Ultra High-Density Perpendicular Magnetic Recording Technologies
for Hard Disk Drives
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Abstract

Perpendicular magnetic recording has been investigated for ultra high-density magnetic
recording since 1977. Important problems with perpendicular recording were wide-area
data erasure, a deterioration of the bit error rate (BER) due to noise from the soft-magnetic
underlayer (SUL), and the high cost of producing a thick SUL to secure an adequate BER at
high recording densities. To overcome these problems, we developed the following
technologies: a granular recording layer, an anti-parallel structure (APS)-SUL, and a
trailing shielded head. By applying these technologies, we improved the density of
perpendicular magnetic recording to over 300 Gbit/in2. In this paper, we describe our
head/media investigations and a signal processing study that compared partial response
targets containing a DC response.
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Fig.1-Area density trend of magnetic recording for 2
Fig.2-Structure of perpendicular recording medium.
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hard disk drive.
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Fig.3-Output noise of Perpendicular media with (a)
APS-SUL, (b) AFM-SUL and (c) conventional
SUL after DC erase.
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Fig.4-WATER characteristic of perpendicular media.
Initial and after erase Byte Error Rate are
gray and solid circles, respectably. (a) and (b)
media have with domain uncontrolled and

controlled SUL.
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Fig.5-Dependence of SNR of Perpendicular
recording media with APS-SUL (Solid circles)
and AFM-SUL (Open circles) on SUL
thickness.
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Fig.8-Liner recording density dependence of SNR
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CoCrPt-SiO2 media (solid circles and
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Fig.9-SNR and OW of single CoCrPt-SiO2 and
double recording layer media. Black and gray
columns are SNR at low and high frequency,
respectably. Open and semi-close circles are
conventional Overwrite (OW1) and reverse
Overwrite (OW2), respectably. Smaller OW
are good performance.
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