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Abstract

The effects of record spacing on track edge noise are studied for CoCrTa and
CoCrPt/CoCrTa media. Variations in record spacings (seperation from magnetic media to write
head pole tips) are accurately achieved by using an identical set of disks for each type of media,
with different overcoat thicknesses. Track edge noise is characterized using track profiles of the
media noise. An integrated spectral technique is used to measure media noise, and the effects of
the different playback spacings (seperation from magnetic media to read head pole tips or read
element) are removed by dividing the spectral playback loss factor from the media noise spectra.
On track transition noise is studied as a function of linear density at three different record spacings
for each media type. Transition noise is found to increase with linear record density as expected,
as well as with record spacing for a given linear density. Track profiles were performed at three
linear record densities for each record spacing to observe the density dependence of similar effects
on track edge noise. For both media, on-track noise and track edge noise are found to decrease
with reduced record spacing, and the amount of decrease are found to be record density

dependent.
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Introduction

The goal of the data storage industry continues to be the development of cost efficient and
high storage capacity technologies. Magnetic recording has long enjoyed a prominent position in
storage technology, in the form of hard disk drives, flexible media drives and tape drives which
combine high volume capacity with convenience, low cost and reliability. The hard disk drives in
particular have almost doubled in capacity each year over the past two decades, while significantly
reducing in size and cost per megabyte of storage capacity. To meet the demand for ever smaller
yet higher capacity drives in applications such as laptop computers, efforts are constantly
underway to increase the areal recording densities in hard disk media. Future increases in areal
density on thin film recording media are likely to be achieved by increasing track densities as much
as by increasing linear densities.

The ultimate goal in the realization of high linear recording densities is to achieve a
sufficiently high (~20dB) signal-to-noise ratio (SNR) at the highest linear density supported by the
media, so the data encoding and detection schemes used result in an acceptable bit-error-rate
(typically ~10"'%). The important factors affecting the readback signal are the Mt product of the
medium, the head-media spacing, track-width, the transition length parameter a, , the playback
trackwidth and the type of playback head used. Noise is affected by media parameters such as
coercivity, grain size, exchange coupling and Mt as well as system parameters like the head media
spacing and the electronics (channel + head) noise. Finally, the capability of a media to support
high linear densities is limited by the transition length parameter itself, which is always finite.

On the other hand, track densities can be increased by both reducing the recorded
trackwidths and the track spacing. The limiting factors here are the SNR again, the fabrication of
narrower pole heads and the tougher requirements on the servo-tracking system. One of the

problems with reducing track spacing and trackwidths is the presence of high noise regions



beyond the written extent of the track, which are the result of the head side fringing fields during
the recording. This limits how close tracks can be written without picking up a noise component
from the adjacent track edge in addition to limiting how\small the trackwidth can be made, since
track edge noise constitutes a bigger fraction of the total noise at narrow trackwidths [1]. While
the effect of track edge noise when the head is on-track can be mitigated by the use of write-wide
read-narrow schemes [2], it is still a stumbling block in the pursuit of high track density.

Various studies have been conducted to study the nature of track edge noise (or side erase
bands as they’re sometimes called), and the factors that affect it. As in the case of (on-track)
transition noise, media properties such as exchange coupling and media orientation are an
important factor. Track edge noise has also been shown to be dependent on linear density [3] and
write current [4]. And since it is the result of head-media interaction, factors like pole shape,
alignment and head media spacing are also likely to affect it. This study attempts to show the
dependence of track edge noise on record spacing.

Two commonly used ways to measure media noise are by a voltage waveform variance
technique and a spectral noise measurement technique. The first is a time domain technique that is
more precise since media noise in general is not a stationary phenomenon, and it’s distribution
along the track can be studied by this technique [5]. The problems with this technique are the
requirement of a very precise trigger (a serious problem for off-track measurements unless a clock
disk signal is provided), long measurement times and large storage and high computation speed.
When studying track profiles, these problems are further magnified since this typically means that
around 70-100 radial steps across the track are measured, each requiring long measurement and
computation times.

The spectral measurement technique [6,7] was therefore employed. Although this gives only
an averaged estimate of media noise (around the track) it has the advantage of reasonable
measurement times, as well as allowing noise measurements to be normalized to the same
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playback height, so we can compare the effects of record spacing only. This technique is

explained in the experiment section.



Experimental Set Up

All recording measurements were performed on an advanced magnetic recording test stand
(Fig. 1). The write circuitry allows data to be recorded at frequencies up to 100 MHz, with user
defined data patterns. However for the recording measurements performed, only NRZ (101010)
data patterns were used. The write current and bias current (for MR heads) can be controlled with
16 bit resolution. The readback channel has a flat bandwidth up to 100 MHz and allows
programmable gains on an 6 bit scale. The preamplifier used was an SSI 32R512R thin film
preamp, with a custom designed arm electronics for MR heads. All electronics are computer
controlled by means of a custom bus extension interface card and the control program is written
in PASCAL.

The spindle is of the air-bearing type, with runout less than 1u” and rotational speed is also
computer controlled through the GPIB bus. The speed can be set from 200 to 1200 RPM with a
0.01% accuracy. The head positioning is performed by a pair of air-bearing slides driven by linear
actuators under interferometer based feedback control. The Aerotech interferometers have a
resolution of 1.2 nm, and allow accurate positioning down to +/- 20 nm, and are also computer
controlled through an RS-232 serial interface. The head mounting mechanism allows both the Z-
height and the skew angle to be manually changed over significant ranges (+/- 40° for skew and 0-
5 mm for Z-height).

Added data acquisition capability is provided by instruments such as a HP8568B spectrum
analyzer with a 1.2 GHz bandwidth, a LeCroy L7200A digitizing oscilloscope with a 2GS/s
sampling rate, and a HP 3586C Selective Level Meter, all of which are computer controlled

through a GPIB interface. Bulk erasure is achieved using a large split pole ring electromagnet.



The erase magnet is driven by a CROWN DC-300A series II amplifier which receives input

signals from a HP 8116A pulse/function generator.
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FIGURE 1: THE PRECISION SPIN STAND



Experimental Technique

Signal And Noise Measurement

A PASCAL control program based on the Gateway 386 PC was used to control all
hardware, run the tests and collect all data. The program stores the data from each test in a user-
named file. All relevant spin-stand status information is also logged as a file header, such as
radius, velocity, disk and head IDs, clock frequency and write data frequency, linear density in
KFCI, write current, bias current (MR head), playback gain index etc.

Signal and noise power measurements were performed on the HP8568B spectrum analyzer

[8]. After a track of NRZ (1010) data was recorded once around the track, signal power
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FIGURE 2: SIGNAL HARMONIC MEASUREMENT USING SPECTRUM ANALYZER
was measured on the spectrum analyzer by setting the center frequency successively to the

measured written frequency and it’s harmonics One of the typical signal harmonics is shown in



Fig. 2. A 50 Q load is implicit in all spectrum analyzer measurements. Other spectrum analyzer
settings are a frequency span of 50 KHz, a resolution bandwidth of 3 KHz, a video bandwidth of
3 KHz and a reference level of 46 dBmv on a logarithmic scale. The total signal power was then
calculated as the squared sum of the fundamental voltage (in Vrms) and all the harmonics. For the
typical Lorentzian pulse shape at low densities (as shown in Fig. 3), this value of signal power can
differ significantly from the squared peak amplitude. However at high linear densities where the

pulses look more sinusoidal due to Inter-Symbol-Interference, both techniques lead to nearly

identical signal power.
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FIGURE 3: READBACK SIGNAL WITH MR HEAD (LOW DENSITY)
Noise power was measured on the spectrum analyzer on a linear scale with a resolution

bandwidth of 30 KHz and a video bandwidth of 10 Hz. Frequency span was user selectable and

set according to the effective bandwidth of the media noise (which was less than 16 MHz for all






