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Abstract. A number of aberration compensation systems are investi-
gated for use with multiple-layer optical data storage. A Burch-type ob-
jective lens in conjunction with a Galilean telescope is found to be a
compact, simple and effective optical system for spherical aberration
compensation. © 1999 Society of Photo-Optical Instrumentation Engineers.
[S0091-3286(99)02002-4]
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1 Introduction

Single-layer optical disk systems are the most popular
dium for optical data storage. These systems consist
laser source, focusing objective lens, rotating disk, bea
splitter and detectors, as shown in Fig. 1. The laser di
provides a beam of light that passes through the beams
ter and is focused onto the recording layer by the objec
lens. The light is focused through the substrate that prot
the recording layer from contamination. The objective le
is usually mounted in an actuator that controls the fine
sition of the focused spot on the recording layer. Lig
reflected by the substrate is directed by the beamspl
onto a detector array that provides data and servo sign
The objective lens must compensate for the spherical a
ration introduced by the substrate so that micrometer-s
laser spots are realized at the recording layer.

The recording layer consists of micrometer a
submicrometer-sized features that alter properties of the
flected light. The features can be pits, reflective marks
magneto-optic domains. Features are arranged in s
tracks. Modulation of the reflected light at the detecto
indicates the data pattern as the focused spot scans alo
track.

The fidelity of the data signal at the detectors depe
on the relative size of the focused spot and the data feat
on the recording layer. If the spot size is too large w
respect to the features, contrast in the data signal is poo
most systems, the smallest feature is 30 to 60% of thee2

diameter spot size, which is approximately equal tol/NA,
where NA is the numerical aperture of the focused bea
andl is the wavelength air. The density of the features
the recording layer varies between 0.3 and 1.6mm22, de-
pending on thel, NA and track pitch used by the system
The raw capacity of a single-layer system is given by
product of the useable area on the recording layer and
average feature density.

Multiple-layer optical storage disks are currently bei
investigated1 as extensions to single-layer systems. Th
systems can have five or more storage layers on wh
optical data are stored, as shown in Fig. 2. The capacit
each layer of a multiple-layer system is nearly the same
Opt. Eng. 38(2) 295–301 (February 1999) 0091-3286/99/$10.00
-

-

s

r
.
-

-

l

a

s

n

e

f

a single-layer system. However, the total capacity isN
times greater, whereN is the number of layers. Data from
layer N is read by focusing light through the substrate a
interveningN21 storage layers.

With a multiple-layer system, there is the possibility th
information from more than one data layer can be simu
neously detected. This phenomenon is known as interla
crosstalk, and complicates the readout process. To m
mize crosstalk, each layer is separated byd>50mm and is
read individually. The focused spot size on each layer m
be as small as possible to maximize capacity.

Spot size can increase due to spherical aberration.
thicknesstn affects the amount of spherical aberration i
troduced. Figure 3 displays the variation in spherical ab
ration introduced by al5550 nm, NA50.6 beam focused
through substrate thicknesses fromt50.4 mm to t
51.2 mm, where the system is compensated at
51.2 mm. Spherical aberration varies linearly with t
coverplate thickness. The objective lens used for multi
layer data storage must compensate for varying amoun
spherical aberration and maintain a high NA over the en
multiple-layer thickness range. In addition, multiple-lay
data storage at the blue and red wavelengths is also

Fig. 1 Typical single-layer optical data storage device.
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