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Compensation for readback resolution of dual-layer magnetic recording
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Recently dual-layer MAMR recording is proposed to independently write data in each layer. Readback method by ferromagnetic
resonance has been discussed to be available. In this study, a more convenient reading means with a regular shielded MR head was
investigated for dual-layer recording based on calculations by reciprocity theorem. We propose the additional bottommost third layer,
or assist layer, to equalize the response. Some calculations show that the three-layer recording is effective to apply the half-bit shift

parallel recording method, which we reported in the past.
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Fig. 1 Sensitivity functions of shielded MR heads for various
magnetic spacing.

Table 1. Typical values for the calculation
parameters.

Transition width, b S5nm
Magnetic spacing, d 1-15nm
MR sensor thickness 2nm
Shield to shield gap, g 20 nm
Top layer thickness, o1 3nm
Bottom layer thickness, &2 8nm
Assist layer thickness, &3 Snm
One-sided shield to sensor gap, t 9nm
Distance between head surface and soft magnetic L
underlayer
Y
X

Underlayer

Fig. 2 Head and medium configuration with the assist layer.
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Fig. 3 Low density readback waveform for the top and bottom layer
shifted by a half bit length.
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Fig. 4 Isolated readback waveform for bit “1” for various
spacing. Bit length is 25 nm.
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Fig. 5 Roll-off characteristics of thick upper and lower layer

(5 nm) in dual-layer recording. Shield gap and magnetic
spacing are 20 nm and 5 nm, respectively.
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Fig. 6 Roll-off characteristics of thin (1 nm) dual-layer recording. Shield
gap and magnetic spacing are 20 nm and 5nm, respectively.
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Fig. 7 Roll-off characteristics in the case of using an assist
layer.
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Fig. 8 Low-density readback waveform of the dual-
layer recording (100kBPI).
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Fig. 9 High-density readback waveform of the dual-layer
recording (1500 kBPI).
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Fig. 10 Sampled-amplitude histogram of the dual-layer recording in
low density (upper) and high density (lower). (Each layer thickness
and SNR are 5 nm and 25 dB.)
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Fig. 11 Sampled-amplitude histogram of the dual-layer
recording. (layer thickness=1nm, SNR=25 dB)
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Fig. 12 Sampled-amplitude histogram of the layered medium with
an assist layer. SNR is 25 dB. Linear densities are 100
kBPI (upper) and 1500 kBPI (lower).
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Fig. 13 Equalized isolated waveform of the top layer output in
dual-layer recording. Each layer thickness is 5 nm.
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Fig. 14 Equalized isolated waveform of the bottom layer output
with the tap-gains obtained for top layer equalization.
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Fig. 15 Equalized isolated waveform of the readback
output from the bottom layer and the assist layer.

60 Conbined output
........... Top layert+assist layer
Bottom layer
40} 1

|

Amplitude

-60
1000

1100 1200 1300
x(nm)
Fig. 16 Equalized waveform for high density (1500 kBPI)

using an assist layer.
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Fig. 17 Histogram of sampled readback amplitude of the
bottom layer and the assist layer. (1500 kBPI, SNR=25 dB)
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