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Abstract : Nano-wear and friction of carbon overcoated laser-textured and mechanically-textured computer hard disk were
characterised after contact start/stop (CSS) wear test. Various analytical and mechanical testing techniques were employed to
study the changes in topography, roughness, chemical elements, mechanical properties and friction characteristics of the coating
arising from the contact start/stop wear test. These techniques include: the atomic force microscopy (AFM), the continuous
nano-indentation test, the nano-scratch test, the time-of-flight secondary ion mass spectroscopy (TOF-SIMS) and the auger
electron spectroscopy (AES). It was shown that the surface roughness of the laser-textured (LT) bump and mechanically
textured (MT) zone was reduced approximately 4nm and 7nm, respectively, after the CSS wear test. The elastic modulus and
hardness values increased after the CSS test, indicating straining hardening of the top coating layer. A critical load was also
identified for adhesion failure between the magnetic layer and the Ni-P layer. The TOF-SIMS analysis also revealed some
reduction in the intensity of C and C,F;, confirming the wear of lubricant elements on the coating surface.
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Introduction

As the recording density of computer hard disk has increased
tremendously in recent years, the magnetic flying height of the
recording head over the data zone needs to be decreased. The
reduction in flying height inevitably introduces many
unwanted side effects: direct contact between the head and
disk often leads to nano-wear of surface coating and increase
in stiction and friction with increasing the contact start/stop
cycles, degrading the function of head/disk interface. The
introduction of laser texture (LT) technique makes it possible
to precisely control the topography of the landing zone by
creating discrete topographical features with round, dome-like
protrusions, usually known as bumps, on the start/stop zone [1-
4]. The disks containing LT zones can offer a low cost, high
precise control of the surface topography and zone position.
The presence of LT bumps was shown to improve significantly
the tribological performance in contact start/stop testing and
glide avalanche prediction [5]. For the LT zone, the stiction
remained almost constant and the statistical wear rate was
much lower than the MT zone for the same range of CSS
cycles, because the stiction force at the MT zone was much
higher than that at the LT zone [6). This was despite the fact
that the acoustic emission signal of LT disks was generally
higher than that of MT disks. The shape, radius, height and
location of these bumps can be accurately controlled by
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controlling laser parameters, such as laser pulse energy, pulse
width and laser wave length [7]. A smaller focus spot size and
shorter pulse width produced a smaller radius of rim curvature,
which in turn is beneficial in reducing stiction [4].

A significant progress has been made of nano-tribology of
these magnetic coating systems [8]. Sliding wear mechanisms
that are potentially operative in contact recording are sensitive
to the mechanical properties of the surface coatings, such as
shear strength, hardness, elastic modulus, and fracture
toughness, as well as surface roughness, topography and
friction. These properties of various coatings have been
characterized using state-of-the-arts techniques, such as nano-
indentation, nano-scratch techniques, atomic force microscopy
(AFM) [9-11], and stylus profilers and non-contact optical
profilers were used to measure surface roughness [12,13]. In
addition to the above instruments, Raman spectroscopy was
also successfully used to study the morphology of ultra-thin
carbon films of thickness down to 1nm, as well as to identify
the non-uniformity in the wear rates along the air bearing
surface [14]. Surface analytical techniques, such as time-of-
flight secondary ion man spectroscopy (TOF SIMS), X-ray
photoelectron spectroscopy (XPS), Auger depth profiling [15-
17], have become much widely used to evaluate the wear
mechanisms and durability of various ultra-thin films and
textures. The point contact microscopy [18] was also used to
conduct nano-wear tests.

The present work is a continuation of our previous study
[19] on anisotropic tribological and mechanical properties of
mechanically textured disk surface. The nano-wear mecha-
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nism, friction behavior, coating failure characteristics and other
tribological properties of both the laser and mechanically
textured disks are studied before and after contact start/stop
cyclic wear tests. Special emphasis was placed on evaluation of
the changes in surface chemistry characteristics and adhesion
failure mechanisms between the coatings that were caused by
the contact cyclic wear.

Experimental Procedure

Materials and Contact Start/Stop (CSS) Wear Test

Two types of textured disk surface were employed in this
study: laser-textured (LT) disk containing arrays of small
bumps introduced on the start/stop zone; and mechanically-
textured (MT) disk. Both the disks consisted of Al-Mg alloy
5086 substrate (95.4% Al, 4% Mg, 0.4% Mn, and 0.15% Cr)
which was electroless-plated with a 10-20 ym thick Ni-P layer
to improve the surface hardness [20]. A magnetic Co-Cr-Ta
layer of 70-100 nm in thickness was deposited, on top of
which an amorphous carbon coating of 20-30 nm and Z-Dol
lubricant of 2-4 nm in thickness were placed to protect the
magnetic layer [21].

Wear tests were conducted with the standard contact start/
stop (CSS) testing machine. Fig. 1 presents the schematics of
CSS tester, and the acceleration profile used in the experiment.
Each CSS cycle was 11.2s at a maximum spindle speed of
5400 rpm, which corresponded to a linear velocity of
approximately 7.1 m/s. Both the LT and MT disks were
subjected to 15K cycles in a clean room at ambient
temperature. The head slider type is negative pressure tri-pad
slider and its load is 3.0 g. The disk surface was examined
before and after the CSS wear test using the several
characterization techniques as described below.

Atomic Force Microscopy and Surface Roughness
Analysis

The surface roughness was measured and the topographic
images of disk were taken on an atomic force microscope
(AFM, TMX2000, Discovery Probe microscope, TopoMetrix).
A piezoelectric (PZT) tube scanner was used to scan the
sample in three-dimension with nanometer resolution at a rate
of 40 um/s. Three regions were chosen for scanning and the
scan size was 20 ym % 20 um square for the LT bump and MT
zone. The measurement of surface roughness of LT bumps
were much more difficult than the flat surfaces of MT zone,
because the height along the bump top area was irregular and
the bump height did not relate to the texture direction around
the bump. Therefore, a new method was devised to overcome
these problems, by scanning the bump top following lines
through the center of bump at 10° intervals. Eight bumps were
randomly chosen from the start/stop zone for scanning. Line
analyses were performed of the peak-to-valley distance, v, (or
the depth) for the LT bump and the peak-to-mean distance, m,
for the MT zone. The surface roughness data thereby obtained
were treated statistically based on both the Weibull cumulative
distribution function, F(x), and the probability density
function, Ax) [19]:

F(x)=1- exp[—(}—g)b} M

) = 5 e (3] @

where b is the shape parameter (or Weibull modulus), and 6 is
the scale parameter.

Nano-indentation and Nano-scratch tests

The Nano-indentation and nano-scratch tests were performed
to measure the hardness and elastic modulus as well as the
adhesion characteristics using a nano-indenter (Nanoindenter
II by Nano Instrument Inc.) [22]. The indenter is equipped with
a three-sided pyramidal Berkovich diamond indenter tip with a
tip radius less than 100 nm. During indentation, the instrument
monitors and records the dynamic load and displacement of
the indenter tip. The ‘continuous stiffness mode’ was used
where an incremental load was applied continuously until the
displacement reached a desired value of 500 nm [23]. The
output response provided the stiffness and contact area data
without discrete unloading cycles. Indentation was performed
before and after 15K CSS wear test and three different
positions were indented for a given LT bump, namely outside,
on the bump.

The nano-scratch tests were conducted to study the friction
characteristics and coating-substrate adhesion of the disk
surface before and after the CSS wear tests. The ‘ramp load
mode’ was employed with an increasing load from 0 mN to
10 mN at a rate of 100 uN/s. The Berkovich diamond tip was
scratched in the face-forward direction, i.e. with the face of the
tp facing the scratch direction. After the scratch tests, the
topographic images of scratch deformation and depth were
generated using the AFM.

Surface Analysis

The time-of-flight secondary ion mass spectroscopy (TOF-
SIMS, PHI 7200 from Physical Electronics, Inc.) and Auger
electron spectroscopy (AES, Phl 5600 Physical Electronics
Multi-Technique System) were employed to identify the
changes in surface chemical and atomic compositions after the
CSS wear test. In the TOF-SIMS analysis, a pulsed primary
ion beam is sputtered on the top surface layer of the material,
and the secondary ions emitted from the surface are analyzed
using a time-of flight mass spectrometer. The sampling depth
of TOF-SIMS was in the range of 10 to 204, since only the
particles in the outermost region of a sample had sufficient
energy to overcome the surface binding energy and leave the
sample. The AES instrumentation involved a UVH system,
electron gun for target excitation and an electron spectrometer
for energy analysis of emitted electrons. The Auger analysis
was conducted on the disk surface for 12 min. in a depth-
profiling mode. The primary electron energy used was 5.0 keV
with a beam current of 0.5 (A, and the beam was focused to a
spot diameter of about 2 mm. If any damage has occurred at
the start/stop zone due to the depletion of the carbon coating or
lubricant, the changes can be detected by the surface chemistry.
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Fig. 1. Schematics of (a) contact start/stop wear tester and
(b) acceleration profile of the CSS wear test.

Results and Discussion

Surface Roughness

Major findings from the experiments are summarised in the
following. Discussions are made of the wear and failure
mechanisms of LT and MT disk surfaces after the CSS wear
test. Typical AFM 3 D topographic images of the LT bump and
MT zone before and after the CSS wear test are presented in
Figs. 2 and 3, respectively. There were some clear indications
of nano-wear after the CSS wear test depending on the type of
textures. A number of small debris-most likely of carbon
coating-were detected inside the bump (Fig. 2(b)), indicating
that significant nano-scale wear took place between the head
and the disk. Comparison of Figs. 3(a) and (b) also suggests
that the roughness of the MT zone be to a certain extent
reduced after the CSS wear test. The cumulative probability
distributions according to the Weibull and probability density
distributions presented in Fig. 4 further support the above
findings. The Weibull parameters, b and 6, were calculated
before and after the CSS wear test, and are summarised in
Table 1. It is obvious that both the average values and the
scattering of surface roughness decreased, as evidenced by the
increase in shape parameter, b, and reduction in scale
parameter, 0, after the CSS wear test. The changes in these
roughness parameters were much more remarkable for the MT
zone than for the LT bumps, strongly indicating a more serious
nano-wear in the former surface. The reductions in the mean
value were approximately 7nm and 4nm, respectively, after
15k CSS test. Similar conclusions can be drawn from the
probability density distributions (Figs. 4(¢) and (d)).

Elastic Modulus and Hardness

The elastic modulus and hardness values measured from the
nano-indentation tests are plots as a function of indentation
depth in Figs. 5 and 6, respectively. It is interesting to note that
for the LT bump, these mechanical properties were slightly

Fig. 2. AFM images of laser textured bump (a) before and
(b) after the CSS wear test.

Sym

Fig. 3. AFM images of mechanically textured zone (a) before
and (b) after the CSS wear test.

higher at the top of bump than the other areas surrounding the
bump (Fig. 5(a) and 6(a)). However, it was rather difficult to
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Fig. 4. (a), (b)Weibull cumulative and (c), (d)probability density distributions of surface roughness.

detect any variations of these properties after the CSS wear
test. In contrast, the initial values of the elastic modulus and
hardness of MT zone at low indentation depths were much
higher after the CSS wear test than before it (compare Figs.
5(c) and 6(c) with Figs. 5(d) and 6(d)). This may indicate that
after the contact start/stop wear test, the carbon coating became
denser and harder, giving rise to a high elastic modulus and
hardness. It is also likely that the magnetic coating and the Al-
Mg alloy substrate underwent strain hardening due to the
contact stresses and the generation of internal stress fields [24].
This observation is quite congruent with the significant
reduction in surface roughness of the MT zone, as discussed
above. It appears that the effect of plastic deformation was
restricted only to the top layer less than approximately
150~200 nm from the surface, as indicated by the unchanged
properties when the indentation was continued to a large depth.

Coefficient of Friction and Scratch Depth
The coefficients of friction measured from the nano-scratch

test are plotted as a function of normal load before and after
the CSS wear test, as shown in Fig. 7. They increased rapidly
at the initial ramp loading, which was followed by a slow
increase with further increase in applied load. Especially, the
MT zone exhibited approximately a bi-linear relationship
between the coefficient of friction and normal load. There was
invariably a sudden surge or drop of coefficient of friction,
when the applied load reached approximately 9.5 mN, for all
conditions tested. Basically the identical results were obtained
from the scratch depth versus normal load plots, as shown in
Fig. 8. The sudden increase or drop of coefficient friction is
thought to be a direct reflection of the changes in vertical
displacement of the indenter tip while scratching in the ramp
load mode. The load corresponded to a scratch depth of about
140nm, which is roughly equal to the depth of interface
between Co-Cr-Ta magnetic layer and Ni-P layer. Judging
from this information, the abrupt change in indenter depth was
most likely attributed to the fracture of the interface bond
between Co-Cr-Ta magnetic layer and Ni-P layer. It is also

Table 1. Weibull parameters: shape parameter, b and scale parameter, 6.

Weibull Parameters LT bump LT bump MT zone MT zonee
before CSS test After CSS test before CSS test after CSS test

Shape Parameter, b 14.5 14.7 8.06 11.2

Scale Parameter, 0 89.8 852 33.0 256
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worth noting that for both the LT bump and MT zone, the
abrupt changes in coefficient of friction or scratch depth were
more severe after the CSS wear test than before it. It is
expected that for both the LT bump and MT zone, the interface
bond between the two coatings became weaker with increasing
the number of CSS wear cycles. This seems quite consistent
with the higher initial elastic modulus and hardness values
after the CSS wear test than before it (Figs. 5 and 6).

Surface Elemental Analysis

The mass spectra obtained from the TOF-SIMS experiments
are illustrated in Fig. 9. It was noted that for both the LT bump
and MT zone, the intensities of C(12), C,H,(31), CFO(47),
CEy(50), CF5(69), C,F(81), C,F,(100), C,F;(119) all decreased
substantially after the CSS wear test. These elements are
identified as the chemicals of Z-Dol, the lubricant applied on
the surface of disk coating. This means that the reduction was
mainly attributed to the local depletion of the lubricant, Z-Dol.
It should be mentioned here that C(12) is not carbon coating,
but belongs to the lubricant element. It is also interesting to
note that the reductions of the intensities of the above
chemicals were more remarkable for the MT zone than for the
LT bump, a clear indication that the MT zone is more
susceptible to nano-wear. This observation is considered to be
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Fig. 8. Scratch depth as a function of normal load for laser
textured bump before and after the CSS test(a); and for
mechanically textured zone before and after the CSS test(b).

quite consistent with the results presented in the foregoing
sections based on other techniques. Typical TOF-SIMS 2D
intensity maps for the LT bump surface are presented in Fig.
10. It is clearly seen that there were significant drops in the
intensities of the masses, C(12) and C,Fs(119) after the CSS
wear test. A similar conclusion was drawn for the reduction of
lubricant level on the bump due to the reduction of TOF SIMS
signal from C,Fs(119) after 25k CSS test [25].

The AES spectra presented in Fig. 11 did not reveal any
significant changes between before and after the CSS wear
test. No elements from the magnetic layer were detected, and
only carbon coating elements were shown. The spectra were
practically identical for the LT and MT disk surfaces. This
does not mean that there was no wear taking place, but rather
indicates that the AES was not particularly sensitive enough to
detect the type of wear occurred. This seems because the wear
was limited mainly to the lubricant, and some reduction of
surface roughness due to the internal plastic deformation
occurred in the underlying coating materials.

Concluding Remarks

To assess the nano-wear and friction mechanism on the carbon
coating of magnetic recording media after contact start/stop
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wear test, various mechanical and analytical experiments have
been performed, including atomic force microscopy, nano-
indentation and nano-scratch tests, time-of-flight secondary ion
mass spectroscopy and Auger clectron spectroscopy. The
following can be summarised.

(i) The AFM images did reveal some local nano-wear on the
carbon coating after the CSS wear test. The surface roughness
was reduced by about 4 nm and 7 nm after the CSS wear test
of 15K cycles on the laser textured (LT) bump and
mechanically textured (MT) zone, respectively.

(ii) The elastic modulus and hardness of the LT bump top
were slightly higher than other surrounding regions, probably
as a result of strain hardening introduced by the laser texturing
process. For the MT zone, these properties obtained after the
CSS wear test at a shallow indentation depth were much higher
than before the test. This is attributed to strain hardening of the
top coating layer arising from contact stresses and the
generation of internal stress fields during the CSS wear test.
(iii) The scratch depth and the corresponding coefficient of
friction displayed sudden surge or drop at a normal load of
approximately 9.5 mN (or equivalent scratch depth of about
140 nm) during the nano-scratch test for all conditions studied.
The characteristic sudden change in scratch behavior was
interpreted as the failure of adhesion between the magnetic
layer and the underlying Ni-P layer.

(iv) The TOF-SIMS spectra displayed significant reductions in
the intensities of lubricant elements, such as C(12), C,H,(31),
CFO(47), CF,(50), CF;(69), C.F;(81), C,F,(100), C,Fs(119),
after the CSS wear test. This is attribute to contact wear at the
head/disk interface. The 2D intensity maps confirmed the
above findings for the elements C(12) and C,F5(119). The AES
was not particularly sensitive enough to detect the type of wear
observed above.
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