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Focal depth in high-density optical storage system with a solid immersion lens
ZHANG Yao-ju CHEN Jun-feng
(College of Physics and Electronic Information, Wenzhou University , Wenzhou 325027, China)

Abstract: The optical field distributions for two types of aplanatic Solid Immerision Lenses(SILs) of
hemisphere (h-SIL.) and supersphere (s-SIL) were analyzed by using the vector diffraction theory.
The focal depths and spot sizes of the SILs for four materials (glass, silicon, gallium-phosphide, and
diamond) were simulated. The results show that the focal depth of the h-SIL is greater than that of
the s-SIL. The focal depth of the system is sensitive to the refractive index of the SIL and the spot size
is sensitive to the illuminating wavelength. As NA (numerical aperture of lens) increases, the focal
depth of the h-SIL decreases rapidly and monotonously, whereas the focal depth of the s-SIL has a
one-period-only oscillatory behavior. Compared with the h-SIL, the s-SIL has an advantage that it
lowers the demands for large-NA lenses in some applications, so that it is preferable to the applica-
tions in high-density optical storage and subtle photolithography.
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Fig.1 Scheme of an optical storage system with a SIL
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Tab. 1 Refractive index n and focal depth D
D(nm) D(nm)
Materials n A (nm)
for h-SIL for s-SIL
Glass 1.83 780 123 32.4
Silicon 3.5 1300 66 12. 4
GaP 3.4 560 30 13
Diamond 2.38 632.8 58 5.6
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Fig. 2 Focal depths as a function of NA for four

SIL materials, where (a) and (b) are the

cases for h-SIL and s-SIL, respectively.

The solid line represents the glass material

of n=1.83 at A=780 nm, dashed line is the

silicon material of n=3.5 at A=1 300 nm,
dotted line is the GaP material of n=3. 4 at

A=560 nm, and dash-dot line represents the

diamond material of n = 2. 38 at A =

632. 8 nm.
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Tab.2 Maximum NAs and minimum spot

sizes for several SIL systems

NA L« Grin (nm)
n (D=60 nm) (D=60 nm, NA,..)
h-SIL s-SIL h-SIL s-SIL
1.83 1 0.771 206. 7 206. 6
3.5 0. 956 0. 385 181. 2 223.9
3.4 0. 551 0. 151 138.6 150. 9
2.38 0. 852 0.551 147.2 151.2
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