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Study on the Effect of Particles Injected Into the Head/Disk Interface
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ABSTRACT

Particles in the HDD can cause serious damages such as scratches and thermal asperity(TA) at the
head/disk interface(HDI). Accordingly, particles cause data loss including physical and electrical
damages. To improve the reliability of head-disk interface, understanding the damage characteristics at
the HDI due to particle interactions is required. The materials such as Al:Os;, TiC and aluminum were
used in this experiment. The size and hardness of particles injected into the HDI are closely relevant
to surface damage caused the data loss on the disk and head. In this paper, a variety of scratches
were analyzed using scanning electron microscope(SEM) and atomic force microscope(AFM). In order
to analyze defects of very small size on the disk, optical surface analyzer(OSA) was also used.
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(¢) TiC 2um (d) Aluminum
Fig. 3 Attached particles to the respective slider
after a data reading test
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Fig. 4 Damages of head-slider due to ALO; particles (1 U m)
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(a) 3D image of scratch for 2pm TiC
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(b) 2D porfife of scratch for 2um TiC

Fig. 5 Analysis of scratch on disk for 2ym TiC
using AFM

WoARZE A% daiEdg $E s g9
et

&+ a

3.3 AFMZ} Optical Surface Analyzer(OSA)S
0l 8%t disk &4 84

HDU WiofA Aol o3 FER QUdid &
o} dAd 23R FAL vy s
A X Y (straight type), FHF(curved type), &I
ARE EH3E 3 el(embedded type) T o8 7}
A ool 23] BER dloje] &Aool ¥
gt} 232 gHolE Diamond-Like Carbon(DLC)
o 3¢ ZFo] ZEAAT A= magnetic 71F
oo 5E Fol7) 98 d&3 mHd w¢
SEASF 3 ~ 4 nm) =X YAt FER 2
agx ddel g3, 232 magnetic 718 F
kA &del HAEly) duh Fig 58 2um 27
9] TicPA uw& AFYAE  Atomic Force
Microscope(AFM)2. 2 &R Folt}  (width:
0.8 um, depth: 50 nm)

Fig. 6 & OSAE ol &&to AUH A gt
SEM ojullelc} ol Xy wj$ 2 zv)e] A

Fig. xmagf micro-scratch identified using
OS8A

£ wAs7] EdE 0sAv Basdd 0sA
of ojsle] g ZAge AAE WA AT F
AFM, SEME ol 83 £48 t23EHE A
a3 A #4848 5 A9k

4 2 B

1. HDDOlA ZAE YA AV|E dHolg &
A B3 2H® @YWl slrh
a) & tpm 9 4A(dEE F5:300nm ol 3h
¥ 10pm(dEE BE300nm o] 44
of wjsted A HDIR &4, d=d & F
A& Fo2H dolg &£48 fEdch
by ¢ 0.05pm 9 2L 4AE HDIR F st
o ABSE 2%¥AA FUAEH 4
E ¥ oy, =y AHY FE ¢
g H&2 Ada E 5 U
2. 4% A G@lminum)Z2 2$, HDBYo}A
wgstel G4 gory ot ¢z
Aolg E3g 5 v} dRle dE-seteld £
A AH YAHALO,, TICHE HDIZ #¥8F §
Ao} HA tjxFo] W 23 YAE LA
23
3. OSAE ol &43td, AT taza 4o de
]9 e A& B3 AFM, SEM, EDX% & %
o] BAgozH HDIE FYE A7 dlojy
&4 tHE F4FE F4Y £+ dAdoh

% 7
B d7E AAAAGHREE: 2004-5-0984)2

of gy AEAY dAdstE ArAZ77]E
T AE(R11-1977-042-12001-0)2] X Q& o} o] F

182



ojBan ofof AAR oA HA=HUL.

it
ror

=2

(1) D. B. Bogy, W. Fong, B. H. Thornton, Zhu
Hong, H. M. Gross et al., 2002, "Some tribology
and mechanics issues for 100-Gbfin® hard disk
drive", IEEE Transactions on Magnetics, Vol. 38,
No. 5, pp. 1879-1885.

(2) S. H. Choa and V. Sharma, 2002, "Sinsitivity
and rejection capability of thermal asperities in a
hard disk drive", Journal of Magnetism and
Magnetic Materials, Vol. 241, pp. 466-474.

(3) H. S. Park, Y. C. Yoo, G. N. Bae and I. H.
Hwang, 1999, "Investigation of particle generation
in a Hard Disk Drive during the start/stop period",
IEEE Transactions on Magnetics, Vol. 35, No. 5,
pp. 2439-2441.

(49 C. Gao, P. Dai and V. Vu, 1999, "Flying
stiction, lubricant pick-up and carbon-overcoat wear
of magnetic head", J. Tribology, Vol. 121, pp.
97-101.

(5) Q. Zheng, R. Pit, R. Payne, P. Baumgart, and
F. Huang, 2005, "Modeling and simulation of
hard-particle ineraction in head/disk interfaces”,
IEEE Transactions on Magnetics, Vol. 41, No. 2,
pp. 604-609.

(6) K. Andrei and 1. Peter, 2003, "Head-disk
contact detection in the hard-disk drives”, Wear,
Vol. 255, Issues 7-12, pp. 1314-1322.

(7) L. Zhang, R. KoKa, Y. Yuen and E. Lam,
1999, " Particle induced damage on heads and
discs due to fine particles of different materials",
IEEE Transactions on Magnetics, Vol. 35, pp.
927-932.

(8) B. Bhushan, S. Chandra and M. Smallen,
1999, “Analysis of drive-level contaminant
particles”", J. Info. Storage Process. Syst, Vol. 1,
pp. 115-124.

183



