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Introduction
 The flying height of the slider should be smaller in order to achieve higher

recording densities.
 The air-bearing clearance in current HDDs has been decreased down to around 2
nm.

• At this ultra-low spacing lubricant

from the disk often transfers to
the slider’s air bearing surface
(ABS) forming a molecularly thin
film that imposes a significant
degradation on its performance.

 To achieve the future required subnanometer clearances, perturbations in the

lubricant film need to be kept to less than a few angstroms.
 Consequently, it is critical to make accurate predictions of the lubricant response at
the head-disk interface in order to engineer reliable HDDs.
 The accuracy of these predictions relies heavily on a proper understanding and
implementation of the lubricant’s disjoining pressure.

Introduction
 Lubricants in current HDDs have reactive functional end groups that bond the

lubricant to the disk overcoat [1].

 At a critical thickness, they form either multilayers or dewetting structures [2].

Multilayers

Dewetting

 Dynamics of nano-scale thin films is determined mainly by its disjoining pressure.
 Most studies in HDDs consider a disjoining pressure arising only due to van der

Waals forces.
 This provides only a crude estimate of lubricant behavior. It cannot predict the
dynamics of lubricant films where dewetting or multilayer formation occurs.
[1] Guo, X-C., et al., J. App. Phys. 100(4) (2006). [2] Ma, X. et al. J. Chem. Phys. 110 (1999).

Simulations
 Lube migration on the slider’s surface occurs in two ways:
 Flow: During HDD operations, the lubricant deposited on the ABS is moved

by air shear and accumulates on the slider’s ABS and trailing end.

Air shear
 Reflow: While drive is at rest, lubricant accumulated on the trailing end flows

back into the ABS causing undesirable contamination.

No air shear

ABS design and boundary conditions
 The trailing end lateral wall (a.k.a. deposit end) of the slider is unfolded to

study the outflow and reflow of lubricant through the slider’s edges using a
2D model.

 The air pressure and air shear stress fields were calculated only once for each

simulation using the CMLAir air bearing software.

Governing Equation
 The lubricant flow on the ABS is modeled mathematically as a continuum system

using classical 2D lubrication theory.
 Air shear stress, air-bearing pressure gradients, surface tension and disjoining
pressure are considered as driving forces in the mathematical model.
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Disjoining pressure
 Disjoining pressure is generated by diverse sources such as: van der Waals,

electrostatic and structural forces; the last one arises from molecules within the
film having a structure different from that of the bulk lubricant. Can decompose
the disjoining pressure in the form:
 These components can be highly dependent on each other.

In our simulations we used the disjoining
pressure shown in the picture which
roughly approximates that of a ZTMD
lubricant [1].

[1] C. M. Mate, IEEE Trans. Magn., vol. 47, 2011

Initial test
 We first test our 2D numerical simulation by considering the spreading of a

smooth step 22 nm high. As observed, the lubricant film generates a multilayer
structure that does not disappear with time, i.e. the “terraces” are stationary.
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• Our results show a multilayer structure with 6
layers (5 steps). The first monolayer has a
thickness of 1.5 nm.

• Experiments perform on Zdol [1] show a
multilayer structure similar to the one obtained
above.
[1] Ma et al. Tribol. Lett. 6(1) 9-14 (1999).

Results: Flow
 Governing eqn. is solved using a 2nd order accurate implicit FD scheme.
 Initial condition: uniform 1 nm lubricant layer on ABS and deposit end.
 Slider’s attitude: min FH=10 nm, skew=0°, pitch=120 μrad, roll=0 rad, radial

position=18 mm. Disk rotation speed=5400 rpm.
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Droplet formation of several
heights at those places where
the film exceeds the
monolayer thickness.
Large droplets near the
center of the deposit end
next to the read/write
elements.

van der Waals vs total disjoining pressure
 Most lubricant flow studies in HDDs consider a disjoining pressure arising solely

from van der Waals forces due to the simplicity of its mathematical expression,
i.e.
6
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 The results obtained by using

total disjoining pressure

Thickness profile at t=100s for a
lubricant using disjoining
pressure:

are considerably different to those using the
as shown below:

Thickness profile at t=100s for a lubricant
using disjoining pressure:

Results: Reflow
 Simulate the lubricant reflow when the HDD is at rest.
 After 100s of HDD operations, suppress air shear stress and air bearing pressure.
 Lubricant migration is driven only by disjoining pressure and surface tension.
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Lubricant diffuses evenly
on those regions where
accumulation was large.
However, many thick
droplets remain in many
places; in particular next
to the read/write
element.

Conclusions
 A disjoining pressure that takes into account van der Waals, structural and






electrostatic interactions was implemented in the lubricant flow simulations.
During operations of the HDD, lubricant flows and accumulates on the ABS
driven by air shear, air bearing pressure, disjoining pressure and surface
tension.
The lubricant film forms droplets at places with thickness larger than a
monolayer due to the characteristics of the disjoining pressure.
No instabilities are found when disjoining pressure is determined only by
van der Waals forces.
When the HDD is at rest, lubricant accumulated on the ABS diffuses in all
directions flattening out the film. However, large droplets remain on the
ABS after 100 s of reflow.

Future Work
 Compare numerical simulations with experiments.
 Study the lubricant dynamics on the disk surface.
 Implement a solver that updates the sliders flying height (hence

the air shear stress and air bearing pressure) as the lubricant flows
on the surface of the disk and ABS.
 Determine conditions in HDD that may induce instabilities at the
head-disk interface.
 Study the behavior of diverse PFPE lubricants.
 Consider the effects of slider flying height, skew angle and slider
design on the lubricant flow.

