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Phase change optical recording has gradually progressed up to the storage density of 5 GB with DVD system, and soon
reaches more than 20 GB by using blue laser beam. More over the 50GB, however, the system will be close to the optical
diffraction limit, and new other techniques have to be applied. Using optical near-field towards the super-density optical
data storage is expected as one of the promising core technologies; but, many difficulties are still remained and unsolved,
especially on the problems of high-speed readout for the flying lens and head. As an alternative method, using super-
resolution mask technique was also proposed in combination with optical near-field effect, and it was named "super-RENS
(super-resolution near-field structure)." Through the research for the last three years, several important relationship between
near-field recording and surface and local plasmons generated over tiny marks beyond the diffraction limit may play an
important role in future high-density optical recording. In this paper, several characteristics of near-field recording and
readout by using super-RENS are described, and novel techniques generated through the research are introduced.
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1. INTRODUCTION

According to the development of high-definition-digital-broadcasting TV, available information is getting bigger day by
day. Data storage technologies involving hard disk and optical disk have always been replaced by new technologies with
higher capacities. In optical disk, soon blue laser system will update the current red laser system, resulting in 20 GB and
more capacities in the near future. Replacing the blue and approaching sub-terabyte region has already been investigated,
overcoming the optical diffraction limit by optical near-field."® Using optical near-field is one of the promising candidates
for the future data storage because its characteristics are not limited by the diffraction theory, but the size of the aperture
which is emerged at the tip of the probe; thus the near-field can readout the size of molecular level theoretically. However,
retrieving stable and rigid near-field signals is very difficult because of its strong dependence of the spacing between the tip
and recording medium within 50 nm under a high-speed disk rotation system.*® So far, several ideas have been proposed
with a hard disk type slider head within a small aperture, with solid immersion lens, and with super-resolution mask layer.*®

Super-resolution near-field structure (super-RENS) was developed by our group in 1998, combining with super-
resolution mask technique and near-field optics.®*® In our first experiment, we demonstrated the readout resolution of less
than 100 nm, and in the second approach 60-nm resolution was achieved by 635-nm wavelength and lens NA 0.6. In 1999,
new super-RENS disk was also developed by using silver oxide (AgOx) and its light scattering characteristics with Sharp
Corp.."* First two years research of super-RENS quite inclined towards revealing the basic properties and understanding
near-field recording. However, through the research, very interesting world of near-field optics and phase change recording
has gradually cleared.’®™® In this paper, | describe not only near-field and surface plasmons generated over phase change
recording marks, and its scattering, but also several new approaches towards photonic devices.



2. HIGH-DENSITY RECORDING AND SURFACE PLASMON GENERATION

As it is well known, current optical recording and readout depends on far-field optics, and an mark signal is readout by
the basic theory of the separation and coverage of Oth and +/- 1th order diffraction; and it determines the diffraction limit
(¢ = AINA). In near-field readout, of course, we have to retrieve much smaller marks under the base of the diffraction
theory. Thus, the signal cannot be obtained anymore by the separation of Oth and +/- 1th order diffraction in the pupil. Well,
how can super-RENS read such tiny marks ? The understanding key is optical coupling of optical near-field and surface
plasmons covering with the recorded marks. The Fourier optics determines the modulation function of two slits problem is
determined as shown. **
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The first integration is carried out in the limit of spatial frequency between -w/2 7 and +w/2 7. However, the second
term'’s integration range is not but in infinitive. Therefore, in the higher frequency, exp term changes non-propagating mode
(here, kx is taken along the slit direction). This terms couples with the first term and the near-field terms (higher frequency
term), becoming the far-field signal. €= z is the spacing between two slits, and the higher term rapidly reduces with ¢.
However, considering only increasing the second term's integration does not improve the near-field signal because the term
effect is not so large in comparison with the value in the diffraction limit. The first super-RENS trials were carried out
without such consideration.

In order to improve super-RENS signal intensities, we tried to apply surface and local plasmon effect. Effectively using
and generating the plasmons may increase the signal intensity by the factor of 7 or 10. However, replacing Sb layer into Ag
cannot generate the surface plasmons because of miss matching of kx. Attenuated total reflection (ATR) method such as
SIL is the typical device to generate surface plasmons;*® but the device cannot be inserted in the optical disk. Instead, we
focused on using the mark trains as a 1-dimensional grating in the laser spot. To generate the plasmons, we have to prepare
for one dielectric layer with a positive dielectric constant ¢ (square of refractive index, n?), and adjacent metallic layer with
negative constant. The crystalline state of phase change film (Ngesprecrystal = 3.7-4.68 i, thus & = -7.8-35.2 i), and the
amorphous shows ¢ ,,,=12.6-20.3 i. Therefore, the crystalline marks satisfies the condition. Also, confining the electrical
field in x-direction (along the mark trains), we have to satisfy imaginary kz =[ € ,(w/c)? - (wlc)*( &, &,/( &+ €,)]*%. By
the grating effect, we can further increase kx by reducing the grating pitch beyond the diffraction limit and obtain imaginary
kz (See Fig. 1). This fact means that phase change marks can accumulate the surface plamsons, and the smaller the mark
size, the more plasmons are concentrated in the laser spot.
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Surface plasmons (SP)
Fig.1 Relationship between the surface plasmons and grating pitch

Fig.2 and Fig. 3 are FDTD computer simulation results of the surface plasmons generated over the small marks. In Fig.
2, alternative mark patterns consisting of Ag-AgOx, and GeSbTe-crystal-amorphous in Fig. 3 are calculated respectively.
The incident light polarization is along the patterns, and 635-nm wavelength is used. In both cases, for relatively long
marks, two plasmon peaks are allowed at the mark edges, and the plasmons are concentrated in the centers as the size is



smaller and smaller. The intensity of the plasmons depends on the negativity of &, and the Ag scattering centers show
much stronger plasmon field than that of GeShTe.
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Fig. 2 Plasmon field intensity depending on mark pattern size in Ag-AgOx system

Surface plasmons covering over small mark patterns
(GeSbTe:amo-cryst.)

Ez field in ZX plane
Polarization in x-direction

160 n 200 nm 320nm 400 nm 480 nm

Ez field at interface 1

Ez field at interface 2

Structure: PC/ ZnS-SiO»(170 nm)/ GeSbTe amo-cryst pattern (20 nm) / ZnS-SiO»(20 nm)
635nm wavelength & NA: 0.6

Fig. 3 Plasmon field intensity depending on mark pattern size in crystal-amorphous GeShTe system

According to Figs. 2 and 3, it is easy to understand that the near-field interaction and coupling together of Ag cluster and
GeShTe recording pattern generate very strong far-field scattering as the readout signals.

3. TOWARDS PLASMONS DEVICES

The simulation results were in agreement with the actual experimental results presented in the international near-field
optics conference 6 (NFO-6) in 2000. Interestingly, phase change recording marks can be used as a plasmon reservoir.
Recently we proposed one application of the plasmon coupling and scattering in super-RENS optical disk towards photonic
amplifyer, "local plasmon photonic transistor." The principle is very simple. Focusing two laser beams in the super-RENS
disk, and one beam is slightly modulated and another is used only for generating a light-scattering center in the AgOx film.
After small mark trains are recorded, and then two laser beams are crossed. As tuning the laser beam position, the



transmitted signals from the modulated laser beam are amplified by adjusting another laser power (sees Fig.4 and 5). It is
understood that recording marks have an important role in the signal gain in "local plasmon photonic transistor."?
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Fig. 5 The principle and experimental setup for local plasmon photonic transistor, and the relationship between signal gain
and recorded mark size. 200-nm mark trains were recorded by several laser powers, 0, 6.0, 7.0 and 8.0 mW. The blue laser
was modulated between 0.5 and 0.7 mW at 15.3 MHz.

4. CONCLUSIONS

Optical near-field, surface and local plasmon effects in super-RENS optical disks were described. Optical phase change
films have a very important role in generating and enhancing the signals beyond the diffraction limit size. Also, as the other
application, local plasmon photonic transistor was introduced.
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