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Abstract

Low mass flying heads for magneto-optic recording would yield fast access times. A design
concept for such a head was proposed and computer modeling of its flying characteristics were
conducted. Calculations indicated that the head (slider) will follow low frequency undulations of
the disk (resulting from disk run-out and disk warp) to within one depth of focus of the
read/write beam. Thus the illuminating laser spot would be kept in focus in the presence of low

frequency asperities, without the aid of extraneous focusing gear.

However, the major advantage of magneto-optic disk storage is disk removability. Therefore, the
presence of high frequency asperities such as dust particles is quite possible. An active slider
which has adjustable flying characteristics was designed in order to meet this high frequency

focusing demand without the assistance of conventional electro-magnetic focusing gear.

Sliders were micro-machined from silicon, and were actuated both using plate type piezoelectric
actuators and bimorph style actuators. Preliminary testing of the devices were conducted to

ascertain the feasibility of this design.
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1 Introduction
1.1 Background

Current magneto-optic disk drives have relatively slow access times primarily due to the inertia
of the optical components and the electromagnetic focusing gear resident in the head. Flying
magneto-optic heads, where the main objective lens is mounted on a flying slider while the
focusing gear is relegated to a fixed location, have been proposed by other researchers!. The
flying head would maintain a fairly constant disk-lens separation, and the main focusing gear
would not require as large a range as in a conventional system. Therefore the head would be of

relatively small mass.

Although the passive flying slider would maintain an adequately constant separation in the face
of low frequency undulations such as disk run-out (which has a frequency corresponding to the
disk rotation frequency) or disk warp (with a frequency twice the rotation frequency) it cannot
maintain the laser spot in focus in the presence of asperities with high frequency components
such as dust particles, fingerprints on the disk surface etc. An active flying slider, whose flying
characteristics could be varied actively may be able to maintain the illuminating laser spot in
focus even when encountering high frequency asperities with minimal or no assistance at all

from an electromagnetic focusing system.

Light-weight high numerical aperture micro-lenses suitable for such a flying slider are being

developed by other researchers2.



1§

1.2 Proposed Designs

Common actuation methods utilized in micro-actuators are piezo-electric, magnetic3, thermal bi-
morph? -3, and electrostaticO. Electrostatic actuators can be made only attractive, and thermal
bimorphs are not suited for high speed applications such as this because of the thermal mass

involved.

A large air bearing surface is needed to achieve a high fly height and an adequate change in fly
height during slider actuation. A 10mm x 5mm single rail slider was chosen for our design. A fly
height of a few microns is envisaged for such a slider. However, the lens-media separation is
limited by the numerical aperture of the lens to a few milli-meters. This necessitates off-setting

the lens by 1-2 milli-meters from the air bearing surface of the slider.

Two different designs were proposed to implement the active flying head. The first slider design
(figure 1) consists of a slider with slits on its bottom surface. Directly above this is a movable
membrane with slits perpendicular to the slider slits. The faces of the membrane and the slider
are metallized, so that an electric potential could be applied to them, causing them to
electrostatically repel each other. This in essence serves as a valve that lets out the air from the

slider air bearing, thus making the slider drop towards the disk.

Figure 2 depicts the second design, which consists of a plate-type PZT piezoelectric actuator
bonded to the back of the slider. Applying a voltage to the PZT causes it to contract, bending the
slider at a thinned portion of the slider (see also figure 4a). This effectively introduces a variable
leading edge taper which causes the slider to pitch up or down and thus fly higher or lower.
Alternately, a piezoelectric bimorph could be bonded onto the silicon slider to bend the slider. In
this case, the slider will bend in order to follow the curvature of the bimorph, rather than due to

the contraction of the length of the piezoelectric.



Electrostatically actuated membrane

Figure 1 : Electrostatically controlled air orifices

v

Leading edge step Lens aperture

Figure 2 : Piezo-electric bending slider




This design is similar to the programmable slider (PABS) for magnetic recording designed by
Khanna et al” (figure 3). Fly heights (measured at the rear of the slider) variable from ~53nm to
186nm for a slider approximately half the size of a 3380 slider have been reported by them. This
concept, with a more appropriate fly height for optical recording, has been chosen for our first

studies.

(bottom view)

) %// ;
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(side view)

Figure 3 : Programmable Air Bearing Slider (PABS) for magnetic recording



2 Calculations and Modeling
2.1 Bending the Slider Using a PZT Actuator

2.1.1 Bending the Slider Using a Plate Type Piezoelectric Actuator :

The force exerted by a plate-type PZT piezoelectric actuator is given approximately by8
F o =(s §Y)A (12)

where

d3; : piezo electric charge constant
V/6 : applied electric field ; & = PZT thickness = 0.050" (1.27mm)
Y  :Young’s modulus of PZT

A : Cross sectional area of PZT

For the convenience of electronic design, we have limited the applied voltage to ~10V.
Assuming all the bending occurs in the thinned region of the slider, it could be modeled as a

beam. Then the maximum beam deflection angle (see figure 4a) is given by?,

6 =Nk (1b)
where
L :length of silicon beam
1 : moment of inertia = Tli (width of silicon beam)*(thickness of beam)3
E  :Young’s modulus of silicon
M =F*(t +y) is the moment due to the PZT actuator, where t is the thickness of the

silicon substrate, F was given in equation la, and y is the beam deflection , given by,

2
ML
y = OEI (1c)

Slider bending angle (equal to the beam deflection angle) versus beam thickness is graphed in
figure 4b for two beam lengths. The other constraining condition is the change in length of the

PZT , which is given by,



Al =dgy — (2)
31 S
where 1 is the length of the PZT.
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Figure 4a : Side view of the bending slider - L =2.5mm, L1 = 6.5mm, L, = 1mm.

Therefore the maximum bending angle of the slider is limited to ~7 milli-radians. This
calculation assumes minimal yield of the bond between the PZT and the silicon slider, and

neglects any stretching of the slider.
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Figure 4b : Maximum slider bending angle for an applied voltage of 10V for different beam
lengths (L) and beam thicknesses .

2.1.2 Bending the Slider Using a PZT Bimorph ;

The free deflection of the end of a cantilevered PZT bimorph is given by10,

\%
Ay =3dj3; T8 12 (3a)

The blocked force (which is the minimum force required to keep the bimorph from bending for a
given applied voltage) is given by

Fb = Ay/Cm (3b)



Ch 1s the compliance of the bimorph, defined as
3
c, 4 1

* (3¢
YP; w3 :

where YDH 1s the Young's modulus of the open circuit piezoelectric element, and w is its width.
The load line for a bimorph at a given voltage, to a first approximation, is the straight line
between Ay and Fy,. A set of load lines for a 0.020" thick 10mm x 5mm PZT-5A type actuator is
shown in figure 5b. The force F generated by the bimorph is applied to the front end of the slider,
as shown in figure 5a. The entire deflection due to this force is assumed to occur at the thinned

region. Then the deflection of the leading edge of the silicon slider is,
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Figure 5 : (a) Silicon beam modeling parameters. (b) Load lines for the PZT bimorphs. (c) Slider
deflection for different beam thicknesses versus applied voltage.



y' =h+1,.0
FL° ML FL° ML
Y =387* 281 "k lzETY ET! (3d)

where the moment M is now F*L, /2. In order to find the slider deflection versus applied voltage,
equation 3c needs to be solved in conjunction with the load lines. Since y' =h + L, .0 = L 6/2+

L, 6, we can obtain the relationship between 6 and V, which is shown in figure 5c.

It is seen that the slider can be deformed as required with this method, although a substantially
higher applied voltage is required in order to achieve the same deflection as obtained with the

plate type piezoelectric actuator.
2.2 The Air Bearing

The air pressure profile for the slider air bearing is obtained by solving Reynold's equation!1 :

Soph 32+ 2 ph” 9B = 6Up P + 12, %P0 @
where

p,iL  :pressure and viscosity of the gas

h : gas film thickness

U : velocity of moving bearing surface

In order to find the equilibrium flying conditions of the slider, this non-linear differential

equation needs to be solved in conjunction with the force and torque equations :

a2
MEZ -w-F ()
ot
azoz
JXZ? = (Xp X)W + (xp-xp)F - Frz, - kg (0 - ag) (59)
t
where
L B
W = | [ @padxdy (62)
0 ¢

is the air bearing force, and
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, L Bx(p-p,) dx dy
X = Oj oj —w (6b)

is the distance from the leading edge of the slider to W. Here p, is the ambient pressure. Figure 6

. . . Jd z
provides a key to the parameters in the above equations. However at steady state, 5 = 0.

ot
Therefore
W =F (7
82a
Also —5 = 0. Neglecting the smaller terms,
ot
(Xp - X IW = -(xE - xb)F 8)
M : mass of slider
Jxz : moment of inertia of the slider

about the pivot axis

F : applied slider load
F; : viscous force on the slider due to s
the air bearing dnd
. . T S(x,y,t)
kg : torsional spring constant of the - ¥
suspension - X
U

Figure 6 : Parameters used in slider modeling equations!?

A FORTRAN subroutine that solved equation (4) using a finite difference method!3 was run
iteratively until the conditions of equations (7) and (8) were met. The Reynold's equation solver
calculated the pressure profile for a given air bearing surface. Then W and x” were calculated
from equations (6a) and (6b). From equations (7) and (8), xg = x’. The program was run for a
range of slider bending angles 6 and pitch angles o. The slider size was 5mm x 10mm, the slider-
disk relative velocity was 21.5 m/s and the normal load F was 20 grams. The resultant pool of
data consisted of h; (fly height at rear of slider) and xg (pivot point location) for different 6 and

a. This data was interpolated to obtain h, and o for specific pivot points xg.
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The results are formulated in figures 7a, 7b and 7¢, where fly heights and pitch angles are plotted

against O for two different slider pivot point locations (measured from front of slider). Although

pivoting further towards the rear of the slider would yield an even greater change in fly height

with 8, this approach could also lead to torsional imbalance during track seek!4.

Figure 7a shows the various parameters in the absence of a leading edge taper. However a small
leading edge taper needs to be incorporated in order to maintain dynamic stability!3; i.e. to
prevent the slider from acquiring a negative pitch angle and diving into the media. Figure 7b
depicts the behavior of the slider when a 0.39mm long 3pim deep step is introduced at the leading
edge. A step is substituted for a taper since the former could be more easily micro-machined. It
can be seen that this step makes the slider much less sensitive to the change in slider bending

angle. Figure 7c shows the dependence of the slider pitch angle on the slider bending angle 6.

The height at the bending axis, which is close to the mounting position of the lens, is seen to
change by ~1.1pm out of a total fly height of ~4.4um, a change of approximately 25%. This 25%
change in steady state fly height along with the resonance frequency of the system (see section
2.3) is considered an adequate change in slider characteristics to actively compensate for fly

height variations when encountering disk asperities (see section 2.5).
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Figure 7a : Fly heights for slider without a leading edge taper
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Figure 7c : Pitch angle for slider with a leading edge taper

The pressure profiles generated for the slider are shown in figures 7d and 7e. The pressure units

are Atmospheres, and distances along the slider are in milli-meters. These agree qualitatively

with those obtained for magnetic sliders16. The break points in the pressure profile, seen clearly

in figure 7e, correspond to the leading edge step and bending axis.

The Reynold's equation solver subroutine which was used in the program was supplied by V.

Natarajan of the Department of Mechanical Engineering at Carnegie Mellon University.
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Figure 7d : Three-dimensional pressure profile for the magneto-optic slider pivoted at a point
5.9mm from the leading edge, with leading edge step of 0.39mm (length) x 3pum (depth), bent at
an angle of 6 = 3 milli-radians at an axis 2.08mm from the leading edge. The equilibrium fly
height at the rear of the slider was 3.975um, and the pitch angle was 0.26 milli-radians.






