sáfrán. 

 

Applied Surface Science is in a focus of many chemists, engineers, physicists and biologists 

who work on the field of nanoscale science and nanotechnology. Our paper is appropriate for 

Applied Surface Science, because a novel and general (applicable to wide variety of material 

surfaces and thin films) nanopatterning technique proposed by the authors eariler, is applied 

here to successfully fabricate dot-patterned CoPt thin films exhibiting perpendicular 

magnetism. The manuscript topic fits nicely to the accommodated topics as it deals with 2D 

assembly and nanopatterning of sputter deposited magnetic CoPt thin films. Our results can 

be considered as a possibility to realize Bit Patterned Media (BPM). Thus, our paper should 

be of service for researchers interested in fabricating ordered nanopatterns, in particular 

perpendicular magnetic dot-patterned thin films. Moreover, the technique applied in this 

paper can easily be scaled to industrial throughput and it is relatively cheap. 

Cover Letter
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Highlights 

 A novel nanopatterning technique proposed recently is applied to CoPt thin films 

 CoPt films are transformed to L10 structure both before and after nanopatterning 

 Dot-patterned CoPt films with surface-perpendicular magnetic easy axis were obtained 

 Feature size can be reduced to <20nm and possible to scale to industrial throughput 

 Our work can be considered as a possibility to realize Bit Patterned Media (BPM) 

*Highlights (for review)
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Responses to the Editor and Reviewers 

Editor: 

The authors thank to Editor for the remarks. The format of the citations is changed to show 

all the authors and some more citations towards Applied Surface Science are added to the 

manuscript. The XRD scales in Figure 4 are corrected as well. 

Reviewer #1: 

The authors are thankful to Reviewer #1 for the useful comments and remarks. Here are our 

answers point-by-point: 

1) Magnetic properties of the continues film is missing in current manuscript. I suggest add 

the in-plane and out-of-plane M-H loop to Fig. 8(a). So that the effect of dot geometry can be 

clearly observed. 

The magnetic properties of the annealed but non-patterned CoPt films are described in the 

authors’ previous paper [1]. However, this fact was not mentioned in the in the “magnetic 

properties” section of the current manuscript. The previous paper was only cited in other 

sections of the current manuscript. For comparison, the VSM result of an annealed but non-

patterned CoPt film from our previous paper [1] is shown here together with the VSM Fig. 

8(a) from the current manuscript. 

   

*Response to Reviewers
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As it is seen, the two perpendicular measurements are very similar (besides the noise). The 

coercive force of the patterned sample seems to be somewhat larger, but this can’t be stated 

due to the noise of the measurement. On the other hand, the in-plane hysteresis loop is way 

smaller in the case of the patterned sample. A few words about this comparison are added to 

the “magnetic properties section” of the current manuscript together with a citation to our 

previous paper. 

2) It will be good also compare the M-H loop before and after annealing. For both dot array 

and continuous film. 

For comparison, the Fig 8(a) of the manuscript can be seen below together with a VSM taken 

from a dot-patterned but non-annealed CoPt film. 

   

As it is seen, the patterned but non-annealed CoPt film doesn’t show significant hysteresis 

neither in plane nor out of plane direction. This is due to the disordered fcc phase; there is no 

macroscopic anisotropy. Of course, this latter holds for the non-patterned and non-annealed 

case as well. Furthermore, the magnetic behaviour of the continuous CoPt films can be found 

in e. g. [2] or [3]. These comments and the VSM result of the patterned but non-annealed are 

added to the manuscript. ACCEPTED M
ANUSCRIP

T



3) The MFM image of the CoPt dot array is kind of confusing. The MH loop in Fig. 8(a-

bottom panel) clearly shows that the magnetization of all dots should be along up or down 

direction at remanent state. However, the MFM image in Fig. 8(b) is fully random. Please try 

to provide an MFM image with longer etching time, if the authors think the etching time is 

too short for this sample. 

The authors are thankful for the good remarks. We agree that the saturated sample with well 

separated dots would exhibit magnetization of all dots either up or down. 

We have to clarify the conditions of the MFM measurements in the following. The actual 

sample pieces used for the MFM measurements are different from those studied by the VSM 

(but identical in sense of fabrication process). 

The sample pieces for the MFM measurements were only magnetized by an available 

external magnet at various fields in the range of 0T to 1.15T (1.15T is maximum of the 

available external magnet). The MFM images were taken at directly after this magnetization 

at zero field. Thus, we strongly suggest that the 1.15 T is not enough to saturate the dot-

patterned L10 CoPt thin films. (E.g. a calculation had shown [4] that the write head has to 

apply ~2.4 T local field to switch a 1 Tbit/in
2
 capacity dot-patterned media.) As a 

consequence, the MFM images don’t show the fully saturated state. 

The conditions of the MFM measurements are clarified in the manuscript as well. 

Regarding the preparation of new sample etched with longer time, unfortunately, we are not 

able to realize this experiment within the revision time. The sample from which the MFM 

images are presented in the article cannot be etched longer as the mask (silica nanospheres) 

was already removed. So the new experiment would require completing the whole 

technology from the beginning, i.e. CoPt sputtering, nanopatterning, analysing and MFM 

measuring. 

4) Did the MFM image take after saturating the sample along one direction? MFM image as a 

function of the magnetic field history may help us to understand the switching process of the 

array. For example, the switching field in Fig. 8(a-bottom-panel) is around 10500 Oe, MFM 

image should be different if a magnetic field of 12000, 11000, 10500, 10000 and 9000 is 

applied to the array. A uniform up magnetization, random magnetization and uniform down 

magnetization should be observed in the experiment. 

This question is strongly correlated to the previous one. As it was mentioned in our previous 

answer, a number of MFM measurements were performed directly after magnetizing sample 

at various fields in the range of 0T to 1.15T. However, all MFM scans looks similar to that 

provided in the manuscript. There is no significant difference between the images obtained in 

different external fields of this range. As it was detailed above, we suppose that the 1.15 T 

was not enough to saturate the dot-patterned L10 CoPt thin films. Therefore, we couldn’t 

observe the “uniform up magnetization, random magnetization and uniform down 

magnetization” sequence by means of the MFM measurements. 

(In theory, it is possible to investigate the switching process of the CoPt array by properly 

magnetizing a sample prior to the MFM scans by means of the VSM instrument itself. That 

way, the uniform up magnetization, random magnetization and uniform down magnetization 

could be observed by the MFM. However, it is unfortunately not likely that such an 

experiment can successfully be completed by the 30th October (the deadline for revision) due 

to the workload of responsible co-workers.) 
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5) There are some minor language mistakes in the manuscript. Please proof read the 

manuscript and fix them. 

The English of the manuscript have been revised; hopefully all the mistakes are eliminated.  

6) Please use Fig. 1-a or Fig. 1(a) instead of Fig. 1 a. 

The figure citation format is changed to the Fig. 1(a) format. 

7) Please make sure show the full name before using the abbreviations. For example: FFT, 

SAED and so on. 

The missing abbreviation definitions are added to the manuscript. 
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Abstract 

CoPt thin films as possible candidates for Bit Patterned magnetic Media (BPM) were 

prepared and investigated by electron microscopy techniques and magnetic 

measurements. The structure and morphology of the Direct Current (DC) sputtered 

films with N incorporation were revealed in both as-prepared and annealed state. 

Nanopatterning of the samples was carried out by means of Radio Frequency (RF) 

plasma etching through a Langmuir-Blodgett film of silica nanospheres that is a fast and 

high throughput technique. As a result, the samples with hexagonally arranged 100 nm 

*Manuscript
Click here to view linked References
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size separated dots of fct-phase CoPt were obtained. The influence of the order of 

nanopatterning and anneling on the nanostructure formation was revealed. The magnetic 

properties of the nanopatterned fct CoPt films were investigated by Vibrating Sample 

Magnetometer (VSM) and Magnetic Force Microscopy (MFM). The results show that 

CoPt thin film nanopatterned by means of the RF plasma etching technique is promising 

candidate to a possible realization of BPM. Furthermore, this technique is versatile and 

suitable for scaling up to technological and industrial applications. 

Keywords 

nanopatterning; Langmuir-Blodgett film; RF plasma etching; ordered nanostructures; 

ferromagnetic thin films 

 

1. Introduction 

The advancement of nanotechnology is mainly driven by the ability to tailor functional 

materials on nanoscale. Hence, high research interest is given on the field of nanoscale 

patterning (i.e. the fabrication of nano-size ordered structures) as well. The 

technological progress is raising an increasing demand for techniques to prepare large 

areas of patterned structures with nanoscale precision in a rapid, inexpensive and 

industrially scalable manner. This applies to the fast growing field of nanopatterning of 

magnetic materials as well. High-resolution magnetic patterning plays a role in 

applications like magnetic sensors [1] [2] [3] and actuators [4] [5], spin-electronics or 

magnonics [6] [7]. Moreover, magnetic nanopattern structures are promising candidates 

for a qubit realization in quantum informatics [8]. 
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However, the main boost in the progress of the nanopatterning techniques is the 

development of the Bit Patterned magnetic recording Media (BPM) [9]. BPM is a 

highly possible approach for overcoming the superparamagnetic limit of current hard 

drives that originates from the thermally induced magnetic instability due to the high 

recording density [10]. In the concept of BPM, each recording bit is stored in an 

individual magnetic dot and so, the inter-dot spacing reduces the interaction between the 

stored bits that prevents the superparamagnetic transition. In this context, the reduction 

in the feature size of the nanopattern is required for higher recording densities. 

Nowadays, BPM is usually realized by means of a conventional serial patterning 

technique, e. g. e-beam lithography [11] [12]. The serial methods are precisely 

controllable, but slow and expensive solutions [13] that cannot be scaled to industrial 

throughput. Several hybrid possibilities, such as nanoimprint [14] [15] or nanosphere 

lithography [16] [17] [18] [19] [20] are investigated in order to overcome this issues. 

The present authors proposed a fast and low cost general technique [21] based on 

nanosphere lithography that is capable to fabricate sub-100 nm patterns in wide variety 

of surfaces and thin films. Our method utilizes a monolayer of hexagonally self-

assembled silica nanospheres prepared by the Langmuir-Blodgett (LB) technique [22] 

[23] as a template. The nanopatterning is carried out by RF plasma etching of the 

sample through a covering LB film [21]. The RF plasma etching is advantageous 

because, beside metals and semiconductors, it is applicable for etching insulating 

materials, as well. Thanks to the fact that both LB films and RF plasma can be applied 

on extended surfaces, our method is suitable to prepare large area of ordered patterns in 

bulk surfaces and thin films of diverse solids. 
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In this paper, thin sputter deposited CoPt films of fcc and fct (L10) structures [24] were 

patterned by our technique in order to realize ordered nanoscale magnetic dot arrays. 

The successful preparation of dot-patterned fcc and fct CoPt films was confirmed by 

Scanning- and (High Resolution) Transmission Electron Microscopy (SEM and 

(HR)TEM). 

Upon annealing, the as-deposited CoPt films undergo a phase transformation from fcc 

to fct (L10) structure [24]. It is shown here that the order of the annealing and patterning 

can be interchanged, the fcc to fct transition may undergo regardless of the order. 

In order to reveal the magnetic properties of the nanopatterned fct CoPt films the 

samples were investigated by Vibrating Sample Magnetometer (VSM) and Magnetic 

Force Microscopy (MFM). 

2. Experimental Methods 

A 10 nm thick cobalt-platinum films with 30 nm thick TiN seed layers were DC 

magnetron sputter deposited onto fused quartz substrates at 400 °C. The base pressure 

of the vacuum system was below 5*10
-7

 mbar, and the sputtering gas was an Ar – N2 

mixture with a deposition pressure of 2*10
-3

 mbar. The partial flow rate (  ) ratio of the 

N2 (i.e. 
    

       
 ) was 0.1 in the case of the TiN seed layer, while it was set to 0.2 for the 

CoPt deposition. In the former case, a Ti sputtering target of 2” was applied, while that 

in the latter case was a Co-Pt alloy. The composition of the film was Co0.44Pt0.56, 

measured by inductively coupled plasma-optical emission spectrometer. The thickness 

of both layers was controlled by the deposition time using a pre-calibrated deposition 

rate. 
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Pieces of the as-prepared samples were annealed for 1 h at 700 °C in vacuum, at a 

pressure below 2.5*10
-6

 mbar. 

N2 was incorporated into the CoPt films in order to promote the fcc to L10 phase 

transition during annealing [24]. More details of the CoPt sample preparation are 

described in [24]. 

The surface of both annealed and as-deposited samples was covered with a monolayer 

of silica nanospheres self-organized into a hexagonal structure by the LB technique. The 

100 nm nominal diameter silica nanospheres and their LB-films were prepared as 

reported earlier [25] [26] and as it was detailed in [21]. 

The LB-films were obtained using a KSV 2000 film balance by vertical deposition (5 

mm/min) at cca. 80 % of the collapse pressure, which was determined in an earlier 

experimental run. For the CoPt substrates, the vertical deposition of the LB-film 

resulted in poor quality monolayers, presumably due to the hydrophobic character of the 

substrate. The liquid supported LB film could be only partially transferred onto the 

sample surface. When the substrate inclination was lowered from 90° to 45°, however, a 

complete monolayer transfer without macroscopic defects was achievable [21]. 

The CoPt thin film samples covered with the monolayer of silica nanospheres were 

subjected to Ar plasma-etching in a Leybold Z 400 RF sputter deposition system where 

the samples were mounted at the target position of the sputtering source. Under such 

conditions the bombarding Ar-ions impinge the sample surface in the entire half solid 

angle except in regions and at directions shaded by the silica nanospheres. Thus, with 

suitably set etching parameters, the silica nanospheres protect the surface and the 
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sample is etched only in between them. The detailed description of our nanopatterning 

method can be found in [21]. 

 The base pressure of the sputtering chamber was 6*10
-6

 mbar, while the Ar pressure 

(PAr) was 2.5*10
-2

 mbar during the plasma etching. In order to optimize the pattern 

obtained, the etching time (t) and the DC wall potential (the DC self-bias potential 

induced by the RF power, UDC) were varied between 61 and 240 s and 1000-1200 V, 

respectively. The established power densities (S) are given in the “Results” section in 

each case. Those were calculated by measuring the ion currents (Iion) and using the 

target plate (cathode) diameter dcat=3 in’=7.62 cm. 

Subsequent to plasma etching the LB-films were removed by wiping with cotton wool 

wetted with acetone. 

The surface morphology of the samples was characterized by a LEO 1540 XB Scanning 

Electron Microscope (SEM) (with Gemini electron optics). The nanostructure of the 

layers was studied by a 300kV JEOL 3010 (0.17 nm point resolution), and a 200 kV 

Philips CM 20 (0.27 nm point resolution) Transmission Electron Microscope (TEM). 

The preparation of the samples for TEM was carried out by mechanical and ion beam 

thinning. The plan view thinning process was carried out from the back (substrate) side 

of the sample. An attention was paid not to expose the film surface to any mechanical, 

nor ion beam treatment. 

The magnetic measurements were carried out by a Riken Denshi BHV-50 V Vibrating 

Sample Magnetometer (VSM) with a maximum magnetic field of 15 kOe; and by a 

Ntegra Prima Magnetic Force Microscope (MFM). 
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3. Results and Discussion 

3.1. Structure and morphology of the CoPt films 

The structure and morphology of the DC magnetron sputtered CoPt films were 

investigated by SEM, plan view- and cross sectional (X-) TEM. The typical plan view 

SEM and TEM images of the as-prepared CoPt films are shown in Fig. 1(a) and (b), 

respectively. The inset is a Selected Area Electron Diffraction (SAED) pattern of the 

area shown in Fig. 1(b). 

 

Figure 1. Plan view SEM (a) and TEM (b) images of the as prepared sample. The SAED inset represents 

both polycrystalline fcc CoPt and fcc TiN layers. 

The as-prepared films are homogenous, continuous and both TiN and CoPt consist of 

randomly oriented polycrystalline grains of fcc phase according to the SAED inset. The 

CoPt and TiN layer consists of crystallites of 10-25 nm lateral size as it is seen in the 

plan view Bright Field (BF) and Dark Field (DF) TEM images in Fig. 2(a) and (b). 
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Figure 2. Plan view BF (a) and DF (b) TEM, XTEM (c) and HRXTEM (d) images of the as prepared 

sample. The inset in (d) shows an FFT of the CoPt layer. The numbered reflections in the FFT are: 1 and 

1’ – CoPt(200); 2 and 2’ – CoPt(111). The ROI of the FFT is marked by a (red) rectangle and a part of it 

is magnified in the inset between (c) and (d). 

Fig. 2(c) depicts the cross-section of the as-prepared films. The thickness of the CoPt 

layer is found to be 4.8±0.8 nm and that of the TiN layer below is 42.3±1 nm. These 

values were evaluated from averaging measurements in a couple of XTEM micrographs 

not shown here. Fig. 2(d) is a High Resolution (HR-) XTEM of the as-prepared CoPt 

layer with an inset showing the Fast Fourier Transformation (FFT) of image of few 

CoPt grains. The Region Of Interest (ROI) of the FFT is marked by a (red) rectangle 

and the upper left part of it (white) is magnified in the inset between Fig. 2(c) and (d) in 

order to visualize the lattice planes. The CoPt grains can be identified as fcc crystallites 

by means of the FFT that is in good agreement with the SAED (inset of Fig. 1). In the 

FFT image, the reflections indicated by 1 and 1’ are the CoPt (200) /1.93 Å/, while the 

reflection 2 and 2’ correspond to the CoPt (111) /2.23 Å/ lattice planes. These FFT 

reflections come from several different crystallites (grains) stacked on each other in the 

cross-sectional sample. 

As it was mentioned in the Experimental, some of the as-prepared samples were 

annealed at 700 °C in vacuum for 1 h in order to induce the phase transition of the CoPt 

from fcc to fct. The incorporated N2 promotes the phase transition that results in a [001] 
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textured CoPt fct (L10) phase. This is described in [24], where the typical plan view BF 

TEM, plan view SAED, cross sectional TEM and HRTEM images of the annealed CoPt 

samples can be found as well. However, for the complete comparison, the typical (plan 

view) SEM, SAED and HRXTEM of the annealed samples are included here (Fig. 3). 

The annealing doesn’t affect the average lateral grain size (~20 nm) remarkably, 

according to the plan view TEM (not shown here). The SEM image in Fig. 3(a) shows 

that the surface of the annealed CoPt is not continuous, especially compared to the as-

deposited samples. (This is confirmed by the plan view TEM and Atomic Force 

Microscopy (AFM) results in [24]  as well.) Due to annealing, the thickness of the CoPt 

layer gets fluctuating as it is seen in Fig. 3(c) (and in [24]); its thickness is 7.8±2.6 nm. 

The thickness of the TiN seed layer, 42.6±1.7 nm, however, remains practically 

unchanged. The thickness values are averaged data of multiple XTEM micrographs. 

 

Figure 3. Plan view SEM (a) and SAED (b) images of the annealed sample. The SAED represents the 

polycrystalline fct phase CoPt and the fcc TiN layers. The HRXTEM of a typical fct CoPt grain is shown 

in (c), while (d) is the FFT of the image of CoPt layer in (c). The numbered reflections in the FFT are: 1 – 

fct CoPt(110); 2 – fctT CoPt(001). 

 The typical plan view SAED of the annealed CoPt sample is depicted in Fig. 3(b) that 

shows the transformed CoPt fct (L10) phase together with the fcc TiN. It is to mention 

that, here, the indexing of the fct CoPt rings is different from the one applied in [24]. 
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This is due to the different unit cell selection. In this paper, the conventional primitive 

cell – P4/mmm space group, a=2.69 Å and c=3.684 Å [27] – was applied as unit cell. 

The HRXTEM of the annealed CoPt in Fig. 3(c) and in [24] show fct (L10) phase CoPt 

grains that confirm the phase-transition. Fig. 3(d) is the FFT of the HR image of the 

CoPt grain shown in Fig. 3(c); the reflections marked by 1 and 2 correspond to the fct 

CoPt(110) /1.905 Å/ and fct CoPt(001) /3.684 Å/, respectively. These typical images 

suggest that the annealed fct CoPt films exhibit preferred [001] orientation. 

The intensity distribution of the plan view SAED of the as-prepared and that of the 

annealed CoPt sample (inset of Fig. 1 and Fig. 3(b)), are depicted in Fig. 4. The bottom 

(red) graph shows the intensity-distribution corresponding to the as-prepared CoPt 

sample, while the upper (dark blue) graph is that of the annealed one. The graphs are 

calibrated by the X-Ray Diffraction (XRD) lines of the fcc TiN [28] that is indicated 

with the (green) markers named as “FCC TiN” in Fig. 4. Regarding TiN, the intensity of 

the TiN(200) peak increases while that of the TiN(111) peak decreases due to the 

annealing according to Fig. 4. This refers to the development a TiN [001] texture. The 

markers named “FCC CoPt” (blue) and “FCT CoPt” (orange) are associated to the 

random polycrystalline fcc CoPt and the random polycrystalline fct (L10) CoPt phases, 

respectively. These latter two markers were computed by means of the corresponding 

structure data [29]. As it is seen again from Fig. 4, the as-deposited CoPt (red curve) is 

polycrystalline fcc that has no texture. 
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Figure 4. The intensity distribution of the typical SAED of the as-deposited (red curve) and of the 

annealed (blue curve) sample. The calibration was done by means of the TiN markers, and the calculated 

fcc and fct CoPt markers identify the corresponding phases. For colour version see the electronic release. 

Investigating the upper (dark blue) curve, one can conclude that the annealed CoPt is 

mostly in polycrystalline fct phase. This is mainly indicated by the appearance of two 

new peaks which are denoted by “*”, they are the fct CoPt(010) and fct CoPt(111) from 

left to right. However, the presence of the – weak – fct CoPt(111) peak (denoted by the 

right “*”) indicates that the fct CoPt is not completely [001] textured. The two “
l
” 

symbols indicate two peaks that have distorted shapes due to a new, partially 

overlapping peak. This latter suggests that the annealed samples still contain some fcc 

CoPt grains as well. 

The phase analysis in Fig. 4 was assisted by means of J. Lábár’s software “Process 

Diffraction” [30] [31] [32] [33]. 
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3.2. Nanopatterns fabricated in the as-prepared and annealed CoPt samples by 

RF plasma etching 

Both as-prepared and annealed CoPt samples were nanopatterned by means of 

templating with an LB film of silica nanoballs and RF plasma etching. In the case of the 

as-prepared CoPt samples, the etching time (t) and the DC wall potential (UDC) were 

varied between 61 and 220 s and from 1000 to 1200 V. It turned out that the hexagonal 

pattern of the silica LB film is transferred well into the CoPt layer after only t=100 s at 

UDC=1000±15V and power density of S=5.85±0.76 W/cm
2
. Typical images of an as-

prepared CoPt sample treated by using the above settings are depicted in Fig. 5. The 

SEM micrograph in Fig. 5(a) depicts hexagonally arranged 100 nm size dots. According 

to the XTEM image in Fig. 5(b) the pattern consists of separated CoPt islands. 

It is to mention, that here we used conventional XTEM preparation that cuts the sample 

at a random azimuth and position with respect to the hexagonal pattern. 

On the other hand, the LB films show a domain structure and contain defects that are 

projected into the CoPt layers. This appears in the SEM images and also in Fig. 5(b) 

where the red circle marks a small size dot attributed to a defect of the LB film 

template. It is to mention that there are many efforts to improve the quality of the LB 

film e.g. [34] [35], however, this issue is beyond the subject of the present study.  

We have found that at UDC=1000 V and S=5.85 W/cm
2
 the TiN seed layer remains 

unchanged even after t=220 s etching time. This should be the result of the known 

hardness and resistance to sputter erosion of TiN [36] [37]. ACCEPTED M
ANUSCRIP
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Figure 5. SEM (a) and XTEM (b) image of the patterned as-prepared CoPt sample. The etching time 

was 100 s and UDC was 1000 V. The red ellipse marks a disk from one row back that corresponds to the 

imaging of a point defect of the LB film. 

It was assumed that the sputtering speed of the annealed (L10 phase) CoPt is similar to 

that of the as-prepared. In order to magnetically decouple the dots of the L10 phase, the 

dots should be as much separated as possible. Since the TiN seed layer withstands the 

plasma etching for long time (minimum 220 s), the separation can be increased by 

increasing etching time without affecting the TiN remarkably! That allows the 

optimization of the nanopattern (size and separation of the dots). At present t=220 s was 

set together with the unchanged UDC=1000 V and S=5.85 W/cm
2
. Thus, the typical plan 

view SEM and XTEM images of the obtained nanopatterned L10 CoPt sample can be 

seen in Fig. 6(a) and Fig. 6(b), respectively. 

The SEM in Fig. 6(a) shows that a pattern of well separated dots has been evolved. The 

hexagonal arrangement of the dots is almost defect free. According to low 

magnification SEM images not shown here, it consists of domains that extend to areas 

larger than 150 µm
2
. On the other hand, all of the annealed sample surfaces seemed to 

be decorated with some contamination that couldn’t be cleared away by acetone. This 
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residue is supposed to build up from CoPt clusters sputtered away by the Ar plasma re-

deposited by magnetic attraction of the film. 

 

Figure 6. SEM (a) and XTEM (b) image of the patterned annealed (L10 phase) CoPt sample. The etching 

time was 220 s and UDC=1000 V. 

In the XTEM (Fig. 6(b)), those re-deposited CoPt clusters mentioned above seem to 

appear superimposed on the pattern. (However, the flakes seem to overspread the 

pattern can be due to the electron beam not exactly perpendicular to the surface and due 

to some thinning artefact as well.) In sum, at the case of the annealed (L10) CoPt 

samples, the roughened and not completely coherent surface (see Fig. 2(a) and (b)) 

results in a pattern of rather non-uniform height and shape. 

In order to avoid re-deposition provoked by magnetic attraction during RF plasma 

etching, the as-prepared (fcc) CoPt samples – that were first patterned – were 

subsequently annealed for 1 h at 700 °C in vacuum, below 2.5*10
-6

 mbar. This way, 

smooth and re-deposition free patterned L10 CoPt layers were fabricated. The typical 

plan view SEM, XTEM, and the HRXTEM of an L10 CoPt sample that was annealed 

after patterning are seen in Fig. 7(a), (b), and (c), respectively. An FFT of the HR image 

of the CoPt layer is represented on the right side of Fig. 7(c). 
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Figure 7. SEM (a) and XTEM (b) image of an L10 CoPt sample that was annealed subsequent to 

patterning. (c): HRXTEM of the sample with an FFT insert of the HR image of CoPt layer. The marked 

reflections in the FFT are: 1 – fct CoPt(002); 2 – fct CoPt(001); 3 – fct CoPt(011); 4 – fct CoPt(110). 

The SEM image (Fig. 7(a)) shows the hexagonally ordered dots of the fct (L10) CoPt, 

and there is no sign of re-deposited matter. However, the disks are not as separated as in 

the case of Fig. 6(a), this is due to the shorter etching time of 100 s. Fig. 7(b) is the side 

view of the pattern of ~100 nm fct L10 CoPt disks. The HRXTEM image in Fig. 7(c), 

together with the FFT inset proves that annealing subsequent to patterning, also, results 

in the transition to fct (L10) CoPt phase with preferred [001] orientation. The reflections 

in the FFT denoted by numbers 1, 2, 3, and 4 refer to the lattice planes: fct CoPt(002) 

/1.849 Å/, fct CoPt(001) /3.684 Å/, fct CoPt(011) /2.185 Å/, and fct CoPt(110) /1.905 

Å/, respectively. 

3.3. Magnetic properties of the nanopatterned CoPt samples 

The magnetic properties of the nanopatterned fct CoPt samples were measured by VSM. 

The typical M–H curve (relative magnetization as a function of the magnetic field) of 
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our samples is shown in Fig. 8(a). The patterned CoPt film clearly shows a strong 

perpendicular magnetic anisotropy. It can be seen that the in-plane direction is a hard 

axis and the perpendicular (out of plane) direction is the easy axis with a coercive force 

(Hc) as large as ~12 kOe. This result indicates that patterning on the present scale does 

not affect the perpendicular magnetic anisotropy originated from the magnetocrystalline 

anisotropy of the L10 structure. The curves in Fig. 8(a) are quite noisy that is due to both 

the low sensitivity of the available VSM and a small sample size (~1x0.5 cm
2
 surface). 

 

Figure 8. (a) The typical M–H curve of our fct nanopatterned samples obtained by VSM. (b) The typical 

M–H curve of a patterned, but non-annealed CoPt sample obtained by VSM. 

In contrary, the typical M–H curve of the patterned but non-annealed CoPt films shown 

in Fig. 8(b) does not show significant hysteresis neither in plane nor out of plane 

direction. This is due to the disordered fcc phase; where there is no macroscopic 

anisotropy. Of course, this latter holds for the non-patterned and non-annealed CoPt thin 

films as well (e. g. [38]). It is to mention that the magnetic properties of the annealed 

but non-patterned CoPt films are described in the authors’ previous paper [24]. 

Comparing the VSM result of the annealed but non-patterned CoPt film found in our 
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previous paper [24] with that of the nanopatterned and annealed CoPt sample (Fig. 

8(a)), the two perpendicular measurements are very similar (besides the noise). The 

coercive force of the patterned CoPt samples seems to be somewhat larger, but this 

can’t be stated due to the noise of the measurement. On the other hand, the in-plane 

hysteresis loop is way smaller in the case of the patterned sample. 

Fig. 9 demonstrates a typical MFM image of a CoPt sample annealed after the 

patterning. It is to mention that the actual sample pieces used for the MFM 

measurements are different from those studied by the VSM (but identical in sense of 

fabrication process). The magnet employed for magnetizing the sample prior to MFM 

measurements can provide maximal external magnetic field up to 1.15 T, however that 

was not enough to saturate the sample as it can be deduced from Fig. 9 as well. (For 

comparison, a calculation had shown [39] that the write head has to apply ~2.4 T local 

field to switch a 1 Tbit/in
2
 capacity dot-patterned media.) The yellow rings in Fig. 9 

indicate the topographical pattern, and they are added from the topographical scan of the 

same area. 
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Figure 9. A typical MFM image of an fct CoPt layer annealed subsequent to nanopatterning taken at zero 

field after magnetizing by the field of 1.15 T. The yellow rings indicate the topographical patterns. 

Ideally, the MFM image should consist of either bright or dark contrast dots that exactly 

correspond to the topographical patterns. That is only slightly fulfilled here, due to the 

magnetic interaction between the dots. This magnetic coupling is the consequence of the 

short etching time of only 100 s that results in topographical pattern of not well 

separated dots. 

However, Fig. 9 can be described as an MFM image that indicates dots showing either 

dark or bright contrast that means perpendicularly magnetized single domains as 

indicated by the arrows in the image. Besides those dots, there are areas where the 

magnetic domains expand to multiple (topographical) dots that supposed to be due to 

the magnetic coupling induced by the little separation among the dots. It is suggested 

that the magnetic coupling should decrease as the etching time is increasing (because 

the topographical separation increases between the edges of the dots) in an experiment 

carried out by annealing after the patterning process. Moreover, the topographical 

separation necessary to obtain single domain dots is decreasing with the decreasing 

feature size [40]. This is a promising phenomenon since the feature size of our 

nanopatterning technique can be decreased to 10-20 nm by decreasing the size of the 

applied nanospheres. 

It is to mention that our MFM measurements taken of the samples annealed prior to 

patterning showed artefacts due to the previously mentioned re-depositied clusters that 

couldn’t be avoided. Thus, those are not included here. 
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4. Conclusions 

This work has demonstrated, that nanopatterning by RF plasma etching through LB 

templates is appropriate for fabricating large area hexagonally ordered, ~100 nm sized 

dot arrays of CoPt. It was proven by TEM that, after annealing, the CoPt dots consist of 

ferromagnetic (fct) phase grains with [001] preferred orientation, and the transition from 

fcc to ferromagnetic fct (L10) phase occurs regardless of the order of annealing and 

patterning. It is, however, preferable to anneal the sample subsequent to nanopatterning, 

so that to avoid re-deposition of the etched away material due to magnetic attraction and 

obtain a patterned layer with dots of uniform thickness. The magnetic properties of the 

nanopatterned fct CoPt samples were revealed. According to VSM the fct nanopatterned 

samples exhibit broad, square-shape ferromagnetic hysteresis loop (with a coercive 

force of ~12 kOe) perpendicular to the surface. MFM measurements in external 

magnetic field have shown that the nanodots of the fct nanopatterned CoPt layers 

consist of single magnetic domains magnetized perpendicularly to the surface and there 

are domains that extend to multiple dots as well. Increased etching time that allows 

improving the separation of the dots of the pattern (together with reducing the dot size) 

is suggested to reduce the magnetic coupling between the dots. 

The hexagonal nanopattern of ~100 nm ferromagnetic CoPt disks with magnetic easy 

axis perpendicular to the sample surface obtained in this work can be considered as a 

possibility to realize Bit Patterned Media. We suppose that the ~100 nm feature size can 

be reduced to a few tens of nanometers that is essential for high density media. The 

nanopatterning technique presented here is promising to be scaled up to industrial 

applications. 
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