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Disk-Bhaped Optical Storage Medium

and Method for its Fabrication

The invention relates to a disk-shaped optical storage medium
for binary information, stored serially as a sequence of pits
and lands along a spiral track in a smooth optical reference
surface, the pit and land "lengths, which are iﬁdependent,from
each other, representing the stored binary values which are
readable by means of a tracked focussed laser beam according
to the principle of interference. The invention further
relates to a method of fabricating a so-called glass master,
from which dies can be copied, which in turn serve the mass
production of such a disk-shaped storage medium.

One of the nmost well-known storage media of the aforementioned
kind is the compact disc, the salient prbperties of which are
defined by the Standard IEC 908 and by the specification
"Ccompact Disc Digital Audio System Description", June 1989,
published by Sony Corp. and N.V. Philips. Among other things
the compact disc has the following features: the information
is recorded serially in the form of a spiral track on a smooth
reference surface and readable in the reflection node by means
of a focussed laser beam. In the plane of the smooth reference
surface the focussing diameter is equivalent to the track
width of approx. 1 pum. Within the track a sequence of trough-
shaped recesses, the so-called pits are provided which are se-
parated from each other in the track direction and in the ra-
dial direction by regions of the smooth reference surface. The
regions of the reference surface located in the track di-
rection between neighboring pits are called lands. The width
of the pits amounts to less than half the track width. The
lengths of the pits and lands represent the stored binary va-
lues such that, as viewed in the track diréction, each transi-
tion between a pit and a land or beﬁweeg a land and a pit is
detected as logic one, the remaining regions of both the pits
and the lands as logic zero, however. For detecting the tran-
sitions use is made of the principle of destructive interfence
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known from German patent 22 08 379. This is at an optimum for
a disk surface of consistent reflection when, on the one hand,
the depth of the pits corresponds precisely to a quarter of
the wavelength of the reading light bundle, on the other, when
one half of the light incident is reflected by the regions of
the smooth reference surface surrounding the corresponding pit
(including the. lands), - thé other half by the bottom of the
pits. The sequence of pits and lands would then furnish maxi-
mum amplitude modulation of the reflected light bundle. The
mandatory requirement for non-contact reading an optical
storage medium is, however, also obtaining a tracking signal
from the reflected portion of the reading light bundle, The
tracking signal is, however, for a pit depth of Af4 = 0, while
passing through a maximum at a pit depth of A/8, however.

Thus, neither with the compact disc nor with any other optical
storage medium working according to this same reading princi-
ple can use be made of the optimum pit depth of Af4 for
retrieving the information signal. Instead, the pit depth
amounts to approx. 0.225 A. For a compact disc having n=1.46,
which, as is known, is read through the transparent polycarbo-
nate, and at the usual hwavelength of 780 nm of the laser
light, i.e. at a wavelength of 534 nm in polycarbonate, the
pit depth thus amounts to 120 nm.

From the German laid-open patent application 41 21 505 a fur-
ther development of the optical storage medium of the afore-
mentioned kind is known which has the objective of simplifying
the mnmethod of fabrication by allowing greater tolerances in
pit depth and particularly to permit speeding up clocking the
injection molding machines used to mold the storage medium
without endangering the compatibility of the storage medium
with a storage medium of the kind as stated at the outset. For
this purpose, in the further-developed storage medium instead
of the sequence of pits and lands a full-length groove is pro-
vided with is modulated in depth, namely exhibiting first re-
gions of greater depth, corresponding to the pits, and second
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regions of lesser depth, corresponding to the lands, with
steplike transitions located inbetween. In this arrangement
the depth of the first regions is dimensioned precisely equal
to the aforementioned optimum of one guarter of the wavelength
of the reading light bundle, whilst the depth of the second
region amounts to roughly a sixteenth of this wavelength.

Of the storage media of the aforementioned kind particularly
the compact disc has achieved great popularity and a corre-
spondingly high economic significance. Producers in this field
are now confronted increasingly with the problem of bootleg
products and piracyware. Since the method of production of
such optical media has since become general art and mastered
well, neither the trade and not at all the end-user is able to
distinguish piracyware from the original ware.

It is therefore the object of the invention to provide a disc-
shaped storage medium of the kind concerned with a durable
identification feature (of basically any shape and size) which
is exceptionally difficult to imitate and which can be relia-
bly detected by optical means.

The object is achieved according to the invention in that a
selected number of the total lands is formed in the optical
reference surface as depressions which are shallow in compa-
rison to the depth of the pits.

It has been surprisingly found out that irrespective of the
number of lands brought out in this way from the 'optical refe-
rence surface the compatibility of such a storage medium is
also not detrimented even when the pit depth fails to be equi-
valent to the proposed 0.25 A of German laid-open patent 41 21
505 but instead to. the 0.225 A otherwise stated in prior art.
The proposal according to the invention thus allows the manu-
facturer to provide each and every storage medium with an
identification feature in the form of a number of lands confi-
gured as shallow depressions at one or more given locations
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without any additional expense whatsoever during the pro-
duction process. In the extreme case this identification fea-
ture may be so small, i.e. involving so few lands, that it can
only be rendered visible by means of an electron microscope,
this also with reasonable time expense only when the location
of this identification feature is known.

It is, of course, not necessary that the lands recessed in the
optical reference surface serving to identify the storage me-
dium are directly in sequence in the tracking direction and
can thus also be separated by more than 1 pit and the "normal®
lands located between these pits. In addition, it is not
necessary that all of the recessed lands have the same depth.
Instead, within a prescribed depth region the depths of the
lands may differ randomly or according to a given pattern.

A further, unexpected effect consists in that the lands formed
according to the invention, although recessed in the optical
reference surface only to fractions of the wavelength of the
reading light bundle, result in effects which are visually ap-
parent even when illuminated with diffuse white 1light (e.q.
daylight) by the unaided eye when a sufficient number of such
lands is provided. Accordingly, preference is given to an em-
bodiment in which the lands formed sequentially as depressions
in the tracking direction and/or neighboring in the radial di-
rection constitute a macroscopic pattern. Depending on the
angle of incidence and observation of the light, this pattern
is highlighted from the remaining surface of the storage me-
dium by a departure in the gray step, similar to that of a so-
called watermark. It will readily be appreciated that the vi-
sual pattern produced in this way may be basically of any kind
whatsoever, i.e. it may reproduce the name or logo of the ma-
nufacturer, for example, the title of the stored program mate-
rial and the 1like.

Preferred possibilities of configuring the geometry of the
lands formed as depressions are stated in the claims 3 thru 5.
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To the extent that in claim 1 the lands serving as the identi-
fication feature are termed "shallow" as compared to the depth
of the pits and this depth is stated in claim 5 as being a ma-
ximum of 30% of the depth'of the pits, these requirements re-
late to the case of the identification feature produced there-
by being located within the storage medium area required for
reading the storage medium. This area covers e.g. on a CD --in
addition to the so-called program region - a lead-in region
and a lead-out region. The areas of the storage medium located
outside of these regions are negligable as regards reading and
thus for proper functioning of the player. Here, the above 1li-
mitations as to the depth of the special lands used to iden-
tify the storage medium, i.e. recessed in the optical refe-
rence surface do not apply. This means that as regards pits
and lands arranged outside of the storage area required to
read the storage medium the depth of the lands recessed in the
optical reference surface can be any and thus, for instance,
may be optimized so that the resulting identification feature
has an exceptionally high contrast as compared to the remai-
ning storage medlum surface and thus is particularly easy to
detect by the unaided eye.

The further object of the invention of providing a method of
fabricating a glass master, by means of which and via the
usual intermediate steps an optical storage medium may be pro-
duced having the proposed identification feature, is achieved
in that in the region of the lands to be formed as depressions
in the optical reference surface the intensity of the laser
beam is reduced to a value amounting to a maximum of 50% of
the value of intensity generating the pits within the storage
area required to read the storage medium and outside of this
area is located bétween a technically feasible minimum value
and 100% of the value of intensity generating the pits. In
other words the laser beam is blanked as usual in the region
of the normal lands, whereas in the region of the lands formed
as depressions in the optical reference surface it is switched
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to a value of intensity which is less that that employed to
generate the pits. If the depth of the lands formed as a de-
pression in the optical reference surface is thereby to be va-
ried, use is made of a number of differing values of intensity
correspdnding to the number of different depths.

The 1nventlon. will now be explalned with reference to the

drawing in which:

Fig. 1 is a view of a compact disc as seen from above,
provided with an identification feature "CD" in
accordance with the present proposal and

Fig. 2 is a surface topography, e.g. at the location
X% in Fig. 1, in a slanting view and magnified
roughly 6000 times.

The compact disc illustrated in Fig. 1 merely representative
of optical storage media of the kind as stated at the outset
is shown with a watermark-type identification feature "CD",
also to be appreciated merely by way of example, presented in

" the overall reflecting surface as a modified (darker) gray va-
lue. Depending on the angle of observation all three identifi-
cation features, but also depending on the circumstances, one
or two thereof are visible.

In Fig. 2 the surface topography is illustrated in a slanting
view, as seen from the pressing side, The tracks represented *
are numbered (arbitrarily) on the left margin. The sections
taken from the tracks 1 thru 6 - which due to the high magni-
fication appear to be linear, but macroscopically are in spi-
ral sequence - show sequences of pits 21 and lands 22 dif-
fering in length in accordance with the binary information
stored in the partial region shown. Lands 22 are, in other
words, the regions of the optical reference surface belonging

to the track concerned.
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By contrast, in the tracks 7 thru 10 - in the section shown in
this case - the lands having depressions 23 which are shallow
in comparison to the depth of the unaltered pits 21 are formed
in the optical reference surface. It is evident that the lands
configured in this way have a U-shaped cross-sectional profile
and are only slightly narrower than the pits 21. Where the
pits 21 and the lands 22 or 23 are not generated by the known
laser-optical/photographic method but e.g. by means of a cut-
ting stylus on the so-called master, both the pits 21 and the

- lands 23 constitute in cross-section the negative of the shape
of the cutting stylus, i.e. they each have a vee-shaped cross-
sectional profile. Due to their slight depth - preferably less
than 20% of the depth of the pits - the lands then automati-
cally have a substantially smaller width than the pits (not
shown) .

In the presented embodiment lands 23 formed as shallow depres-
sions are generated or written in the surface areas of the
compact disc shown in Fig. 1 in which the identification fea-
ture W“CD" is arranged like a watermark, whilst in all other
surface areas the lands 22 remain as usual. When instead of
the macroscopic identification feature "CD" selected in this
case a disk-shaped optical sforage medium is to be provided
with a Yconcealed" identification feature, i.e. not discer-
nible to the naked eye and even non-detectable with a light
(optical) microscope, then for this purpose the number of the
lands 23 configured according to the proposal of this inven-
tion simply needs to be reduced correspondingly and formed at
a location known only to the manufacturer of the storage me-
dium. Furthermore, conventional lands 22 and lands 23 formed
according to the invention may be sequenced within the same
track, this sequence in turn representlng a binary informa-
tion, if required.

The starting point in fabricating disk-shaped optical storage
media of the present kind is usually a glass master, which is
coated with a photoresist and exposed trackwise by a laser



beam. Wherever the photoresist 1is exposed the depressions

termed as pits result following development of the glass
ster. If lands 23 of the proposed kind are to be written,
intensity of the exposing laser beam in the corresponding
gions is not reduced to zerc but to a value amounting to
veral 10% of the value of intensity generating the pits.

ma-
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What is claimed is:

1. A disk-shaped optical storage medium for binary infor-
mation, stored serially as a sequence of pits and
. lands along a spiral track in a smooth optical refe-
rence surface, the pit and land lengths, which are in-
dependent from each other, répresenting the stored bi-
nary values which are read-able by means of a tracked
focussed laser beam according to the principle of in-
terference characterized in that a selected number of
the total lands is formed in the optical reference
surface as depressions (23) which are shallow in com-
parison to the depth of the pits (21).

2. The storage medium as set forth in claim 1, wherein
said lands (23) formed sequentially as depressions in
the tracking direction and/or neighboring in the ra-
dial direction constitute a macroscopic pattern.

3. The storage medium as set forth in claim 1 or 2,
wherein said lands  (23) formed.as depre_ssions have a
U-shaped cross-sectional profile and a width roughly
corresponding to the width of said pits (21).

4. The storage medium as set forth in claim 1 or 2,
wherein said lands formed as depressions have a vee-
shaped cross-sectional profile and a width less than
that of said pits.

5. The storage medium as set forth in claims 1 thru 4,
wherein the depth of said lands (23) formed as depres-
sions is less than 30% of the depth of said pits (21).

6. A method of fabricating a glass master for a disk-
shaped optical storage medium according to any of the
cla:Lms 1 thru 5 by trackwise exposure of the photore-
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6. A method of fabricating a glass master for a disk-
shaped optical storage medium according to any of the
claims 1 thru 5 by trackwise exposure of the photore-
sist of the glass master by means of a laser beam in
the region of the pits to be generated and subsequent
development of the glass master until the photoresist '
exhlblts said depress:.ons at the exposed locatlons
characterized in that in the region of said lands -to
be formed as depressions in said optical reference
surface the intensity of the laser beam is reduced to

a value amounting to a maximum of 50% of the value of
intensity generating said pits within the storage area
required to read the storage medium and outside of
this area is located between a technically feasible
minimum value and 100% of the value of intensity gene-
rating said pits.

H\\\II\ \\\l\\ l||\\ \\l\l I



