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Introduction

In recent years, thermal actuated flying height con-
trol has been implemented in Hard Disk Drives
(HDD) to reduce the effect of flying height varia-
tions due to manufacturing tolerances or write cur-
rent introduced pole tip protrusion (Fig. 1). A stable
low flying height is necessary to achieve low bit er-
ror rates (BER) [1]. Thermal flying height control is
used in a “static manner” in today’s disk drives. The
principle of thermal flying height control is based on
the application of a current to a resistance heater po-
sitioned in close proximity to the read write element,
thereby causing a thermal deformation of the head
which causes a reduction in the static flying height at
the read write element. Dynamic flying height varia-
tions of a slider over a disk are composed of repeata-
ble and non-repeatable contributions. As the name
suggests, repeatable variations of flying height occur
at the same angular and radial position of the slider
above the disk [2]. Thus, the question arises as to
whether a thermal flying height control slider can be
used to dynamically control the flying height varia-
tions between slider and disk. The objective of this
paper is to study whether a thermal actuator could be
used to reduce the effect that disk waviness and vi-
brations have on the flying height modulation of the
head disk interface. Our main goal is to investigate
active flying height control of a thermal slider up to
the kilohertz regime.
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In-situ flying height estimation

Most of the reported algorithms on in-situ flying
height estimation are based on a specific data pattern
that is written on the disk thereby resulting in certain
harmonics in the frequency spectrum of the read sig-
nal. Commonly used is the triple harmonics method
[2,3,4] that uses the ‘111100’ data pattern to create
three major harmonics. The logarithm of the ratio of
the third over the first harmonic is proportional to the
flying height modulation. Ratios of different har-
monics other than the third and the first have also
used and servo pattern might be taken into account
[5]. Approaches have also been implemented based
on maximum or average amplitudes [6] rather than
harmonics amplitudes. Also, approaches that employ
random data instead of a fixed data pattern were pro-
posed [7].‘:__1
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Fig.1 Flying height control in a HDD



A technique that extracts both the PES and the flying
height information is reported in [8] where radially
adjacent and circumferentially aligned servo bursts
are generated with different frequency contributions
to generate position error and flying height signals.
Other techniques are the pulse width method [9], the
spectral fitting method [10] and methods that esti-
mate the flying height based on the slope of isolated
pulses of the read back signal [11]. Some of these
estimation algorithms embody at least one of the fol-
lowing disadvantages:

1. Cross-track-motion can wrongfully be de-
tected as a change in flying height

2. The measurement can strongly depend on the
radial position of the read element with re-
spect to the disk (skew angle)

3. A particular data pattern and/or the data sec-
tor is necessary, and, thus, storage space is
lost

4. The method may not be capable for perpen-
dicular magnetic recording

Servo signal based flying height estimation

The estimation scheme proposed in this study for the
measurement of the variation of flying height is
based on the servo pattern written on the disk. Using
the servo pattern for the estimation of flying height
has a number of advantages. At every servo sector
the off-track spacing is known since the position er-
ror signal (PES) is generated. Hence, the effect of
cross-track motion of the head on the flying height
signal can be eliminated. The servo can be an ampli-
tude based servo or a timing based servo. Timing
based servo applications have been shown to be
more accurate than amplitude based counterparts
[12]. The estimation of flying height variation using
an amplitude based servo pattern will be shown in
this study. The following assumptions are made: 1.)
The change in magnetic spacing corresponds to a
change in flying height which requires a constant
carbon overcoat and lubricant thickness (Fig. 2), 2.)
The flying height variation of adjacent servo bursts
within the same servo sector is small compared to
the flying height variation between adjacent servo
sectors. 3.) The writing process is less sensitive to
flying height variations than the reading process [4].

Based on those assumptions we can compute the
change in flying height from the Wallace equation.
The Fourier transform of the read back signal @ de-
cays exponentially with increasing distance d from
the magnetic medium [13]. We can measure the sig-
nal voltage at a specific frequency in the frequency
domain of two subsequent servo bursts e.g. A and B

D, (k, d)+Pg(k,d) = (P, (k,0)+Dg(k,0))e

where k = 2m/A is the wave number. The flying
height change Ad = d — d,¢ can be calculated from
A dp(d)+dp(A,d)

Ad=- Zln (q)A(}"dref )+ (A dres )) (1)

The fluctuation of the product of the recording layer
thickness and the remanent magnetization (Mrt) of
the recording media [4] causes read back signal
modulation, and, therefore modulations in the meas-
ured flying height. The harmonics ratio method re-
ferred to earlier decreases this effect. The proposed
servo sum method estimates the flying height based
on the first harmonic of the whole servo burst and is
therefore insensitive to small variations in Mrt and
the recording layer thickness within the burst.
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Fig.2 Spacing definition
The cross-track characteristics of the flying height
change estimate (1) are shown in Fig.3. It can be ob-
served that the estimate is fairly insensitive to cross-
track motion for about 80% of the track width. It
should be noted that the shape of the curve in Fig. 3
depends strongly on the servo spacing which is as-

sumed to be known and constant over the whole
disk.

Spin stand measurements

We have performed a number of measurements us-
ing a disk head tester (MicroPhysics) and longitudin-
al media and heads. A simple dual servo signal with
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Fig.3 Simulated cross-track characteristics

A and B bursts was written onto the disk at a track

density of 130 k tracks per inch. The first harmonic

of the servo was fixed at 56.25 MHz regardless of

the position of the read element. The read back sig-

nal was captured using a 2GS/s digitizer. The results

for one revolution are shown in Fig. 4. Here, the PES
A-B

was computed by PES = v 2)

where A and B refers to the first harmonics of the A
and B bursts, respectively, and Ad is computed using
(1). The power applied to the thermal actuator was
varied from 0 (blue curve) to approx. 100mW (red
curve). From Fig. 4 it can be observed that the calcu-
lated flying height decreases as the heater power in-
creases. More importantly, we observe that the dy-
namic variation of Ad stays relatively constant.
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Fig.4 PES and flying height modulation for
one revolution at different heater power le-
vels at r=30mm

It is noted that ‘written-in’ variations in servo burst
spacing are anticipated to influence the estimation of
Ad.

Conclusions

A flying height estimation technique based on the
first harmonics of the servo signal has been pro-
posed. Both simulations and measurements show
high sensitivity of the estimate to a change in flying
height and a small sensitivity to cross-track motion
of the read element. The estimation is strongly influ-
enced by the accuracy of the servo writing process,
1.e., by the cross-track spacing between the A and B
burst in each servo sector.
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