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Effect of Island Distribution on Error Rate
Performance in Patterned Media
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The size, shape, and distribution of islands in a patterned medium depends on the patterning process adopted. The off-track perfor-
mance in this case is mainly dominated by inter-track interference due to the neighboring islands. In this paper, the effect that the island
distribution has on the off-track performance is investigated with respect to read channel bit-error-rate performance.

Index Terms—Patterned media, PRML, track misregistration.

I. INTRODUCTION

THE use of patterned media offers the potential to extend
data storage capabilities beyond that achievable using

conventional continuous media; in particular with regards to the
circumvention of the superparamagnetic limit [1]. Considerable
attention has been directed toward the fabrication of such media
and a number of techniques have been documented to produce
patterned structures of varying size, shape, and distribution.
However, little effort, apart from the work of Hughes [2], has
been aimed at understanding the replay and data recovery pro-
cesses from such media. In particular, how the characteristics
of the medium can influence the off-track performance of the
data recovery channel.

In conventional continuous media, the off-track performance
is dominated by track edge noise due to random grain orienta-
tion [3]. Here, the study of the off-track performance involves
the recording of a main data track on randomly magnetized
medium, followed by the writing of a side track at different
track separations from the main track (squeeze position) [3].
However, in a patterned medium, where the recorded mark is
physically bounded by the shape of the patterned island, such
track edge effects are minimized due to the fact that there is no
magnetic medium between tracks [4]. In addition, the writing
frequency and track positions are determined solely by the pat-
terning method and are fixed by the island distribution. Islands
can be arranged on a regular square grid, as illustrated in Fig.
1(a), or packed in a hexagonal lattice, as illustrated in Fig. 1(b),
depending upon the lithography approach adopted [5].

Thus, the effect of any read-head offset, or track misregistra-
tion (TMR), in a patterned media storage system is to enhance
the inter-track-interference (ITI) due to the read-head sensing
the islands along the adjacent tracks.

In this paper, the effects of finite track width in patterned
media storage systems is investigated through the evaluation
of the data-recovery channel bit-error-rate (BER) performance.
In particular, the effect that the island distribution has on the
channel performance in the presence of TMR is investigated.
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Fig. 1. Patterned media structures. a) Regular array. b) Hexagonal lattice.

II. READOUT AND CHANNEL SIMULATIONS

In order to facilitate this analysis a three-dimensional (3-D)
replay model has been developed which takes into account the
geometrical aspects of the patterned medium and also allows
the signal contribution due to ITI to be evaluated. Such an anal-
ysis is difficult using conventional two-dimensional (2-D) tech-
niques, since they assume an infinite track width [6]. The devel-
oped simulation is a 3-D extension to the reciprocity integral,
and permits a thorough investigation of how the medium charac-
teristics, i.e., film thickness, presence of soft-underlayer (SUL),
island shape, and size, as well as the across-track read head di-
mensions affect the readout waveform. The modeling process is
described in detail in [7] and is a Fourier transform process in-
volving the magnetic potential distributions along planes at the
top and bottom of the magnetic recording medium and the mag-
netization pattern in the plane of the medium. The potential dis-
tributions are calculated following the analytical approach de-
scribed in [8].

The replay waveform due to an isolated track of (random and
uncoded) data is generated by the linear superposition of island
step responses. Signal contributions due to adjacent tracks are
calculated in a similar manner but with the step response evalu-
ated with the read-head displaced off-track by a track pitch. The
replay waveform with ITI is then the sum of the three replay
waveforms arising due to the main track and the two adjacent
tracks. In the case when TMR is present, then it is taken into
account as a read head offset when generating the step response
due to an isolated island on each of the three tracks.
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In the following analysis a giant-magnetoresistive (GMR) re-
play head suitable for one terabit per square inch recording has
been adopted with sensor width 20 nm, sensor length (along
track) 4 nm, and shield-to-shield separation 16 nm. The 2-D
read head potential distribution at the surface of the recording
medium has a of 20 nm along-track and 30 nm across
track.

One terabit/in storage density requires each “island” to oc-
cupy an area of 625 nm ; therefore an island width of 12.5 nm
with period and track pitch 25 nm has been assumed. The
recording medium is perpendicular with an ideal soft-under-
layer (SUL) of infinite permeability. The distance from the read
head ABS to the top of the recording medium is 10 nm. The
replay pulse due to an isolated square island has a PW along
track of 21.25 nm.

Fig. 2 illustrates the readout waveform taking into account the
effects of adjacent tracks for a regular square island distribution.
It is clear that the presence of adjacent tracks can have a signif-
icant impact on the shape of the replay waveform produced due
to the main data track. In addition, the increased signal degrada-
tion in the case of 6.25 nm TMR (25% track pitch) is evident.

In order to predict the BER performance a PRML read
channel has been simulated. In this case, the channel BER per-
formance is evaluated as a function of the system signal-to-noise
ratio (SNR). In a patterned medium, the SNR is no longer tran-
sition noise limited [4], so an additive white Gaussian noise
(AWGN) contribution is assumed. In addition, noise can be
introduced by the variation in island size and position due to
the (typically) nonideal patterning process. The resulting jitter
is assumed to be Gaussian in nature [9].

The PRML channel consists of a 7-tap finite-impulse-re-
sponse (FIR) filter optimized to a desired generalized partial
response (GPR) target followed by a conventional Viterbi
decoder. Such GPR targets, with noninteger coefficients, have
been shown to offer improved performance over conventional
PR targets with integer coefficients, particularly in the presence
of jitter [10]. The centers of the channel timing windows are
assumed to coincide with the island centers along the main data
track.

III. RESULTS

The off-track performance may be investigated through a
track profile plot, i.e., a plot of the average replay signal against
TMR. Fig. 3 illustrates track profile plots for an isolated track
of data produced for a number of media configurations.

It is evident from Fig. 3 that the film thickness, , island shape
and presence of SUL have a minimal effect on the shape of the
track profile plot (for a fixed island width). The use of a thick
film ( nm) results in a slight broadening of the track
profile plot, which corresponds with the broadening of the pulse
response along track [7]. The choice of round or square islands
simply results in increased signal amplitude in the square case.

In the presence of adjacent tracks, the off-track performance
will be determined by any ITI introduced by the adjacent tracks.
In order to investigate how the island distribution affects the
off-track performance, with respect to the BER performance,

Fig. 2. Replay waveforms for a single track of data (solid line), with adjacent
tracks (dotted line), with adjacent tracks and TMR of 25% (dashed line).

Fig. 3. Track profile plots (� is the media thickness).

two media configurations (to be referred to as Medium 1 and
Medium 2) have been investigated.

Medium 1: Square islands are distributed over a regular
square grid as illustrated in Fig. 1(a). In this case, islands along
the neighboring tracks are immediately adjacent to those along
the main data track.

Medium 2: Square islands are distributed over a hexagonally
packed array as illustrated in Fig. 1(b). In this case, islands in ad-
jacent tracks are located half an island period along-track from
those along the main data track.

Fig. 4 illustrates BER curves as a function of system SNR for
the two media configurations investigated. For both media, two
conditions were investigated: no TMR and a constant TMR of
6.25 nm (25% track pitch). The case of a single ideal track with
no TMR is also illustrated. In each case the GPR target and FIR
filter were optimized.

It is evident from Fig. 4 that in the case of Medium 1, the ef-
fect of ITI due to the presence of adjacent tracks has a severe
effect upon the performance of the channel; this is exacerbated
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Fig. 4. Channel BER performance for different configurations.

by the presence of TMR. In addition, the presence of jitter can
have a detrimental effect on the BER performance. These re-
sults are sensible considering the signal degradation due to ITI
evident in Fig. 2. However, in the case of Medium 2, the channel
BER performance is largely independent of ITI in the absence of
TMR and offers a BER performance similar to that of an (ideal)
isolated track. In addition, Medium 2 is more tolerant to TMR
compared to Medium 1.

Fig. 5 illustrates a plot of system off-track BER performance
against TMR for the two media configurations, at a system SNR
of 17 dB and 5% (track pitch) jitter. Here the GPR target and
FIR filter were optimized with no TMR and were left fixed as
the amount of TMR was increased.

It is clear that the use of Medium 2 offers a much-improved
BER performance, particularly on track, where it is almost two
orders of magnitude greater than that of Medium 1. In addition,
Medium 2 can tolerate 7nm TMR whilst still maintaining a BER
performance comparable to that of Medium 1 on-track.

IV. CONCLUSION

We have investigated the off-track performance of patterned
media storage systems with finite track width using a 3-D re-
play model that more accurately predicts the replay signal for
the shape constrained media. We have shown that the island
shape, film thickness, and presence of SUL have little appre-
ciable effect on the off-track signal. However, the island dis-
tribution can have a significant impact on the channel perfor-
mance, particularly in the presence of TMR. Two media con-
figurations, typically produced using different patterning tech-
niques, were investigated. When the islands are distributed over
a hexagonal lattice an improved BER channel performance is
observed; in particular, the read channel is more tolerant to the
presence of TMR compared to islands distributed over a regular
square array. To achieve a desirable BER less than requires
a 3 dB improvement in SNR for the case of a hexagonal lattice;
whereas for the regular square array the BER performance is

Fig. 5. Off-track BER performance versus TMR, SNR = 17 dB, 5% jitter.

constrained by the ITI introduced by TMR and is largely inde-
pendent of the SNR. The improved performance in the case of a
hexagonally packed medium is due primarily to the reduced ITI
in the timing window, since islands along the neighboring tracks
are not physically adjacent to the islands on the main data track,
but displaced by half a period along-track.
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