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Chapter 1. Introduction

Ever increasing recording densities require that a slider in hard disk drive must have an ulra-low flying height.
A flying height of approximately 6 nm is required to achieve a recording density of 100 Gbits/inch?. It is obvious
that at such a low flying height, deviation in flying height of individual sliders due to manufacturing tolerances
will become a big issue. That is, a +2 nm deviation of flying height would be larger, and a reduction in the
deviation either results in a poor yield or significantly increases production costs. Active sliders have been
fabricated to adjust flying height for contact recording or load/unload on demand system. Therefore, an active-
head slider, which allows the ﬂying height to be adjusted individually and the manufacturing tolerances to be
compensated, has been developed. This slider carries a unimorph piezoelectric micro-actuator and its flying height
can be adjusted to a specified value on demand.

When adjusting the flying height of the active-head slider toward the disk surface, it is very likely that the slider
will contact the disk surface. Furthermore, since an atomic-level smooth disk is necessary for such a low flying
height, head-disk contact may cause large friction and increase the risk of a head crash. Reducing friction and
minimizing the damage due to slider-disk contact are serious issues regarding an active-head slider.

Several researchers have reported that it is possible to effectively reduce friction force at the head-disk interface
by giving the disk a texture. A slider texture can also reduce friction when the slider contacts the disk. However,
as mentioned above, a disk texture prevents a slider flying over the disk at such a low flying height. Regarding the
slider texture, it is difficult to ensure that the peaks of the texture are closer to the disk than the read-write element
and spacing loss due to texture is minimized.

In response to the above-mentioned issues, a novel method that enables an active-head slider to approach a disk
surface safely with micro-vibration is proposed to reduce friction against slider in this study. The feasibility and
effectiveness of this new method is discussed. An active-head slider is designed and fabricated. Friction control
and flying height adjustment is discussed based on the fundamental static and dynamic characteristics of the

fabricated active-head slider.
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Chapter 2. Basic study of friction control by micro-vibration between head-slider and disk

To identify the possibility of application of this method to a hard disk drive, a model active shider wag
introduced to basically study friction control by micro-vibration in this chapter. The effect of micro-vibration op
friction between slider and disk in hard disk drive was investigated. Friction decreases with increasing the
amplitude of vibration of a head slider. It is found that the micro-vibration can reduce friction, especially, when
the disk is smooth and the load is light. It is also found that a certain vibration amplitude is necessary to reduce
friction significantly. In addition, the resonant frequency of the piezo-actuator is found to shift to higher at higher
suspension load. This frequency-shift is considered to be an important factor in optimizing the drive frequency of

the actuator.

Chapter 3. Micro-vibration effect on friction between head and disk under micro-load

In this chapter, the preliminary experiments based on the model head were conducted to study the influences of
the shape parameters of the contact pads and the influences of roughness on friction reduction by micro-vibration
under micro-load. The results indicate that friction decreases with increasing the micro-vibration amplitude. For
this model head, 360 nm is the optimum amplitude for friction reduction when a slider comes in contact with the
disk surface. At an optimal amplitude of micro-vibration, roughness hardly affects friction, while roughness
affects the friction force significantly without micro-vibration. It is also found that an amplitude of vibration larger
than 360 nm is necessary to effectively reduce friction force under a 0.25 mN load for a smooth disk with surface

roughness of 0.3 nm, as shown in figure 1.
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Figure 1 Friction force as a function of vibration amplitude under a 0.25 mN load
(Disk surface with roughness of 0.3 nm)

Chapter 4. Design and fabrication of pico-sized active-head sliders
In this chapter, pico-sized active-head sliders were designed and fabricated, based on the results from chapter 2

and chapter 3. The purpose of this chapter is to design and fabricated a pico-sized active-head slider for flying
height adjustment and friction control. The active-head slider that can finely tune the flying height of a read-write
head with a micro-actuator for the purpose of abandoning the extra flying height clearance due to manufacturing

tolerances and environmental variances is designed to achieve a lower flying height. A prototype active-head

— 202 —



slider with size of 1.4 mm (L)x1.0 mm (W)x0.3 mm (H) is fabricated by using the MEMS process for the

following evaluation in the next chapter as shown in figure 2.

Figure 2 Fabricated pico-sized active-head slider

Chapter 5. Static and dynamic characteristics of active-head sliders

In this chapter, the static and dynamic characteristics of fabricated active-head sliders were evaluated. The
purpose of the chapter is to obtain the fundamental data for flying height adjustment and friction control. Static
and dynamic characteristics of such active-head sliders have been further investigated by laser Doppler vibrometer
and Wyko surface profiler in order to obtain the fundamental data for flying height control from the viewpoint of
friction reduction and head crash prevention. It is found that the normalized stroke of the actuator is 5.2 to 6
n/'V/mm? without flying over the disk. Frequency characteristics of fabricated active-head sliders have been
confirmed. The fabricated active-head slider shows good frequency response without inducing large vibrations of
an air-bearing pad. The resonant frequency of the fabricated active-head slider is 243 kHz, which is enough for
tracking the disk surface when vibration is applied to control the friction force. Frequency is set at 250 kHz for

friction control by micro-vibration.

Chapter 6. Friction control and flying height adjustment of active-head sliders

In this chapter, the flyability, flying height adjustment and friction control using fabricated active-head shder
were investigated by means of Dynamic Flying Height Tester (DFHT). It is found that flying height at active-pad
(A) can be reduced from 24 to 10 nm by applying 10 V to the actuator as shown in figure 3. The flying height
adjustment can only be applied at the active-pad (A) and has no effect on the dynamic flying characteristics of the
whole slider (air bearing pad B and C) as shown in figure 3. Furthermore, micro-vibration of active-pad is
effective in avoiding the high friction force and the head crash when active-pad comes in contact with the smooth

disk surface during the flying height adjustment as shown in figure 4
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Figure 4 Flying height at active-pad (A) and air bearing pad (B) with and without vibration

as a function of velocity on glass disk with roughness (Ra) of 0.6 nm

Chapter 7 Conclusions
This chapter presents the conclusions of this thesis. To achieve a high recording density and a low flying height

for magnetic memory devices, active-head sliders are developed. These sliders carry a piezoelectric actuator for
friction control and precise control of flying height. The possibility and effectiveness of friction control by micro-
vibration are approved. Micro-vibration is effective to avoide a high friction force and a head crash when a head

comes to contact with smooth disk surface during flying height adjustment.
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