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Abstract 
We describe a simple method of measuring vertical bire-
fringence over the entire surface of an optical disk substrate. 
Our design consists of a linearly polarized He-Ne laser (1-2 
mW) and a CCD camera interfaced to a computer. The 
measurement is non-intrusive, easy to set up, and needs 
only a few seconds to collect the data and plot a map of 
vertical birefringence over the surface area of the disk. The 
system described here is potentially useful as a quality-
control tool in substrate manufacturing environments. 

Recently, optical disk substrates have been produced reli
ably and inexpensively by the injection molding of poly
carbonate (PC) plastics. One disadvantage of PC substrates 
is their birefringence: the injection-compression molding 
process produces disks in which the refractive indices nr, nt, 
and nz along the radial, tangential, and vertical directions 
are slightly different from one another. At the operating 
wavelength of λ = 780 nm, for instance, typical values of 
these indices are: 

Δπ||, known as the lateral (or in-plane) birefringence causes 
a phase shift between the components of polarization par
allel and perpendicular to the tracks; this is particularly 
troublesome for magneto-optical disk readout, where the 
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substrate-induced phase shift interferes with the readout 
signal derived from the magneto-optical Kerr effect. The 
vertical birefringence, Δn⊥, causes problems because the 
read/write laser beam is generally focused on the storage 
medium through the substrate at fairly large numerical ap
ertures (NA ≥ 0.5). Depending on their state of polarization, 
the various oblique rays going through the substrate will be 
delayed differently by the vertical birefringence. This could 
induce a certain amount of astigmatism in the beam, which 
would in turn disturb the magneto-optical read signal, or 
enhance the feedthrough problem {i.e., the cross-talk be-
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FIGURE 1. (a) Schematic diagram of the birefringence measure
ment system. (b) The changing state of polarization of the beam as 
it propagates through the substrate. Only one complete oscillation 
is shown; however, polycarbonate substrates have a fairly large 
vertical birefringence, resulting in an oscillation period of —1 mm. 

tween focusing and tracking servo channels), or produce a 
number of other undesirable effects.1-4 

Advantages 
Several authors have reported on the measurements of bi
refringence (both lateral and vertical) using various ellip-
sometric techniques.5-8 These measurements tend to be 
elaborate, time-consuming, and confined to probing one 
small area at a time. Most often, these measurements are 
also intrusive in that they either slice and destroy the sub
strate, or render it unsuitable for further processing by the 
application of index-matching fluid during the measure
ment. In contrast to the existing methods, the technique of 
measuring vertical birefringence described here is fast, non-
intrusive, and applicable to the entire area of the disk. These 
features can be useful for quality control in the substrate 
manufacturing process. 

FIGURE 2 (right). Intensity of the scattered light along one radius 
of the disk. In (a) the incident polarization is parallel to the table. 
In (b) the polarization is at 45° to the table, namely, parallel to the 
plane of the disk. In (c) the incident polarization is perpendicular 
to the table. In both (a) and (c) the period of oscillations is ap
proximately 1.05 mm. 
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incident polarization is at 45° to the 
table {i.e., parallel to the plane of the 
disk); the periodic variations are absent 
in this case. In (c), where the polariza
tion is perpendicular to the table, the 
periodic intensity pattern returns. The 
period of these oscillations L is related 
to the vertical birefringence Δn⊥ of the 
substrate through the following for
mula: 

FIGURE 3. Fourier spectrum of the light intensity distribution depicted in Figure 2(a). Peak 
at ƒ = 0.95 mm-1 corresponds to periodic oscillations of polarization as the beam propa
gates along a disk radius. Inset is a magnified view of the peak. 

System Description 
Our birefringence measuring system is schematically de
picted in Figure 1(a). The 1 mW red He-Ne laser is linearly 
polarized and can be rotated in its mount, thus producing 
a beam with an arbitrary angle between its polarization di
rection and the plane of the table (the reference plane). The 
beam enters the substrate from the edge and propagates 
within the disk along the radial direction. Scattering of the 
beam by the substrate inhomogeneities will render the 
beam visible to the CCD camera. The disk is oriented at 45° 
to the table; thus, if the incident polarization happens to be 
either parallel or perpendicular to the plane of the disk, it 
will propagate without a change in its state of polarization. 
However, when the incident polarization makes a 45° angle 
with the plane of the disk {i.e., polarization either parallel 
or perpendicular to the table), then the beam will undergo 
periodic conversions along its path from linear, to elliptical, 
to circular, to elliptical, and back to linear polarization. 
These various states of the beam are depicted in Figure 1(b). 

The scattered rays that reach the CCD camera are 
mainly parallel to the table. Where the polarization inside 
the disk is linear and horizontal, scattered photons traveling 
parallel to the table are at a minimum; at such points the 
light reaching the camera is fairly weak. Where the polar
ization inside the disk is perpendicular to the table, the hori
zontally scattered photons are abundant, and the CCD will 
pick up a strong signal. We thus expect to see a periodic 
pattern of intensity along the path of the beam. 

Figure 2 shows plots of scattered light intensity along 
the optical path as picked up by the camera. In (a) the in
cident polarization is parallel to the table, giving rise to 
strong periodic variations of the scattered light. In (b) the 

At λ = 633 nm and with a measured pe
riod of L = 1.05 mm, the above formula 
yields Δn⊥ — 6 X 10-4, which is con
sistent with other measurements of the 
same substrate.8 

The period of oscillations can be 
derived fairly accurately from a Fourier 
spectrum of the intensity patterns of 
Figure 2. Figure 3 shows the spectrum 
of the signal displayed in Fig. 2(a); the 
noise now appears as a constant back
ground, but the signal manifests itself 
as the sharp peak at the (spatial) fre
quency of 0.95 mm-1. The width of this 
peak is a measure of the variations of 
birefringence over the radial range cov
ered by the measurement (provided, of 
course, that the measurement range is 
wide enough to render the truncation 

errors negligible). The inset to Figure 3 shows a magnified 
view of the peak, revealing its full width at half maximum 
(FWHM) to be around 0.23 mm-1. If the radial range over 
which the data was collected had been sufficiently wide, 
this width would have corresponded to a fluctuation of 
± 0.7 X 10-4 in the measured value of Δn⊥. 
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