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We studied the effect of the duty ratio, i.e., the ratio of hill width to pitch, of patterned diamondlike
carbon (DLC) surfaces on Ar gas cluster ion beam (GCIB) planarization effect. The patterns of 40
nm depth were fabricated on Si substrates by electron beam lithography and CHF3 reactive-ion
etching. The pitch of the line-and-space pattern was 300 nm and three duty ratios were adopted.
Then, refilling materials were deposited to 50 nm thickness on the patterned substrates. The test
samples were irradiated by Ar-GCIB and the resultant surface profiles were measured by atomic
force microscopy. The acceleration energy for one cluster was 20 keV. The dose was set in the
range from 51014 to 51016 ion/cm2. Although there was a difference in the dose, the patterns
clearly disappeared upon irradiating GCIB. The reduction rate of the peak-to-valley height
decreased as the width of the hill increased. We indicated that GCIB irradiation is effective for the
C 2011 American Institute of Physics.
planarization of patterned surfaces with various duty ratios. V
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I. INTRODUCTION

A patterned medium is one of the excellent candidates
for overcoming the limitation of the increase in the density
of magnetic disks. Recorded spins will interfere with subsequent ones owing to their thermal stability, and to achieve
high recording density, such as over 1 Tbit/in2, bits must be
discretely separated.1–3 However, because the indented surface of bit patterned media (BPM) causes head-slider flying
instability, the media need surfaces as flat as conventional
nonpatterned disks. Soeno et al. demonstrated refilling of the
grooves of magnetic thin film by depositing SiO2. Subsequent ion milling of the extra SiO2 resulted in flat patterned
media.4 Nunez et al. indicated that diamondlike carbon
(DLC) is an efficient refilling material in terms of the mechanical behavior for head-slider stress, on the basis of
finite-element-method simulation.5
On the other hand, a gas cluster ion beam (GCIB) technology has been developed as a novel smoothing technique.6,7 Our group proposed GCIB planarization for
refilling nonmagnetic materials. We also demonstrated the
planarization of patterned DLC,8–10 as well as Pt, Cr, W, and
SiO2 (Ref. 11). GCIB can planarize only the surface to a
depth of several nm without ion damage to the inside of the
magnetic film. The patterned medium is required to have a
recording density of over 1 Tbit/in.,2 i.e., smaller than 25 nm

pitch bits. However, patterned media have not only recording
bits with fine pitch but also wider patterns in, for example,
servo tracks. Thus, the patterned media must be planarized
throughout the disk. In this study, we have demonstrated the
dependence of the DLC pattern on the planarization effect of
Ar gas cluster ion beams.

II. EXPERIMENTAL

In the GCIB system, neutral Ar cluster beams were
formed by supersonic expansion of high-pressure gas
through a nozzle and skimmer. Subsequently, the neutral
clusters were ionized by electron bombardments and accelerated to 20 kV. In this study, the clusters formed 3000 atoms
at maximum in the distribution.12 The base pressure of the
sample chamber was 1  105 Pa, and that during irradiation
was 1  103 Pa; almost all of this consists of residual Ar
gas. However, it is very difficult to measure the vacuum
pressure around the sample surface.

a)

Electronic mail: nagato@hnl.t.u-tokyo.ac.jp.

0021-8979/2011/109(7)/07B733/3/$30.00

FIG. 1. (Color online) Schematic of experimental method.
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FIG. 4. (Color online) Reduction rate of the pattern depth of line and spaces
as a function of GCIB dose.

Figure 1 shows a schematic of an experimental method.
The line patterns were fabricated on Si substrates by electron
beam (EB) lithography and CHF3 reactive-ion etching (RIE).
The EB resist was removed by O2-RIE. The pitches and
the peak-to-valley (P-V) height were 300 and 40 nm, respectively. The widths of the hill were varied 150, 200, and 250
nm, i.e., the duty ratios were about 50, 67, and 83%, respectively. Then, DLC was deposited to a thickness of 50 nm on
the patterned substrates by magnetron sputtering. The base
pressure of the sputtering chamber and Ar pressure during
sputtering were 1  102 and 3  101 Pa, respectively. The
sputtering rate was 0.5 nm/min.
These DLC surfaces were irradiated by the Ar GCIB.
The dose was set in the range from 5  1014 to 1  1016 ion/cm2.
After GCIB irradiation, the resulting surface profiles were
measured by atomic force microscopy (AFM, Dimension
3100, Veeco Instruments). The dimensions of the area under
observation were 5 5 lm2.

of the typical profiles of the sample before and after irradiation with ion doses of 1  1015 and 1  1016 ion/cm2. The
patterns were clearly obliterated after an irradiation of
1  1016 ion/cm2. Figures 3 and 4 show the pattern depth or
P-V height and the reduction rate as a function of dose,
respectively. The three samples were similarly planarized by
Ar GCIB. The final P-V reached 5 nm.
In Fig. 4, the reduction rate shows a difference; the
reduction rates of the wider hills were greater than those of
the narrower ones. Here, GCIB has a lateral sputtering effect;
the Ar cluster is bombarded onto the surface and the Ar
atoms split and fly laterally. These Ar atoms etch convex
parts. On the other hand, at oblique incidences, the materials
moved toward concave parts. As a result, at concave parts,
the filling effect is higher than the etching effect.13 In terms
of the patterned media, because the hill-width ratio per pitch
will be designed to be as wide as possible, this result is practical. Figure 5 shows the average roughness (Ra). The final
Ra values of all samples after the irradiation of GCIB were
about 2 nm. According to our present work, Ar GCIB planarized narrow pitch patterns effectively. Furthermore, N2 GCIB
is a candidate finishing process because it can planarize the
surface roughness with small wavelength.14

III. RESULTS AND DISCUSSION

IV. CONCLUSIONS

We compared the surface roughness of samples before
and after GCIB irradiation. Figure 2 shows the comparison

We studied the effect of Ar GCIB planarization properties on the duty ratio of the pattern. DLC patterns were

FIG. 3. (Color online) Pattern depth of line and spaces as a function of
GCIB dose.

FIG. 5. (Color online) Average roughness of the line and spaces as a function of GCIB dose.

FIG. 2. (Color online) AFM images of DLC surfaces before/after GCIB.
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formed by dry etching of the Si substrate following the deposition of DLC. The pitch was 300 nm and the hill width was
varied as 150, 200, and 250 nm. Ar-GCIB planarization is
more effective for obtaining a higher duty ratio. However,
the final P-Vs and Ras were similar to each other. In the
future, the bit width will be designed as wide as possible,
thus the results show that the GCIB is effective for the planarization of refilled materials.
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