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Damping Coefficient , c11 (N.s/m)
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Abstract

In designing a magnetic head slider of hard disk drive , it is
important to keep the spacing between the head and the disk
surface as small and stable as possible. There are few papers
lreating the effect if ambient pressure change on the spacing.
Ambient pressure change . which occurs at location at high
allitude or in air planes , may have signification influence on the
spacing. In this paper , effects of the ambient pressure change

on the spacing during the magnetic head operated in stalic

condition. The spacing between the head and the disk was
investigated theoretically base on Fukui 8 Kaneko model | taking
the taper-flat type slider as and example . It is found from the
result that the spacing decrease with a decrease in the ambient

pressure.
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ABSTRACT

The conventional magnetic head sliders have flying heights approximately around
20 nm in the high capacity hard disk drive today . This paper presents the effect of the
recess depth on the static characteristic in subambient pressure head sliders with straight
rails. The control volume was formulated using the momentum and continuity equations
in the air bearing . Numerical scheme based on the finite volume technique was
developed to suppress the numerical difficulties caused by the clearance discontinuities
in the subambient pressure sliders. The static characteristic of the subambient pressure
sliders are calculated numerically to obtain the pressure distribution and the flying
height with varying the recess depth and the other parameters such as rail width, taper
length , taper angle , suspension position , preloads and disk velocity. The numerical
results show that the recess depth is the significant effect on the static characteristic of
the subambient pressure head sliders .

Keyword Subambient pressure slider, Static characteristic, Finite volume technique

INTRODUCTION

The design and development of hard disk drives for obtaining the highest capacity is
to keep the minimum spacing at trailing edge of the slider. Subambient pressure can be
generated at the recess region by changing the design parameters of the head slider or
varying recess depth. E. Cha and D.B. Bogy (1995) developed numerical scheme using
control volume formulation to simulate static flying condition and dynamic response of
subambient pressure slider with straight rail and Guppy slider. J.W. White (1997)
presented flying height and air bearing force of transverse and negative pressure contour
(TNP) . Y. Hu , P. M. Jones, K. Li (1999) shows air bearing suction force , air bearing
lifting force and flying height of subambient pressure slider during dynamic unload.
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THEORETICAL ANALYSIS

The schematic diagram of the magnetic head slider considered in this paper is shown
in Figurel. The read/write device is located at the trailing edge of the slider. The slider
was assumed to have two degree of freedom motion , translation perpendicular to the
disk surface and rotation around the transverse axis.

X3

_ Disk velocity

ST -

_____ /4B

-

Figure 1. The model of magnetic head slider

Applied the control volume as shown in Figure 2. to obtain the continuity equations
for air film between head slider and disk surface can be expressed in steady state
condition as :
i+l
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QY

e b *— |
e
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Figure 2. Control volume
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Where o(P,H) is the Poiseullie flow factor based on linearized Boltzmann equation

2 3
Kn Kn Kn
EH= — — | +a3|— 17
o(P.H) a0+a1(PHJ+a2(PHJ a3(PH) Wi
The boundary conditions are given as
P(0,Y)=P(1,Y)= P(X,%] = P(X,—%) = (18)

Force balance and moment balance equations can be written as

1/2 1

Fo=2 | [(P-1dXdY (19)
-1/20
1/2 1

Mo -FoXgs =2 | [(P-1){Xg —X)dXdY (20)
-1/20

L]

Air film thickness of magnetic head slider is shown below

" L
x2
3{*11
| T I 3
- Taper Rail
w
ros———— =T |2
|
v Recess y2
X
Fig.3 Air bearing surface considered half of the slider
h=hpg +(L—x)tand + (Lrp —x)tandpp ; (0<x<x1) and(Oﬁy s—"zi} (21)
h=hgg +(L—x)tan9 ; ((xleSx’Z)and(ylSyS%D
OI‘((XZ <x <L)and [y2 Ly < -\-;—D (22)
h=hrg +(L - x)tand + hgg /coso s (x1<x<x2)and (0 <y < y1))
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RESULTS AND DISCUSSIONS

Pressure distribution of subambient pressure slider is shown in Figure 4. for recess

depth 2.5 pm and disk velocity 20 m/s. Figure 5 and Figure 6 showed the pressure
profile along the middle of slider and along the middle of rail for the recess depth 1.5
pum , 2.5um , 3.5um respectively. In Figure 5, the pressure increase suddenly from
ambient pressure at the taper region along the center of the slider in longitudinal
direction and the pressure decrease rapidly to subambient pressure at normalized slider
length around 0.1. The pressure in the recess region keep near constant and then
increase to ambient pressure at trailing edge. For higher recess depth the lower pressure
can be obtained at leading edge as shown in Figure 5. and Figure 6. respectively.
The highest pressure occur near trailing edge at recess depth 0.25 pm.

Figures 7 to Figurell show the spacing at the leading edge and trailing edge , hip
and hrgr , at various recess depth. Leading edge spacing , hyp, decrease drastically with
increase in recess depth. Trailing edge spacing , hrr , decrease gradually and then going
up slowly. As the recess depth increase ,pitch angle trend to decrease . In Figure 7 ,
trailing edge spacing decrease slightly to the minimum spacing at recess depth 2.5 pm
and 2.75 um with disk velocity 20 m/s and 25 m/s respectively. In Figure 8 , trailing
edge spacing decrease gradually to the minimum spacing at recess depth 2.5 pm  for
slider rail width 0.32 and 0.35 mm , therefore the recess depth and rail width have
significant effect on the trailing edge spacing. In Figure 9 , for taper angle change from
15 mrad to 20 mrad, the leading edge spacing decrease but trailing edge spacing and
pitch angle have little effects. In Figure 10, for suspension position change from 1.05
mm. to 1.1 mm. then the leading edge spacing increase , trailing edge spacing decrease
and pitch angle slightly increase. Trailing edge spacing decrease gradually to the
minimum trailing edge spacing 2.5 pm. For suspension preload increase change from 60
mN to 80 mN then leading edge spacing trailing edge spacing and pitch angle decrease
a little as shown in Figure 11.

- Recess depth=1.5 pm
~ Recess depth=2.5 pm

—_— e e e
(= A

)
L
&
g

B 2 —

= 3 Recess depth=3.5 um

Y ~

E 'T'é 0.6

'§ £ 04

S Z 02

E

=) 0 - s . -

2 2 017, 0 02 04 06 08 10
Normalized Slider 0~ Normalized Normalized Slider Length (x/L)
Width (y/W) Slider Length .

(x/L) Figure 5. Pressure profile along

Figure 4. Pressure distribution profile the middle of the slider
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Figurel0. Variation of spacing with Figurell. Variation of spacing with
recess depth and suspension recess depth and preload
position
CONCLUSIONS

The simulation of subambient pressure sliders using finite volume technique are
clarified and can be concluded as : -

(i) The minimum trailing edge spacing is equal to 18 nm for subambient pressure
slider with recess depth 2.75 pum and rail width 0.32 mm.

(ii) Recess depth and disk velocity have significant effect on trailing edge spacing.

(iii) Recess depth has significant effect on the leading edge spacing.

(iv ) The pitch angle of the subambient pressure slider decrease with the increase in the
recess depth. The leading edge spacing increases with the decrease in recess depth.

NOMENCLATURE

B= slider rail width
fo=suspension preload

Fo= normalized suspension preload (=fo/p.LW)
h,=reference spacing

H= normalized spacing (=h/h,)
h; p=leading edge spacing
hrr=trailing edge spacing
hgr= recess depth
Kn=Knudsen number (=Ay/h,)
L= slider length

Lrp=taper length
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W=slider width

Mg=normalized moment (=mq/p.LW)

P=normalized pressure (=p/p,)

p.—ambient pressure

R=length to width ratio (=L/W)

U=disk velocity

Xg=normalized location of center of gravity (=x¢/L)
Xgs=normalized distance between center of gravity (=xgs/L)
Xs= suspension position

Xs=normalized location of support position (=xs/L)
Z=normalized translation displacement from disk surface (=z/ha)
0 = pitch angle

® = normalized pitch angle (=0L/h,)

A= bearing number (=61,UL/p, )

Orp=taper angle

A.= mean free path of the gas molecules

¢ = Poiseullie flow factor
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