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SLIDER DYNAMICS/ACOUSTIC EMISSION/LASER DOPPLER VIBROMETER/

THERMAL POLE-TIP PROTRUSION

Currently, hard disk drive must be developed to have higher areal density. One
way led to achieve that target is usingthe therma pole-tip protrusion technique.
Read/write head is protruded out of the slidercloser to disk surface, to minimize data
bit size that the writer can record to disk area. Thelight contact clearance between
read/write head and disk surface at each dider position on disk are different,
according to speed and impacted direction of air flow under the slider.Determination
of the best clearance between read/write head and disk surface has an effect on read
and write performance of high density magnetic recording system.

This researchhad studied movement characteristic of the reader/writer head in
vertical direction and in off-track direction includinghead-disk contact,at each dlider
position on disk. Acoustic Emission and Laser Doppler Vibrometers are using in the
measurement. The relation of thermal pole-tip protrusion and sweet spot clearance

between head and disk at each slider position on disk is acquired from this study.
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Missed-Height Power (MHP)

1D MID MD MO D oD
HGA1 69.619] 67.222162.822]1 64.027] 80.345
HGA2 76.030] 72.026 | 67.633|67.228| 86.714
HGA3 72.000] 64.800 | 59.600| 60.000] 81.200
HGA4 | 100.000] 71.200 ] 68.800| 69.200] 84.700
HGAS5 | 76.000 | 72.400 ] 70.400| 67.200| 81.900
HGAG6 | 77.627 | 76.004 | 71.615| 70.403| 92.285
HGA7 | 100.000] 72.792 168.402| 70.379] 100.000
HGAS8 | 77.196 | 68.023 167.226|68.385| 90.279
HGAS9S | 100.000| 74.843 | 72.844] 76.024| 100.000
HGA10| 100.000] 68.383 | 65.609] 66.406] 100.000
HGA11l] 100.000] 63.248 ] 60.061] 60.849| 100.000
HGA12] 100.000| 100.000] 65.132]164.361| 100.000
HGA13| 100.000]| 76.757 | 74.386] 74.382] 100.000
HGA14| 100.000] 68.405 164.818] 65.603] 100.000
Mean 89.177 | 72.579 | 67.096|67.461 | 92.673




Off-Track Displacement (nm)
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Missed-Track Power (MTP)
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Force at temperature is 30 degree Celsius
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Displacement of Wind Effect at 30 degree Celsius
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Absiraci— To achieve higher track density in magnefic recording
system or hard disk drive (HDD), adaptive flyingheight { AFH)
control using thermal protrusion of an active area close to
read/write transducers by heating element was introduced. AFH
control is very important when the minimum clearance between
the magnetic recording head (slider) and disk reduce to a few
nanometers. At that such critical proximity contact, head disk
interaction can occur that may cause flying instability and
head/disk wear which effect to read/write ability, In this study,
we did an experiment to investigate flying behavior of the slider
head when protruding the reader/writer element close to disk
surface. The acoustic emission (AE) sensor was used for detecting
the contact of head and disk. The head movement hehaviour in
both vertical and off-track directions was measured using 2
Laser Doppler vibrometers (LDV). The experimental result
shows that the off-track LDV can detect significantly the skew
sensitivity, The head off-track at about a sector size vibration
occur and can impact to read/write ability of data bits on the
disk. The study of the linear velocity effect shows that the passive
flying height increases significantly for higher linear velocity due
to higher air pressure under the slider. However, this passive fly
height change can be compensated by adaptive flying height
control.

Keywords— Head-disk interaction, high track density, adaptive
flying-height control, thermal protrusion, read/write ability

1. INTRODUCTION

The rapid growth of recording areal density in hard disk
drives requires a reduction in the head-to-media spacing
{HMS) for achieving higher bit density and narrower track
pitch for higher track density. The current flying height is
about 2-3 nanometres [1]. At a low head-disk clearance,
variations of the flying height for a few angstroms have an
influential effect on the recording performance. To achieve
the target head-media clearance during writing and reading
processes, a slider that consists of a heater near the read/write
elements is applicable for adjusting the head-media clearance
[2]. The heating generated m the heater induces head,
especially close to an active area moves the read/write
elements closer to the media [2], [3], [5] At that such critical
proximity contact, head-disk interaction can occur that may
cause flying instability and head/disk wear which effect to
read/write ability [4].

In this study, we did an experiment to mvestigate flying
behavior of the slider head when protruding the reader/writer
element clase to disk surface at a variety of test conditions,
The vertical and off-track movements of head were measured
by 2 Laser Doppler vibrometers (LDV). The contact of head
and disk was observed by an acoustic emission (AE) sensor to
define zero clearance and protect head/disk wear. The goal of
this research 1s to characterize the flying dynamic and stability
of shider head with AFH control at different head-disk
clearances. The information according to off-track and vertical
movement behaviors can be used for a new design verification
of air bearing surface, suspension, and head-disk mechanical
in high density recording system.

II. EXPERIMENT SETUP

A. Equipment

The experiment was performed on a tester that is
specifically  designed for head-disk interaction (HDI)
measurement. A schematic of the experiment is showed in
Fig. 1. The disk is mstalled on the spin stand of the tester and
the head gimbal assembly (HGA) is loaded mto the figure. An
AE sensor is mounted to the figure to detect a contact between
head and disk and two LDV are installed on the tester to
detect the slider dynamic movement in both cross-track and
vertical (perpendicular to media plane) directions [6]. Both of
them were setup the measurement in velocity mode with 5-
mm/s/V resolutions. The signal generator is used to apply a
controllable voltage/power to the heater circuit of the slider
while the data acquisition board is acquiring the signals from
AE sensar, vertical LDV sensor, off-track LDV sensor and the
heater voltage with sampling rate of 1 M samples/s. [7]

B. Samples

In this study, a number of slider heads with identical Air-
Bearing Surface (ABS) design and 3.5 disks were used. These
slider heads have a passive flying height of about 8 nm on the
spinning disk at 7200 RPM with the test condition given in the
next section.




Fig. 1 Equipment schematic of the experiment

C. Test Methads

In order to control an accurate head-disk clearance. the
relationship profile between the head-media spacing (HMS)
change versus heater power was firstly measured at a series of
incremental heating power. This HMS measurement technique
1s based on the Wallace-spacing equation. A second-order
polynomial was used to fit the profile of measured data and it
is a writer/reader protrusion rate for different clearance setups.

In this study. the head was loaded into the load/unload
position at outer diameter of a spinning disk at 7200 RPM.
Then, it moves to perform testing at different radii and skew
angles given in table 1. To understand slider-flying dynamics.
the test was performed at various head-disk clearances at
Inner-Diameter (ID). Middle-Diameter (MD) and Outer-
Diameter (OD) of real HDD radial coordinate. Test conditions
lo examine skew angle sensitivity and linear wvelocity
sensitivity are given in table 11 and table III, respectively.
Before setting any specific clearances for the desired test, zero
clearance will be measured by applying the heater power and
reading back the response signal from AE sensor and force
gauge. The response of AE sensor is used for determining a
head-disk contact. It starts from coarse step approach, and
then. continues on searching with fine step uniil the AE RMS
response reached the defined threshold. Once zero clearance is
defined, the heater power at multiple test clearances, for
example at 2 nm. 1 nm and 0.5 nm, will be calculated.

TABLEI
RADIAL COORDINATE FROM REAL HDD

111 RESULT AND DISCUSSION

A. Response at Different Clearances

The experimental result shows that the signal response
from AE sensor, vertical LDV sensor and off-track LDV
sensor are higher when the clearance was reduced due to
higher head-disk contact modulation. Fig. 2 shows AE signal
response at 0.5 nm (Blue). 1 nm (green). 2 nm (red) clearances.
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Fig. 2 AE signal at different clearances
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Fig. 3 Response of vertical LDV at MD

At MD condition. the vertical LDV shows wide range of
response as show in fig, 3. Low frequency response at 240 Hz
is caused by disk waviness (rps = 120 rev/s). For 50 kHz -
350 kHz band. the response from the vertical LDV gets
significant higher when the clearance 1s smaller. The peak
response occurs at 270 kHz and 280 kHz for both 0.5 nm and
| nm clearances. The response of the vertical LDV is not
sensitive to the clearance change at both ID and OD
conditions. The response of the off-track LDV shows
sensitivity to a clearance change at ID and MD as shown in fig,
4 (a) and (b). The important peaks are observed at 11.5 kHz
and around 19 kHz. We ignored a few peaks at low frequency
band (<4 kHz). which arc harmonics of the center-shifted disk
spinning. At MD, the response of the off-track LDV does not
show significant sensitivity to a clearance change.

Radius (in.) | Skew Angle (deg.) E Y
D 077 158 i
MD 1.1404 0
[813] 1.7842 16.13 z WM T A T i -'A.-'\ |
TABLE Il . % :m o0 W WW 0 L0 a0 u.;\r. '.N:I 0050
SKEW ANGLES FOR SKEW ANGLE EFFECT TESTING P
Test # ] 5 3 53 55 Fig. 4 (a) Off-track LDV response at 1D
Skew Angle (deg) | -10 [ 5 J o [ 5 |10 4 [ ]
Radius (in.) 1.1404 5 :
TABLE 11l G | 1 |
RADIUSES FOR RADIUS EFFECT TESTING L3 WA 4 . | | A
e X0 e o Lt 10000 10000 18000 18000 L 0w
Test # Rl R2 R3 ey
Igli(tear Velocity (inchis) | 747 | 860 | 993 Fig. 4 (b) Ofttrack LDV respanse at OD
w Angle (deg.) 10




B. Skew Angle Effect

The measurement result at different skew angles (-10, 0,
and 10 degrees) shows that the off-track LDV can detect
sigmficantly the skew sensitivity as shown in fig. 5. At the
negative skew angle, there is some peak response at 19 kHz
but it is suppressed when the skew angle is zero. At the
positive skew angle, the peaks of the response are much
higher than negative skew and there are 2* and 3™ harmonics
at 48 kHz and 67 kHz. The peaks are significant higher for
lower head-disk ¢learance. The response [rom a vertical LDV
does not show sensitivity of the skew angle.

Theoretically, different skew angles effect to the airflow
and air pressure at the air-bearing surface significantly. A
contact force at non-zero skew can be divided into down-track
and cross-track directions. The sideway force in cross-track
direction can move the head off the track.
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C. Linear Velocity Effect

The study also measured the effect of the linear velocity to
slider (lying dynamics using the vertical LDV, The result
shows that the passive flying height increases significantly for
higher linear velocity. It is the effect from higher air pressure
under the slider. In terms of dynamic movement, the vertical
LDV does not show higher vibration for higher linear velocity
as shown in fig. 6. However, the interaction between head and
disk 1s higher for lower clearance.

IV. CONCLUSIONS

The experimental result shows that the signal response
from AE sensor, vertical LDV sensor and off-track LDV
sensor can detect the dynamic behaviour of head-disk
interaction. The measurement result shows that the off-track
LDV can detect significantly the skew sensitivity. The peak
response at 19 kHz and its harmonics means the head off-track
at aboul a seclor size vibration occur and can impact to
read/write ability of data bits on the disk. The study of the
linear velocity effect shows that the passive flyng height
increases significantly for higher linear velocity due to higher
air pressure under the slider. However, this passive fly height
change can be compensated by adaptive flying height control.
The dynamic movement of the head does not sensitive to
higher linear velocity.
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