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Investigation on Increase of Friction Force in Magnetic Disks
with Photo Lithography Texture

Akihiro INADA, Hirohisa ISHIHARA and Masami MASUDA

Friction force between magnetic disks and magnetic heads occasionally increases to cause a hard
disk drive (HDD) to lock. In this paper, we discuss the friction mechanism at the interface between
magnetic heads and magnetic disks, which are covered by the texture surface produced on a photo
lithography process. The texture surface is homogeneously dispersed with micro lands, 3 pm in
diameter and 35 nm high, with a uniform pitch. Atomic force microscope (AFM) and Auger electron
spectroscopy (AES) analyses make it clear that friction force increases abruptly at a land height
below approximately 24 nm, and also the land height decreases not with growing wear of the top film
in micro lands but with plastic subsidence of micro lands by fatigue during contact start stop (CSS)
tests and continuous sliding tests. As a result, in order to reduce the subsidence of micro lands and
improve the sliding durability of the disks, the second layer below carbon protection film is hardened

to the same as that on the top film.
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Table 1 Land shape parameters on photolithography
disk

Disk | {Disk 2] Disk 3| Disk 4
Land ratio (%) 0.01 0.1 0.5 1.0
Land interval  (um) 226 84 38 27
Land density per ABS (pcs) 27 270 | 1350 | 2700
Land height (nm) 35 35 35 35
Land diameter (um) $3 | ¢3 | ¢3 $3
Normal pressure on a land (MPa)] 335 | 335 | 6.70 | 3.35

*1. Land ratio=land area/whole area
*2, ABS=area of air bearing surface

Lubricant

35nm|_ C Land_diamclcr
60nm}~ CoCrTa
90nm Cr .
Land/height
15 “—Plated Land
um NiP interval

“Al-Mg-Cu-Zn
alloy

(a) Cross section (b) Definitions of surface

topography

Fig.1 Schema of photolithography disk
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Table 2 Measuring conditions in AES analysis

Exp.11Exp.2
EB acceleration voltage (kV) 8 5
EB current (nA) 2 20
EB diameter (nm) 500 200
Tilt angle of specimen _ (deg) 45 |45
Ar beam acceleration voltage (kV) 2 2
Ar beam current  ( u A) - i
Laster size  (mm) 2%x2]2Xx3
lon incident angle (deg) 45 |45
Sputtering rate  (nm/min) 40 |65

(as Si0: conversion)
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Fig.2 Comparison of cumulative sliding distance
between continuous sliding test and CSS test

0.1% Use

N
S
¥

120
[ Land ratiolLubricant

100 < 1.0% Not use
z ~  0.5% Not use
£ 80 ~  0.1% Not use
8 | 0.01% | Notuse
5 - 1.0% Use
g 60
pa ~| 05% Use
.0 e
5
0
s
w

20
0 . . ;
0 5 10 15 20 25 30 35
Cumulative sliding distance (m)
Fig.3 Influence of cumulative sliding distance upon

friction force
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Fig. 6 Land height change through CSS test
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Fig.7 Wear on lands measured with AES
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Fig. 8 Correlation between indenting load and depth
square
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Table 3 Sputtering conditions of carbon protection

film

Disk sample A B C D
Ar assist gas (SCCM) 6 33 [ 17 | 17
Hz assist gas (SCCM) 0] Q 5 2
Concentration of Ha gas (%) 0 0 23 | 10
Pressure (Pa) 0 2411513
DC bias (V) 0 |-75|-75]1 0
Film thickness {(nm) 38 { 44 | 35 | 47
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Fig.9 Micro-hardness on C film layer

5.0 0 c B
E
£40
]
s Boundary area
:o 30} of Carbon protection film
g
<
@
220
1.0

i
(194 . . .
0 02 03 04 005 010 015 0.20
Depth square (ymé )

Fig. 10 Correlation between indenting load and depth
square

NES OIEMIE, BEB=C>A>D % >TED
Z ONERL &8 Low D BIE RS L 07 v N g sl &
DOZFFNCIIFEREOM L & & WERRTE 5,

(2) #HEBECBLIURBC & D OMHE DR
X, Lw o BIEERERIZ Y — R VR OMN
Ba rOMERH o, LA — RV RHEEE T
HifE OB TR B 1T 2 HUINE S DR R Z T T
WhHI EBbhhrsb,

(3) BEDOLw ) BB FEIEE L < B,
i — R ARFER O BRI KRG RIS hure 7z
DTHIBOREIEILL, 7 — R AR THE &
DEEWEDLZIE LTl dTH B,

PAEsRATz & 90z, E#E L w 5 B D 2 13 CSS
HERIC B2 L S BIRFOBE K22 5 1211,
ZUPESOEFBENH T2 LERDH D, 2O
X, ZEEEOM/NES, LA — R RERET
OB & OBE B X U % OB FEEE O M/ME X
EELTEIEDHENTHZ LW\ NTH B,

4. E

HDD i3 1J 3 BEH IR D 2 H = X 2 % L,
W T 4 A 7 OfAMER L3 2 BT, Bk L
T PAFXELDT MUY T 4 A2 2T,

Cumulative sliding distance (m)

Fig. 11 Influence of carbon film upon friction force
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Fig. 13 Decrement of land height after continuous

sliding test
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