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Abstract

We study the wear mechanisms at the head-disk interface of magnetic hard
disk systems by use of drag tests in UHV, measuring friction and the spectrum of
the gas generated at the interface. The results show that DLC deposited films on
the slider's air bearing surfaces can significantly improve the wear durability in
sliding against hydrogenated carbon (Lvercoats. Another important result is
that the wear durability is significantly improved as the percent of hydrogen in the
CH, overcoats is increased. Finally, lubricant mixtures are also studied. The results
show that the lubricants X-1P and Z-Dol can protect each other under drag tests
when they are used as a mixture. This report describes the experimental results and

attempts to explain why these phenomena occur.



| Introduction

In order to increase areal densities in magnetic disk drives, manufacturers are now
experimenting with thin overcoats on the air bearing surfaces of the sliders as well as on the disks.
Thin DLC films have recently been deposited onQAITIC sliders, and they have led to very
significant improvements in wear durability. Also, hydrogenated carbon overcoats on the disks
have shown better wear durability than the pure sputtered carbon. Another recent development is
the apparently improved performance by lubricant mixtures. This report presents studies of the
tribochemical wear at the head-disk interface by performing drag tests in UHV for various DLC
films on sliders, CHx films on disks, and lubricant mixtures.

There are three parts in this report. The first part is a study of the behavior of DLC coated
and uncoated AD4/TIC sliders on disks with a 5% CHx overcoat and Z-Dol lubricant. The
mechanical properties, such as hardness, of the contacting surfaces have traditionally been viewed
as the dominant parameters for determining wear in drag tests. A variety of materials have been
deposited on aibearing surfaces to improve the wear durability at the head-disk interface.
Studies in vacuum by Pan and Novotny [Ref.1] have compared the tribochemistry of sliders with
various deposited overcoat materials including amorphous carbon. Their results showed that
different overcoat materials can generate very dissimilar fragments from the interface, which may
be related the wear mechanisms at the interface. This part of our study seeks to explain why the
DLC coated sliders perform better than uncoated sliders.

In the second part we compare the wear behavior gb@¢tcoats with different hydrogen
levels under drag tests. Studies have shown that different levels of hydrogen in the overcoat can

result in different atomic bonding in the carbon film. There have also been studies of the effect



of the hydrogen levels on the wear durability during drag tests in air [Ref.2]. Also, the effect of
the hydrogen content on the bonding characteristics of perfluorinated lubricant with CHx films
has been shown [Ref.3]. In this part we show that the hydrogetent can influence the
chemical interactions between the lubricant layer and the slider materials, as well as the wear
durability during drag tests in UHV.

In the last part we compare the wear performance of different lubricants. The questions to
be addressed are primarily related to the X-1P lubricant; how does it perform in pure form or in a
mixture with Z-Dol? X-1P, a cyclic phosphazene lubricant, is a developed synthetic material of
exceptionally low vapor pressure and thermo-oxidative uniformity. The characteristics of the
phosphazene lubricants have been presented [Ref.4] and the environmental effects of the
phosphazene lubricants on hard disks have also been reported [Ref.5]. Oneirafotimenon
properties of X-1P is that it performs very well as a pure lubricant or in a mixture with other
representative lubricants, such as Z-Dol or AM2001. In this part we show that the mixed
lubricants perform better than pure Z-Dol or pure X-1P in terms of wear durability and by

tribochemical analysis.



Il Experiment

2.1 Materials

Thin film magnetic recording disks with sputtered CHx overcoats of 5% and 40%
hydrogen in 7.5 nm thickness were used. The films were sputtered from a carbon source onto a
disk in a H/Ar mixture at a base pressure of 1E-7 Torr. The disks were lubricated with one of
three lubricants; Z-Dol, X-1P and 6% X-1P in Z-Dol, all of 8.5A thickness. The sliders used were
50% Taper Flat AO5/TiC sliders with or without DLC coating on the air bearing surfaces. The

load applied on the sliders was 4 grams.

2.2 Apparatus

Drag tests were carried out inside a stainless-steel ultra high vacuum (UHV) chamber
which is fitted with a quadruple mass spectrometer (BALZER). This mass spectrometer can
simultaneously detect intensities versus time of at most 15 different atomic mass units (AMU)
ranging from 1 to 500. Friction was also monitored along with these mass intensities by using
strain gauge transducers. The chamber is equipped with a mechanical pump and a turbo pump
(BALZER) for pumping the vacuum.. This turbo pump has a flow rate of 380 liters per second. In
the experiments the chamber was first pumped down to the base pressure of 1.5E-8 Torr. Two
ion gauges were used to detect the pressure inside the chamber. Thin film disks were mounted on
a spindle driven by a DC motor. The slider-suspension systems were mounted on the positioning
arm with strain gages that recorded vertical loading on the slider and horizontal friction force as
well. A position manipulator allowed adjustment of the location of the slider on the disk.
Resistance heating tapes were wrapped around the chamber for baking out the contamination

inside the chamber after each drag test. The temperature during baking was ardithd Th€



measurement data of the mass spectrometer was monitored by a PC through the software package

Quadstar 420BALZER).

2.3 Procedure

The experimental steps were as follows. First the chamber was baked at high vacuum
(around 1E-7 Torr) at a fixed temperature of 260for at least 48 hours to completely degas the
filaments of the mass spectrometer during the bake-out period. Next, in order to mount the disk
and the slider the chamber was back filled with Argon gas to increase the pressure and allow the
chamber to be opened. After the parts were mounted the chamber was then pumped down to the
base pressure at 1.5E-8 Torr, during about 20 hours of pumping. The channels of the mass
spectrometer were assigned to the selected massesdrahéests usually started with a certain
period of delay after the mass spectrometer was turned on to obtain the background intensities of
the selected masses (AMU). After this period, the spindle was turned on to start the drag tests.
The spindle was stopped as soon as wear could be visually detected on the disk, and the mass
spectrometer kept on recording the mass intensities for a while before the experiment was
terminated. Mass fragment intensities of masses 31 (CF), 47 (CFO), 50 3CKCFKH), 66
(CR0O), 69 (Ck), 119 (GFs) 112 (F-GH4-OH) and 162 (C§CgH4-OH) were recorded versus

real time along with the friction measurement.



Il Results

3.1 Comparison of Sliders With and Without DLC Coating

Figure 3.1 shows the friction coefficients of the drag tests on Z-Dol lubricated disks with
5% CHx overcoats. In Fig. 3.1 (a), for the uncoategDATIC slider, the friction coefficient
started at 0.28 and remained between 0.2 and 0.37 for 138 revolutions before it became unstable.
Very small particles at the head-disk interface wore the real contact region at the interface, and
resulted in unstable friction. In Fig. 3.1 (b), for the DLC coategDATIC slider, the initial
friction coefficient started at 0.08, suddenly dropped to 0.03, and then it was very stable between
0.03 and 0.006 for 316 revolutions before the disk was worn. Similarlyrictien coefficient
curves on the 5% CHx disks with X-1P and the mixed lubricant are plotted in Fig. 3.2 and in Fig.
3.3, respectively. In Fig. 3.2 (a), for the uncoategDATIC slider on the X-1P lubricated disks,
the original friction coefficient started at 0.48 and then remained between 0.32 and 0.48 for only
30 revolutions before it became unstable. In Fig. 3.2 (b), for the DLC coategd AC slider on
X-1P lubricated disks, the initial friction coefficient started at 0.14, suddenly dropped to 0.03 and
then was stable between 0.02 and 0.06 for just 42 revolutions before the disk was worn. In Fig.
3.3 (a), for the uncoated A/TIC slider on the disks with the mixed lubricant, the friction
coefficient started at 0.027, suddenly dropped to 0.015 and then it was stable at 0.015 for 236
revolutions before it dropped and became unstable. In Fig. 3.3 (b), for the DLC colgdigl
slider on the disks with mixed lubricant, the original friction coefficient started at 0.023, suddenly
dropped to 0.013 and then was stable between 0.008 and 0.013 for more than 1096 revolutions
before the disk was worn. Comparing these results shown in Fig. 3.1 to Fig. 3.3, we find that the

DLC coated sliders show a much better wear durability and lower friction coefficient than the



uncoated sliders for all three lubricants. The coated sliders reduced the friction coefficients by
about one order of magnitude for both the Z-Dol lubricated and the X-1P lubricated disks, but not
as much for the disks with the mixed lubricant. The slider coating improved the wear durability

by 130% ( from 138 Revs to 316 Revs ) on the Z-Dol lubricated disks, 40% on the X-1P

lubricated disks and 360% on the disks with mixed lubricant.

Figure 3.4 shows the mass spectra produced by (a) uncoated and (b) DLC coated
Al,O4/TIiC sliders on the Z-Dol lubricated 5% CHx disks. The spectra are normalized by the
strongest mass peak in each drag test. In Fig. 3.4, for the uncoated slider, the highest mass peak
is located at mass 51 (gHp) followed by mass 47 (CFO) and then mass 63)Ck Fig. 3.4, for
the coated slider, the strongest mass peak is at 47 (CFO) instead of masg§1f@éwed by
mass 66 (CJO) and mass 69 (GF Comparing the mass spectra of the uncoated and coated
sliders in Fig. 3.4, we see that the normalized intensities of mass 8)(@kass 69 (C§ and
mass 119 (&) were reduced by the coated slider as compared to the uncoated slider. In Fig.
3.5, for the uncoated slider on the X-1P lubricated disk, the highest mass peak was located at mass
69 (Ck) followed by mass 112 (Fg8,-OH) and mass 162 (G¥¢H4-OH). For the coated
slider, the strongest mass peak was still at mass 69, ([GRowed by mass 51 (GH) and mass
31 (CF). Comparing the spectra between the uncoated and coated sliders in Fig. 3.5, we see that
the normalized intensities of mass 112 @H£OH) and mass 162 (GfsH4-OH) were reduced
more than the other mass intensities by coating the slider. In Fig. 3.6, for the uncoated slider on
the disks with mixed lubricant, the highest mass peak was located at mass 47 (CFO) followed by
mass 69 (Cf and mass 66 (GB). For the coated slider, the strongest mass peak was still at

mass 47 (CFO) followed by mass 66 (OF and mass 51 (GH). Comparing the uncoated and



coated slider results in Fig. 3.6, we see that the normalized intensities of mass)@h@Rass

119 (GFs) were reduced significantly by coating the slider.

3.2 CH; Coatings with Two Different Hydrogen Levels

Figure 3.7 shows the friction coefficients of the drag tests performed on the Z-Dol
lubricated 40% CHx disks. In Fig. 3.7 (a), for the uncoateDATIC slider on the Z-Dol
lubricated disk, the initial friction coefficient started at 0.21 and then varied between 0.23 and
0.18 for 180 revolutions before it became unstable. For the DLC coai®g AC slider on the
Z-Dol lubricated disk, the original friction coefficient began at 0.031 and gradually dropped to
0.01, and then it was stable between 0.008 and 0.012 for 492 revolutions before this disk showed
a wear track. Comparing the results in Fig. 3.1 and Fig. 3.7, we see that the friction coefficient on
the Z-Dol lubricated CHx coated disks decreased as the hydrogen percentage increased for both
the uncoated and coated sliders. The wear durability was also improved significantly by
increasing the CHx percentage for both the uncoated and coated sliders. Figure 3.8 shows the
mass spectra produced by the uncoated and coat®d/ KL sliders on both 5% and 40% CHXx
Z-Dol lubricated disks. The spectra were normalized by the strongest mass peak in each test. In
Fig. 3.8 for the uncoated slider on 40% CHx disks, the highest mass peak is located at mass 47
(CFO) instead of at mass 51 ({EF as on the 5% CHx disks in Fig. 3.4, and it is followed by
mass 51 (CfH) and mass 66 (GB). In Fig. 3.8 for the coated slider, the highest mass peak is
located at mass 47 (CFO), the same as on the 5% CHx disks, and it is followed by mass 66
(CR0) and mass 5(CF,H). Comparing the mass spectra of the uncoated and coated sliders in

Fig. 3.8 on the 40% CHx disks, we see that the normalized intensities of massi3), (@dss 69



(CR3) and mass 119 ¢Es) were reduced significantly for the coated slider, the same result as on

the 5% CHx disks.

3.3 Comparison of Disks with Three Different Lubricants

Figure 3.9 shows the relative average friction coefficients before wear of the 5% CHXx
disks with the three different lubricants, and with sliders with and without DLC coatings. In Fig.
3.9, the data shows that the disks with mixed lubricant had lower friction coefficients (0.0136
with the uncoated slider, compared to 0.0121 for the coated slider) than both the Z-Dol lubricated
disks (0.25 for the uncoated slider and 0.015 for the coated slider) and the X-1P lubricated disks
(0.309 for the uncoated slider and 0.044 for the coated slider). Figure 3.10 shows the same trend
for the relative average friction coefficients before wear of the 40% CHXx disk as in Fig. 3.9 for the
5% CHx disk. The average friction coefficients for all three lubricants and both sliders were
reduced abol20~50% when the percentage of hydrogen content in thewzds increased from
5% to 40%. Figures 3.11 and 3.12 show the relative number of drag revolutions before wear of
the 5% and 40% overcoats for the three different lubricants, respectively, for both the uncoated
and coated sliders. In Fig. 3.11, the data shows that the disks with the mixed lubricant had better
wear durability (236 Revs for the uncoated slider as compared to 1096 Revs for the coated slider)
than both the Z-Dol lubricated disks (138 Revs for the uncoated slider and 316 Revs for the
coated slider) and the X-1P lubricated disks (30 Revs for the uncoated slider and 42 Revs for the
coatedslider). Figure 3.12 shows teametrend. Comparing Fig. 3.11 and 3.12, we see that the
wear durability is better when the hydrogen level is increased from 5% to 40%. Figure 3.13
shows the un-normalized mass average intensities from the first 40 dragging revolutions on the Z-

Dol lubricated disks and on the disks with the mixed lubricant. In Fig. 3.13, we see that all



fragment intensities were reduced by at least one order of magnitude by the mixed lubricant as
compared to the pure Z-Dol lubricant. From this observation, we conclude that the mixed

lubricant performed better than pure Z-Dol.

IV Discussion and Conclusions

The CHx disks with different lubricants were drag tested in UHV with both uncoated and
DLC coated AJO5/TiC sliders. The coated slider shows a much better wear durability and lower
friction coefficient than the uncoated slider. In Fig. 3.4, comparing the relative normalized
intensities of mass 47 (CFO) and mass 66.,QJFwhich are believed to be contributed by
thermal desorption means when under mechanical sliding [Ref.6], with those of mass;)69 (CF
and mass 119 (Es), which are due to the catalytic reaction [Ref.6] at the head-disk interface, we
see that catalytic reaction between the Z-Dol an@Alvas significantly decreased by coating the
slider. The advantage of the carbon coated slider can only be understood when a layer of lubricant
is applied on the disk surface. This layer of lubricant helps the carbon coated slider protect the
disk overcoat better than the uncoated slider [Ref.7]. In Fig. 3.5, the normalized intensities of
mass 112 (F-gH,-OH) and 162 (C§CgH4-OH), which could possibly be due to the catalytic
reaction between X-1P and ,8; were also significantly reduced for the coated slider.
Therefore, the carbon coated slider protected the overcoat with the X-1P lubricant as well. In Fig.
3.6, we observe that the same trend occurred on the disks with the mixed lubricant.

Comparing Fig. 3.1 with Fig. 3.7, we observe that the friction coefficients on the Z-Dol
lubricated CHx coated disks decreased as the hydrogen percentage increased for both the uncoated

and coated sliders. One explanation is that the increased hydrogen content satiates the dangling

10



bonds of the carbon atoms at the overcoat interface and reduces direct interactions at the interface
[Ref.8], resulting in a decreased friction coefficient and a much better wear durability. In Fig. 3.8,
we see that the normalized intensities of mass 69) (@t mass 119 ¢Es) are higher than that

of mass 66 (CJO) on the 5% CHx coated disks, but those of mass 69) @t mass 119 ¢Es)

were lower than that of mass 66 ¢Cl on the 40% CHXx coated disks. From these results it can

be concluded that the higher level of the hydrogen content in the overcoat can help the sliding
interface resist the catalytic effect between Z-Dol ang4lresulting in a better wear durability

and a better friction performance. Figure 3.8 showed a consistent result between the 5% and 40%
CHx disks with uncoated and coated sliders.

From Fig. 3.9 to Fig. 3.12, we see that the mixed lubricant had better wear durability and a
lower friction coefficient than pure Z-Dol or pure X-1P. Comparing Fig. 3.5 with Fig. 3.6, we
observe that the normalized intensities of mass 11Zlfz-OH) and mass 162 (GfsH4-OH),
which indicate the catalytic reaction between X-1P anDAlwas reduced to a very low level for
the mixed lubricant as compared to pure X-1P. One possible explanation is that the Z-Dol
protected the slider from catalyzing the decomposition of X-1P at the interface, resulting in a
reduced friction coefficient and much better wear performance. On the other hand, X-1P is also
used as a mixture with Z-Dol to pacify the head from catalytic reaction with Z-Dol. In Fig. 13, we
see that all fragment intensities have been reduced by at least one order of magnitude for the
mixed lubricant as compared to pure Z-Dol. From this observation, we can conclude that X-1P
also protected Z-Dol from the catalytic reaction at the interface, and therefore the mixed lubricant
performed better than pure Z-Dol or pure X-1P, both on wear durability and on friction behavior.

The results presented here show that optimized slider-disk interfaces for wear durability

require appropriate combinations of lubricants and slider-disk surface materials.
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Fig 3.1 Drag tests of uncoated (a) and coated (b)8l3/TiC sliders on Z-Dol lubricated 5%

CH, disks. Friction were recorded versus real time.
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Fig 3.2 Drag tests of uncoated (a) and coated (b),8ls/TiC sliders on X-1P lubricated 5%

CH, disks. Friction were recorded versus real time.
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Fig 3.3 Drag tests of uncoated (a) and coated (b) #813/TiC sliders on lubricated 6% X-1P

Z-Dol lubricated 5% CH disks. Friction were recorded versus real time.
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Fig 3.4 Mass spectra produced by uncoated (a) and coated (b)®@4/TiC sliders on Z-Dol
lubricated 5% CHy disks. The recorded mass fragments were: mass 31 (CF), mass 47
(CFO), mass 50 (CEk), mass 51 (CEH), mass 66 (CEO), mass 69 (Ck), mass 119 (GFs),

mass 112 (F-GH4-OH) and mass 162 (CgCgH4-OH).
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Fig 3.5 Mass spectra produced by uncoated (a) and coated (b)®4/TiC sliders on X-1P
lubricated 5% CHy disks. The recorded mass fragments were: mass 31 (CF), mass 47
(CFO), mass 50 (CEk), mass 51 (CEH), mass 66 (CEO), mass 69 (Ck), mass 119 (GFs),

mass 112 (F-GH4-OH) and mass 162 (CgCgH4-OH).
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Fig 3.6 Mass spectra produced by uncoated (a) and coated (b).®@YTiC sliders on
lubricated 6% X-1P Z-Dol lubricated 5% CHy disks. The recorded mass fragments were:
mass 31 (CF), mass 47 (CFO), mass 50 (FFmass 51 (CEH), mass 66 (CEO), mass 69

(CF3), mass 119 (@Fs), mass 112 (F-GH4-OH) and mass 162 (CECgH4-OH).
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Fig 3.9 Relative average friction coefficients before wear of 5% CHx disks with different
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Fig 3.10 Relative average friction coefficients before wear of 40% CHx disks with different

lubricants by with and without CHx coating AI203/TiC sliders during drag tests.
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Fig 3.12 Relative number of drag revolutions before wear of 40% CHx disks with different

lubricants by

with and without CHx coating AlI203/TiC sliders during drag tests.

25



3.0E-10

E 5% CHx Z-Dol
Uncoated Slider
2.5E-101 B 5% CHx Z-Dol
Coated Slider
2.0E-10 [05% CHx Mixed
Uncoated Slider
) 015% CHx Mixed
5 15E-10° Coated Slider
c
1.0E-10
5.0E-11 -
0.0E+00 -
w N Ul ol o o)) = [ =
N Iy Q@ s oy © = = o
@ @ @ @ O 0 P N N
T T U U T T @] O o
O N N N w N T4 o
= O gl s T w
T O
NN o
! I
B

Fig. 3.13 The relative average intensities of mass fragments of Z-Dol and 6% X-1P Z-Dol on

5% CHx disks by uncoated and coated sliders.
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