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Recording Characteristics of High-Density Thin Optical Disk
Using Near-Field Optical Recording
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We report on the recording characteristics of a near-field optical recording thin optical disk (NFR-TOD). We proposed
a new cooling-less-type write strategy for recording, applied it to the NFR-TOD experimental system, and also applied
a partial response maximum likelihood (PRML) signal processing, which was evaluated and optimized the PR
coefficient for playback signals of the prototype NFR-TOD. The NFR-TOD has a track pitch of 160 nm and improved
recording characteristics. The experimental results of the prototype NFR-TOD and the system indicate sufficiently low
bit error rates (bERs) for recorded data at a fourfold higher recording density than the current Blu-ray disk.

© 2014 The Japan Society of Applied Physics

Keywords: near-field optical recording, thin optical disk, solid immersion lens, high density, partial response

maximum likelihood

1. Introduction

A near-field optical recording-thin optical disk (NFR-
TOD) system using a solid immersion lens (SIL)" exhibits
fourfold higher recording density than the current Blu-ray
disc system.>”'® It can exhibit a large capacity and a high-
data transfer rate towards recording next-generation ultra-
high-definition television [i.e., Super Hi-Vision (SHV),
7320 x 4320 pixels] video signals'”'® for home-use. Four-
fold higher density recording using NFR optical disks with
1.2-mm-thick disks has been reported,lz’”) and studies of
larger capacity using multilayer recording using NFR have
been reported.'>!® If the NFR media can realize 250-Mbps-
class high-speed recording and two- or three-layer recording,
the SHV optical media, which has more than two hours
recording ability would be able to be realized. Studies'*>>
on the maximum of sixteen-multilayer recording using far-
field optical recording of the Blu-ray format have led to a
data capacity of 2 TBytes the NFR system has a feasibility of
the data capacity of 2 TBytes. Thin optical disks that have a
thickness of about 0.1 mm can rotate at high speed,>*>® and
have demonstrated high-data transfer rate recording.’’~>"
Although the NFR optical disk has a fourfold higher data
capacity per recording layer than that of Blu-ray disk, the
20nm gap servo control between the SIL optical head and
the disk surface meant that there were difficulties with
obtaining a high disk rotational speed for high-data transfer
rate recording when the conventional method was used.**=%
We have proposed a precise gap servo system of reducing
harmonics of an axial run-out disturbance-feed-forward
control (RHD-FFC) system for the NFR drive.’® We
have also proposed a high-density thin optical disk with a
narrow track pitch for NFR with an SIL, and also have
reported and indicated the feasibility of high-data transfer
rate recording corresponding to 252 Mbps and indicated less
than 2 nm of high-precision gap servo control with a small
axial run-out between 1 and 10 um,, ,, and obtained sufficient
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Fig. 1. (Color online) Configuration of NFR-TOD.

carrier-to-noise ratio characteristics at a high disk rotational
speed.®

We report on the recording characteristics of an NFR-
TOD by applying a partial response maximum likelihood
(PRML) signal processing for reproducing playback signals,
and applying a new cooling-less-type write strategy (WS) for
the NFR-TOD system. We evaluated the bit error rates
(bERSs) of recorded data on high-density thin optical disks.

2. Near-Field Optical Recording on High-Density Thin
Optical Disk

2.1 High-density thin optical disk media

The configuration of a prototype NFR-TOD is shown in
Fig. 1. The disk has recording tracks with a track pitch of
160 nm and a groove depth of 30 nm. The groove tracks were
copied from a metal stamper, which was made by the heat-
mode mastering method. The NFR-TOD consists of a stack
of reflective, interference, lower dielectric, recording, upper
dielectric, and surface protective layers on a thin substrate.
The elements and thickness of each component are listed on
the right. The recording layer is applied to an inorganic
metal-oxide material of Bi-B—-Ge—O, which has been used
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Fig. 2. (Color online) Characteristics of refractive index (n) and

extinction coefficient (k) versus flow rate of N/Ar gases for forming
SiN surface layer.
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Fig. 3. Image of recording marks on a prototype NFR-TOD. The
image was observed by scanning electron microscopy (SEM).

on a write-once-type thin optical disk.”® These layers were
made by using RF magnetron sputtering equipment. The
surface protective layer was applied silicon nitride (SiN).
The SiN surface layer was made by using an optimized
nitrogen gas and Ar-sputtering gas ratio. Figure 2 shows
the characteristics of refractive index (n) and extinction
coefficient (k) versus flow rate of N/Ar gases for forming
the SiN surface layer. The horizontal axis (x) shows the flow
rate of N. When the N/Ar ratio of 7/60 was applied, the
n obtained had a high reflective index (n) of 2.1 with
suppressing to low k.

The recording experimental results were as follows: the
jitter value was 17.8% when the conventional N/Ar gases
flow rate of 10/60 was applied. When the optimized N/Ar
gas flow rate of 7/60 was applied, the jitter value reduced to
15.0%.

Figure 3 shows an image of recording marks on the
prototype NFR-TOD. This image was observed on the
recording layer of the NFR-TOD by scanning electron
microscopy (SEM). The recording marks that recorded
random patterns of various lengths are shown on the right.

2.2 Write strategy
We propose a cooling-less-type-write strategy (cl-WS) for
a write-once-type NFR-TOD. Figure 4 shows the shape of
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Fig. 4. (Color online) Cooling-less-type of write strategy (cl-WS)
for NFR-TOD.

the cl-WS for the NFR-TOD. The WS was based on a castle-
type WS and was improved for NFR. The recording power
on near-field recording media was less than that of
conventional far-field recording media. Thus, the effect of
thermal accumulation and diffusion in the recording layer on
the NFR media could be ignored. As the cooling process was
omitted and simply drove the laser emission, the timing of
laser emission could be precisely controlled.

As the recording experimental results, the jitter value was
15.0% when the conventional castle-type WS was applied.
When the cl-WS was applied, the jitter value could reduce to
14.4%.

2.3 Applying partial response maximum likelihood
(PRML) on NFR-TOD

This time, the PRML signal processing was applied for
playback signal®” for NFR-TOD. To evaluate and obtain a
low bit error rate, we have made a prototype PRML signal
processing system for the NFR-TOD system (on Fig. 5). The
PRML signal processing system was composed of the large
scale integrated (LSI) circuits and it was embedded with
some PR coefficients to be able to process in real time for the
playback data. Because the calculation was simple and the
processing was fast, we prepared the PR coefficients of
PR(121), PR(1331), and PR(1221).*® Applying the signal
processing system, we investigated the recording and
playback and measured the bit error rates of the NFR-TOD.

3. Experimental Procedure

3.1 Experimental conditions

Figure 5 shows the configuration of the NFR-TOD
experimental setup. An SIL was used on the optical head
based on the NFR optical disk drive system. The mechanical
stabilizer was close to the rotational disk. Table 1 sum-
marizes the specifications for the experimental set-up. The
optical head was applied LAH79 SIL. The gap distance
between the SIL optical head surface and the disk surface
was adjusted to 20 nm, and the gap servo and tracking servo
were operated. The PRML signal processing system was
prepared and applied for playback signals. We recorded the
random pattern data and evaluated the playback signal by
applying some PR equalizations and Viterbi detection.
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Table 1. Specifications of experimental setup.

Laser wavelength (nm) 405

NA (objective lens) 1.84

Track pitch of disk (nm) 160

Disk capacity (GBytes) 100

Gap length (nm) 20
Recording modulation 1-7PP

Detection method

of palyback signal PR + Viterbi

Table 2. Conditions of recording laser powers.

Top write power (mW) 3.45
Middle write power (mW) 3.40
Bias power (mW) 1.15
Conventional cooling power (mW) 0.05
Read power (mW) 0.21
Table 3. Characteristics of PRSNR.
PR coefficients PR(121) PR(1331) PR(1221)
PRSNR 8.1 11.2 14.1

3.2 Experimental results

We evaluated the recording characteristics of NFR-TOD.
Table 2 summarizes the conditions of recording laser powers
when the data transfer rate was 36 Mbps. First, we evaluated
the signal-to-noise ratio when various PR-equalization
coefficients were applied at the same speed. Table 3 shows
PRSNR* characteristics versus PR coefficients. When the
PR coefficient of PR(1221) was applied, PRSNR obtained
the highest value of 14.1, which was above those of
PR(1331) and PR(121).

We then evaluated the bit-error-rate (bER) characteristics
when the recording capacity with linear density was varied.
Figure 6 plots the bER characteristics vs the recording
capacity for the NFR-TOD. The bER characteristics increas-
ed with recording capacity. When PR(1331) was applied,
many bit errors were detected. When PR(1221) was applied,

(Color online) Configuration of experimental setup. The system included the prototype PRML processing system.
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Fig. 6. (Color online) Bit-error-rate characteristics of NFR-TOD.

the bER was reduced compared with that when PR(1331)
was applied. When the improved WS was applied, the bER
was further suppressed. The bER of 1 x 10~ was obtained
at a rate corresponding to 80 GBytes, and the bER of
5 x 1073 was obtained corresponding to 100 GBytes. We
think that the media would obtain lower bER for higher
reliability when the material composition ratio of a recording
layer of the media is strictly optimized.

We found that the prototype NFR-TOD and the system
would have capable performances for recording and playing
video data when not only an error correcting code (ECC) of
the current Reed-Solomon code but also a robust ECC of
low-density parity-check code was applied.

4. Conclusions

We confirmed that the prototype NFR-TOD had sufficient
recording characteristics on the NFR experimental system
by improving the recording media, applying a new write
strategy, and applying the optimized PRML signal proces-
sing for the playback signal. The NFR-TOD system and the
experimental results indicate the possibility of high-density
recording and playback of high-quality video data.
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