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Study of Air Bearing With Grooved Disk Surface in
Near-Field Optical Disk Drives

H. C. Wang, T. S. Liu, and C. S. Chang

Abstract—To achieve stable flying height of a pickup head in
near-field optical disk drives, the influence of disk grooves on the
airflow of an air bearing deserves investigation, since at a very
low flying height, groove geometry is comparable to the flying
height. This paper aims to compare air bearing airflows between
near-field optical disks with grooved surface and conventional
disks without grooved surface. Computational results show that
grooved disks generate smaller pressure than smooth disks since
grooves can accommodate air molecules and tune air pressure.
Flying higher makes pressure magnitudes closer between grooved
disks and smooth disks in negative pressure area on slider bottoms.
Further, track pitches and groove depths essentially do not affect
pressure at rails.

Index Terms—Air bearing, direct simulation Monte Carlo
method, near-field optical disk drive, pickup head.

I. INTRODUCTION

Anear-field optical disk surface is full of tracks, consisting
of groove and land regions, in contrast to texture surface

on magnetic disks. The grooved surface on the disk in the
presence of grooves and lands influences air bearing and hence
flying of a slider that is carried by a pickup head.

A statistics-based method, the direct simulation Monte Carlo
(DSMC) method that has been introduced by Bird in the early
1970s can predict the airflow behavior in air bearings [1]. The
DSMC method is capable of dealing with quasi-contact, contact,
and three-dimensional (3-D) geometry. The validity of DSMC
has been proved by comparing with a modified Reynolds equa-
tion in rarefied gas simulation [2]. The 3-D DSMC method and
molecular gas film lubrication method yield similar results in
the range of Knudsen number up to six for minimum spacing of
10 nm [3]. For hard disk drives, Huang and Bogy [4] conducted
simulation for a flat slider with a spherical asperity underneath
when the tip of the asperity contacts a plane moving at constant
speed. Liu and Ng [5] examined posture effects on slider air
bearings in hard disk drives. Phillips and Jhon [6] used a kinetic
Monte Carlo technique to analyze nanoscale lubricant films on
hard disks.

This paper investigates the air bearing when a slider flying
above the near-field optical disk. The literature has not presented
air bearing models with grooved disk surface. Hence, this paper
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Fig. 1. Air bearing model in DSMC.

uses the DSMC method to develop the air bearing model. Pres-
sure distributions between CD/DVD with smooth surfaces and
the near-field optical disk are compared.

II. DSMC METHOD

The air bearing force and flying height analysis are crucial for
slider air bearing design. In this paper, the flying pickup-head
flies within the range of the mean-free path of gas molecules
( at STP for air).

At the head/disk interface, disk rotation brings air under the
slider to create pressure and provides a lifting force that causes
the head to fly above the disk. Unlike molecular dynamics
methods, the DSMC method provides probability and average
physical quantities instead of predicting the instantaneous
state of each air molecular particle, since at standard atmo-
spheric pressure, there are about 7400 air molecules in 65 cube
nanometer volume. The average physical quantities assumption
reduces significant calculation time. Hence, to construct models
at nanoscale, the DSMC method is a good choice.

The gas under the slider is assumed to be dilute so that the in-
teractions between particles are modeled as two-body collisions
and the potential energy of particles is negligible compared to
the kinetic energy. Since the real air is mixed by 4/5 nitrogen
and 1/5 oxygen, it is complicated to deal with the polyatomic
molecule and mixed gas using DSMC. This paper uses argon
in computing averaged quantities, including momentum and ki-
netic energy, instead of the real air molecules. The potential en-
ergy and mean-free path of each air molecular is similar to those
of argon. There are two kinds of boundary conditions amid the
slider and the rotating disk: solid walls and fluxing reservoirs.
The slider and disk are treated as solid wall and the four sides
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at the region between the slider and disk are treated as fluxing
reservoirs.

III. COMPUTATIONAL RESULT

Fig. 1 shows a 3–D gas bearing configuration in the present
DSMC method. The length L of the slider is prescribed as 4
and its width W is 3.3 . The pitch angle is 0.01 rad. The
disk speed U is 10 m/s. The gas is chosen to be argon with
temperature and density . The
mean-free path of gas molecules of argon is 62.5 nm. Fig. 2
shows a slider with two rails that will be investigated in this
paper. The minimum flying height appears at the rail 1.5
along the direction. The rail height is 0.7 . Fig. 3 shows
a near-field optical disk with grooved surface. Unlike conven-
tional optical disks, the recording layer of the near-field op-
tical disk is on the disk surface. Hence, the recording tracks
with the grooves and lands constitute disk roughness. The ge-
ometry of a near-field optical disk is full of tracks on the disk
surface although only two grooves are depicted in Fig. 3. A track
pitch consists of a groove and a land. The groove depth is pre-
scribed as 50 nm. The widths of the groove and land are 100
and 200 nm, respectively. When the distance between the slider
and disk is around 50 nm, the disk groove effects cannot be ne-
glected. It follows from calculation that the slider covers about
eleven tracks when the slider is flying above the near-field op-
tical disk. The grooves become reservoirs that store inside air
molecules. Air molecules inside grooves when the slider covers
eleven tracks maintain approximately the same density as those
when the slider has not yet covered the tracks. Moreover, the
number of air molecules inside grooves is always not ignorable.

Fig. 4 compares pressure distributions on the bottom surface
of a two-rail slider at flying height of 11 nm above a grooved
disk and a disk with smooth surface. The lower pressure dis-
tribution appears when the slider is flying above a grooved
disk rather than a smooth disk. As a consequence, the lift force
caused by a rotating grooved disk is lower than that causing by
a rotating smooth disk. In a manner similar to Fig. 4, Figs. 5–7
compare slider pressures at different flying heights. The lower
pressure in grooved disks represents that the air bearing will
provide lower lift force. Hence, it is lighter slider mass that
is suitable for grooved disks. The air bearing cannot carry the
same weight of the slider when it flies above grooved disks.

Comparing Figs. 4(a), 5(a), 6(a), and 7(a) show that for
grooved disks, slider pressure increases with lower flying
height. Since lower flying height implies closer distance be-
tween the slider and disk surface, such that air molecules collide
with the slider bottom more frequently.

According to Figs. 4–7, the existence of disk grooves does not
change the pattern of pressure distribution. The highest pressure
among pressure distribution decreases with increasing flying
height. Each of Figs. 4–7 shows that lower pressure appears
when a slider flies above a grooved disk rather than above a
smooth surface disk.

Grooves in tracks on near-field optical disk surface store al-
most the same density of air molecules as that when the slider
does not cover grooves. When the pressure between the slider
and the land region changes since the slider flies above certain

Fig. 2. Geometry of slider with two rails.

Fig. 3. Near-field optical disk with grooved surface.

Fig. 4. Pressure distribution on slider at 11-nm flying height above (a) grooved
disk and (b) smooth surface disk.

Fig. 5. Pressure distribution on slider at 16-nm flying height above (a) grooved
disk and (b) smooth surface disk.

tracks, the groove region in those tracks can tune the pressure, in
a manner similar to the effect of electrical capacitors that tuning
the number of charges. However, when the slider flies higher,
this tuning effect fades. Since the number of air molecules in
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Fig. 6. Pressure distribution on slider at 21-nm flying height above (a) grooved
disk and (b) smooth surface disk.

Fig. 7. Pressure distribution on slider at 26-nm flying height above (a) grooved
disk and (b) smooth surface disk.

the groove region remains stable, higher flying, i.e., longer dis-
tance between slider and disk enlarges the control volume and
the tuning effect due to grooves becomes no longer significant.

Comparing Fig. 7(a) at 50-nm groove depth and Fig. 8 at 40-
and 60-nm groove depths shows that rail regions maintain the
same pressure distribution. Comparing Fig. 7(a) at 300-nm track
pitch and Fig. 9 at 270- and 330-nm track pitches shows that
pressure in rail regions remain the same.

IV. CONCLUSION

This paper showed that grooves in the near-field optical disk
indeed affect pressure distribution and hence the lifting force
on the slider. Computational results showed that grooved disks
generate smaller pressure than smooth disks since grooves can
accommodate air molecules and tune pressure. Further, track

Fig. 8. Pressure distribution on slider at 26-nm flying height for groove depth
(a) 40 and (b) 60 nm.

Fig. 9. Pressure distribution on slider at 26-nm flying height for groove pitch
(a) 270 and (b) 330 nm.

pitches and groove depths essentially do not affect pressure at
rails.
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