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Optical characteristics of discs for near-filed recording
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Abstract

In this paper, we investigate field distribution and interference pattern in the exit pupil and in the focal

region. Also, we compare with metal and dielectric substrate for near-field recording. To obtain field

distribution, we use modified vector diffraction theory and Zernike Polynomials. Finally, we design and

optimize refractive index and thickness of disk for near-field surface recording and cover-layer incident

recording.
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Fig.1 Schematic of electric field vectors in the entrance

and exitpupils of the aplanatic system with a Solid
Immersion Lens.
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Tablel Specifications of the SIL optical head designed
for near-field recording

Effective NA 1.50
Material LaSFN-9
SIL. Diameter (mm) 1.0
Index 1.887
NAO 0.8 (=in air)
Wavelength (nm) 405
Polarization x-Linear
Disk BK7 ( ngxr=1.53)

Hemisphere SIL for near-field recording
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Fig. 2 The calculated reflected irradiance of an NA=1.5 solid immersion lens that is separated by a 1000nm air gap
from a flat sample of BK7. (a) horizontally polarized irradiance, (b) vertically polarized irradiance, and (c) total

irradiance.
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Fig.3 The calculated reflected irradiance of an NA=1.5 solid immersion lens that is separated by a 1000nm air gap
from a flat sample of Al (n, =0.629+5.002i at 405nm). (a) horizontally polarized irradiance, (b) vertically
polarized irradiance, and (c) total irradiance.
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Fig.4 The calculated interference pattern of an
NA=1.5 solid immersion lens that is separated by
a 20nm air gap (a) BK7, and (b) Aluminum
substrates.
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Table 2 Calculated wavefront aberrations

Abetations
{Zerike CoefTicient)

Numesical Value

Substrate )

Astigmatism {4 7) 249.1

BK7 Coma {4} 8

Sphericali4 o) 13

Astigmatism (4,;)

Aluminum Coma (45 0

Spherical {4 4)
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SiN(15nm) =2.10+0.001i
ZnS-Si0z(50nm) n=2.38+0.001i
GeSbTe(15nm) n=3.05+1.9i

ZnS-Si0x(10nm) n=2.38+0.001i
SiN(10nm) n=2.1+0.001i

Ag alloy(70nm) n=0.174+2.0i
Substrate(1.1mm) n =1.6224

Fig. 5 Optical configuration with the SIL, air-gap,
and the rewriteable first-surface GeSbTe phase
change stack on a polycarbonate (PC) optical disk
substrate.
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Fig. 6 The total intensity distribution for Fig. 5
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Fig.7. The intensity distributions of @) |E,|" + |Ey Iz

and b) |E,[" in the focal region of an NA=145

focusing system that consists of a SIL with ng;, =
2.086, an air gap with n,, = 1.0 of height 4,/10 and
a cover-layer with n .., = 1.58.
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Propagation Axis [A]

Radial Axis [A]

(a)

Radial Axis [A]

and b) |E,| in the focal region of an NA=145

focusing system that consists of a SIL with ng; =
2.086, an air gap with n,, = 1.0 of height 4,/10 and
a cover-layer with n,,. = 1.58. A comparison with
the uncorrected field structure of fig. 7 shows a
considerable improvement of the field structure by
the phase-only correction.
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