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A Study on Head-Disk Interactions at Ultra-low
Flying Height in Contact Start-Stop

Unchung Cho'

Department of Mechanical Engineering, Korea Polytechnic University, Korea

Abstract — The height of laser bumps has been considered as the limit of the minimum flying height in the con-
tact start-stop (CSS) of hard disk drives. In this paper, tribological interactions at flying height under laser bumps
are investigated in a spin stand for development of ultra-low flying head-disk interface. With the reduction of
the spinning speed in a spin stand, the flying height is decreased under the height of laser bumps and, then, head-
disk interactions are investigated using AE and stiction/friction signals. During seek tests and 20000 cycle-sweep
tests, AE and stiction/friction signals are not significantly changed and there are no catastrophic failures of head-
disk interface. Bearing analysis and AFM analysis show that there are signs of wear and plastic deformation on
the disks. It is suggested that flying height could be as low as and, sometimes, lower than laser bump height.
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hard disk drive
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Fig. 2. 2-D AFM images of (a) irregular laser bumps
and (b) conventional laser bumps.
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Fig. 1. Head-disk interface in CSS with (a) a (b) Ultra-low flying head-disk interface with a padded
conventional pico slider and (b) a padded pico slider. slider and a laser textured disk

Fig. 3. Ultra-low flying head-disk interface in CSS.
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(a) (®

Fig. 4. Optical micrographs of (a) a conventional pico
slider and (b) a padded pico slider.
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Fig. 5. AFM image of landing zone on disk (a) A, (b) B
and (c) shape of a laser bump on disk A and B.
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Fig. 6. (a) Head, IP, OP, IMin, OMin and (b) flying
heights of a conventional pico slider.
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Fig. 7. (a) Head, IPad, OPad, IMin, OMin and (b)
flying heights of a padded pico slider.
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Fig. 8. AE and stiction/friction signals in the seek tests

of 2.54 mm stroke (a), (b) and 10.16 mm stroke (c), (d)
for the conventional pico slider and disk A.
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Fig. 9. AE and stiction/friction signals in the seek tests
of 2.54 mm stroke (a), (b) and 10.16 mm stroke (c), (d)
for the padded pico slider and disk B.
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Fig. 10. AE and stiction/friction signals in the beginning
(a), (b) and ending (c), (d) cycles of the 20000 cycle-
sweep test of 2.54 mm stroke for the conventional pico
slider and disk A.
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Fig. 11. AE and stiction/friction signals in the beginning
(a), (b) and ending (c), (d) cycles of the 20000 cycle-
sweep test of 2.54 mm stroke for the padded pico slider
and disk B.
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Fig. 12. AE and stiction/friction signals versus time
during contact start/stop before (a), (b) and after (c),
(d) the 20000 cycle-sweep test for the conventional pico
slider on disk A.
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Fig. 13. AE and stiction/friction signals versus time
during contact start/stop before (a), (b) and after (c),
(d) the 20000 cycle-sweep test for the padded pico
slider on disk B.
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Fig. 15. (a) Before and (b) after the 20000 cycle-sweep
test, bearing analysis of a laser bump on disk B.
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