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Study on Scratch Reduction of HDD using Rounded-edge Slider
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Abstract

In recent years the flying height of the head/slider has been decreasing in order to increase the recording density of
hard disk drive (HDD). Accordingly, it was predicted that direct contact between slider and disk surface (slider slap) can
cause defects on the disk such as scratch and particle generation. In this work, we theoretically demonstrate the effect of
rounded-edge slider using Hertzian contact theory. Depth and width of scratch were predicted by plowing model.
Furthermore, as we fabricated rounded-edge slider, rounded-edge slider was tested and compared with sharp-edge slider.
The experimental results show rounded-edge was effective for reducing scratch depth.
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a = contact radius

r =radius

w = width of scratch

d = depth of scratch

p = normal pressure

N = normal force

P,= maximum contact pressure

E’ = composite modulus

E, = young’s modulus of slider

E; = young’s modulus of DLC

L; = poisson’s ratio of slider

v; = poisson’s ratio of DLC

h = vertical length of contact area between slider and
disk
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HDD, Slider slap, Scratch, Rounded-edge slider.
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Fig. 2 Image of (a)scratch tester and (b)schemetic of
mounted slider
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Fig. 1 SEM Images of (a)edge of slider and (b)rounded
edge slider
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Fig. 3 Optical microscopy images of scratch using
(a)sharp edge slider and (b)rounded edge slider
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Fig. 4 AFM images of each scratch (a)sharp edge slider
and (b)rounded edge slider
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Fig. 5 2D profile of each scratch (a)sharp edge

slider and (b)rounded edge slider
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Table 1 Depth and width of each scratch

3H b;ol-r_}_

Depth Width
Sharp edge slider 0.88 pm = 5% 6.30 um
Rounded edge slider 0.19 um = 5% 5.12 ym
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Fig. 6 Contact geometry of slider edge and disk®
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Table 2 Maximum pressure and contact area of
Slider and disk using Hertzian contact theory

sl=cia3e| EH

Py (BCI2H3) | a (H &)
Sharp edge slider 30 GPa 1.25 um
Rounded edge slider 4 GPa 3.38 um

Table 3 Hardness values of disk using nano-indenter

Position NiP NiP NiP NiP
(from surface) | 80 nm 180 nm | 230 nm | 460 nm
Hardness
(Kgdmm?) 886.1 834.6 8284 803.9
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Disk surface

Fig. 7 Schematic of contact between slider and disk
(a)side view and (b)front view at B axis

Disk surface

Fig. 8 Schematic of side view

Fig. 9 Idealized model of spherical tip
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