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In order to qualify thinner carbon overcoats (ranged from 5-11nm) on magnetic recording disks,
the Co micro-corrosion from the magnetic layer to the surface after the stressed corrosion test (at
85°C and 80%RH for 4days) has been studied by ToF-SIMS. Analysis of water-extracted Co with
AAS was also performed to check the results obtained by ToF-SIMS. Whereas the almost linear
correlation of these two measurements can be obtained from the overcoats above 7nm, the Co
intensity by ToF-SIMS is much higher than the Co amount by AAS from the overcoat of Snm.
According to the dependency upon the beam energy, it is clearly shown that the relative intensity of
Co can be varied by the choice of primary beam energy, and the lower energy (less than 7keV) should
be recommended in the case of Co migration analysis of thinly overcoated (below 7nm) disks.
Based on the results obtained, we mention that if the beam energy used is too high or the overcoat is
too thin, Co from the magnetic layer may be detected through the thin overcoat film by ToF-SIMS.

1. Introduction

Carbon overcoats are widely used for
magnetic recording disks as a protective
layer against wear and corrosion from
interaction at the head-disk interface
(HDI). With the requirement of higher
data storage capacity, the thin-film media
industry has recently focused on
developing a thinner overcoat with better
wear and corrosion resistivity.

Comrosion of the thin film disks
under environmental conditions s
believed to be an electrochemical process
which requires the presence of water on
the surface[1,2]. In order to qualify
thinner overcoats, corrosion test stressed
under high temperature and high
humidity is frequently used to examine
whether the migration of cobalt from the
magnetic layer to the surface has occurred
or not. It is well known that the
corrosion  stress leads to selective

migration of Co from the magnetic layer
which is dependent on disk overcoat
composition and structure([5].

Time-of-flight secondary ion mass
spectrometry (ToF-SIMS) is a suitable
technique for Co migration analysis
because of extremely high surface
sensitivity and high lateral resolution[3,4].
In this work, we present the
characterization of Co migrated to the
surface using ToF-SIMS compared with
atomic absorption spectrometry (AAS),
which is one of the conventional
techniques with good quantification and
poor lateral resolution.

2. Experimental

The thin film disks used had a 1.2nm
lubricant layer and a different carbon
overcoat above a magnetic layer of 25nm
CoCrTaPt alloy. Below the magnetic
layer, an underlayer of 40nm Cr was
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underlying on a NiP-plated Al substrate.
The lubricants were Fomblin Z-DOL,
which has the backbone of perfluoro-
polyethers (PFPEs) with hydroxyl end
groups. The lubricant thickness was
measured by Fourier-transform infrared
spectroscopy (FTIR)[12] and/or X-ray
photoelectron spectroscopy (XPS)[13].
The overcoats were hydrogenated carbon
prepared by chemical vapor deposition
(CVD) or DC magnetron sputter, and
their thickness was ranged from 5Snm to
11nm (tabulated in table 1). Thickness
of overcoats was estimated by electron
probe micro-analyzer (EPMA) calibrated
by transmission electron microscope
(TEM). Samples of B-E or F-G with the
same preparation and the same thickness
were deposited under various conditions,
respectively, which probably led to the
different carbon density or hydrogen
content on the analogy of other
measurements by hydrogen forward
scattering spectrometry - Rutherford back
scattering spectrometry (HFS-RBS).

Table 1. Carbon overcoats of tested samples.

Sample name Preparation  Thickness (nm)

A" CVD 5

B! CVD 7.5
c" CVD 7.5
D! CVD 7.5
E™! CVD 7.5
F* Sputter 11
G™ Sputter 11

*! Carbon density of CVD samples may be
varied as follows: Aand B>C>D >E.

"2 Hydrogen content of sputtered samples
may be varied as follows: F> G.

The disks then subjected to high
temperature (85°C) and high humidity
(80%RH) in a commercial humidity

chamber for 4 days. The ramp up rate of
the temperature and humidity was kept
minimum to avoid possible water
condensation on the disk surface.
ToF-SIMS was performed in a PHI
TRIFT II system with a pulsed Ga liquid
metal jon gun operating at various
energies of 2, 7, 12 and 22keV. The
beam current was set to 600pA DC and
the beam raster size was 40um x 40um at
the acquisition of spectra. In this system,

- the sample holder was biased with a 3kV

positive voltage at the acquisition of
positive  ions. Positive  ToF-SIMS
spectra and images were obtained from
the disks after the stressed corrosion test
(at 85°C and 80%RH for 4 days).

AAS analysis of Co cation dissolved
in water was also performed to check the
results obtained by ToF-SIMS. For the
AAS measurements, the tested disks were
steeped in water for 30 minutes at room
temperature in order to extract the
corrosion products on the surface.
Before the stressed corrosion test, Co was
not detected from all the samples by
AAS.

3. Results and Discussion

On the ToF-SIMS spectra obtained by
7keV beam, the CxFy type of fragments
originating from the backbone of
lubricant are dominated as previously
reported[7-9], and Co peak is additionally
observed at 58.93 atomic mass unit (amu)
from the sample A, D, E, F and G.
Figure 1 shows the relationship between
the ratio of Co/CF2 in intensity by ToF-
SIMS and the Co amount detected by
AAS. In the AAS measurements, the
limit of quantification for Co was
estimated at 0.005 ug/piece, which
corresponded to 4 x 10" atoms/cm®.  On
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the ToF-SIMS spectra, intensity over 50
counts was regarded as a peak after the
data acquisition for 3 minutes. At this
conditions total primary ion dose was
estimated at 8 x 10*? ions/cm?, several
times higher than the generally accepted
static limit[10], in order to ensure
whether the Co peak was present or not
on the spectrum.

The almost linear correlation of
these two measurements can be observed

except sample A (noticed by an arrow in -

fig. 1), which has the thinnest overcoat of
5nm. In the case of sample A, the Co
intensity obtained by ToF-SIMS is much
higher than AAS.
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Figure 1. Relationship between ToF-SIMS

and AAS.
Some different behavior is also
shown by the ToF-SIMS imaging.

Figure 2 (a) and (b) show the Co
distribution from the sample A and G,
respectively, obtained by 22keV beam,
which has the advantage of lateral
resolution less than lum. The Co
distribution of sample G correlates with
the texture lines in agreement with
previous works[5,6], while an uniform
coverage 1s only observed from the
sample A. Here we point out that there
is no sign of Co corrosion on the sample

A from the ToF-SIMS imaging.

To understand the difference
between the sample A and others, we
examined the dependency of the Co
intensity upon the primary beam
energy.
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Figure 2. Positive ToF-SIMS images of Co
from the sample of (a) A and (b) G, respectively,
obtained by 22keV beam. The beam raster
size was (2) 80um x 80um or (b) 60um x 60um.

Figure 3 shows the positive ToF-
SIMS spectra obtained by 2, 7, 12 and
22keV beam, respectively, from the
sample A. An incidence angle becomes
near normal as the primary beam energy
increases in this system (for example, 75°
for 2keV, 45° for 7keV, 41° for 12keV,
and 38° for 22keV[11]). The mass
resolution of m/Am for Co was over
7000 at 2, 7, 12keV or about 3000 at
22keV. Figure 4 shows the normalized
intensity of CF, C2F4 and Co (shown in
fig. 3) against the beam energy in the case
of sample A. All intensities shown in
fig. 4 are normalized to the CF2 intensity
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Figure 3. Positive ToF-SIMS spectra from the sample A by (a)(e) 2keV, (b)(f) 7keV, (c)(g) 12keV
and (d)(h) 22keV beam, respectively.
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of each spectrum. Whereas the relative
intensities of CF and C2F4, originating
from the lubricant, are  almost
independent on primary beam energy in
agreement with previous work[11}], the
relative intensity of Co can be varied by
the choice of primary beam energy.

1 o
4 !
~ i
fxe i
L3 L CF 4
s |
[~} ]
5 |
E 2t
b
8 C2F4
= o
£ :
6 _
2keV 75deg TkeV 45deg 12keV 41deg 22keV 38deg
i' Primary beam energy and angle

Figure 4. Changes in intensity normalized
to the CF2 peak as a function of primary
beam energy and angle of incidence.

Based on the results obtained, we
can conclude that the relative intensity of
Co is strongly dependent on the primary
beam energy and the lower energy should
be recommended in the case of Co
migration analysis of thinly overcoated
(probably below 7nm) disks. If the
beam energy used is too high or the
overcoat tested is too thin, Co from the
magnetic layer may be detected through
the thin overcoat film and some
misjudgments may be extracted in the
qualification of thin overcoats.
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Figure 5. Changes in intensity normalized
to the CF2 peak as a function of primary
beam energy and angle of incidence.
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