
EP 0 329122 B1 Description The invention relates to a method for affixing
information characters on read-only optical discs and particularly to
affixing information on finished optical discs in such manner that the
characters can be read 5 by the human eye or electronically and cannot be
altered. Background of the Invention Read-only optical discs include
CD-audio, CD-ROM, CD-interactive and CD-video discs, the basic 10
structure of which is very similar. In particular, each of these four types
of read-only media is comprised of a dimensionally stable substrate on
which is coated a layer of light reflective metal protected by an overlying
layer of organic polymer. Typically both the substrate and the protective
layer are substantially transparent, but the disc is normally read through
the substrate side. The substrate is of sufficient thickness to serve as a
defocussing layer for the read beam. is     Read-only media of the kind
described above are made by a complex sequence of steps in which: (1) The
substrate is formed and digital or analogue information is impressed in the
substrate by action of a metal stamper in an injection molding or injection
compression molding apparatus. A single stamper can be used to impress
several thousand discs; (2) The side of the substrate bearing the
information is coated with a substantially continuous layer of a 20
reflective metal such as aluminum, which is usually applied by sputtering,
or silver; (3) A protective layer of polymer, such as nitrocellulose, is
applied to the metal coating layer; and (4) Label information is printed on
the protective layer by either transfer or screen printing. Frequently, it
is desired that the disc contain information which must be capable of being
read by the human eye or by a conventional optical character reader and yet
must be permanent in the sense that it 25  cannot be altered or obscured
without obvious damage to the disc. Since much information cannot be
affixed to either the impressed information areas or the label areas of the
disc, they must be placed in the non-informational areas of the disc such
as the clamping area or in the annuli on both sides of the impressed
information area(s) of the disc. Such non-impressed information includes
such things as serial numbers, lot numbers, logos, vendor identification,
distributor information, decorative patterns, names, bar 30  codes,
signatures, volume and issue numbers, edition numbers, dates and the like.
Readable information can easily be applied to the exterior non-information
surfaces of the substrate or protective layer by such methods as printing.
However, because the labeling or patterns are on the surface of the disc,
they are susceptible to damage and alteration and they can be removed too
easily. A most permanent way of affixing such information to the disc (as
disclosed in JP-A-61248250) is to 35  impress it into the disc during the
injection molding operation. However, this presents two problems. Firstly
since stampers may be used to make thousands of discs, the information must
be applicable to all of the discs impressed by that particular stamper.
Thus, serializations such as lot numbers, serial numbers, vendor
identification, dates and the like cannot be added by a fixed stamper
impression because they may not be applicable to all the discs produced by
that stamper. Secondly, even if the injection molding apparatus is 40
equipped with means for serialized impression by which, say, a serial
number can be impressed into each disc, any discs which are rejected for
any reason downstream of the molding process will cause gaps in the serial
number sequence. Thus serial information is better added after the disc is
fully manufactured. Before now, there has been no really satisfactory way
of adding ad hoc information to finished read-only disc media in such
manner that it was both readable by the human eye and/or by conventional
optical 45  character readers and indelible in the sense that it was
permanent and for all practical purposes unalterable without obviously
damaging the disc medium. Summary of the Invention 50     The invention is
therefore directed to a method for affixing an internal pattern of visible
information upon the non-information areas of a read-only optical disc
where the disc structure is comprised of (a) a continuous substrate layer,
(b) a substantially continuous layer of reflective metal, and (c) an
overlying continuous polymeric protective layer, at least one of (a) and
(c) being substantially light transmissive, which 



comprises passing a patterned sequence of pulsed laser light through a
transparent layer at a power level 55  sufficient to form a series of holes
in the reflective metal layer corresponding to the information pattern
without disrupting the surface continuity of either of layers (a) and (c).
2    EP 0 329122 B1 Brief Description of the Drawing The Drawing consists
of three figures of which Figure 1 is an orthographic representation of a
read-only optical disc containing information affixed by the method of the
invention; Figure 2 is a schematic cross- 5  section of an optical disc
illustrating the writing sequence of the method of the invention; and
Figure 3 is a schematic cross-section of the same optical disc on which
information has been written by the method of the invention. Definitions 10
The term "visible pattern" means that the pattern can be readily discerned
by the naked human eye or by an ordinary optical character reader. The term
"non-information area" refers to those areas of the optical disc which do
not contain impressed data and are therefore blank, or areas which, when
read by a read laser beam, translate to a 15 zero digital signal. The term
"light transmissive" as applied to the substrate and protective layers,
means that either one in conjunction with the metal layer is capable of
transmitting out at least 70% of the total light input from the writing
laser at whatever wavelength it may be. The term "transparent" refers to
the fact that visible light can pass through the layer in question and 20
that an observer can see through the layer. Detailed Description of the
Invention A. Disk Configuration and Composition 25 The specifications for
read-only optical discs are covered by European Computer Manufacturing
Association (ECMA) Standards 119 and International Standards Organization
(ISO) Standards DIS 9660. Discs meeting these standards are suitable for
use in practicing the method of the invention. The substrate for CD-audio
discs and other read-only optical discs is a transparent polymeric material
30 of 120 mm diameter and 1.2 plus or minus 0.1 mm thickness. The disc is
read by passing a laser read beam through the substrate and detecting
differences in the diffusion and/or reflection of the light as the disc is
rotated beneath the laser beam. The substrate material can be selected from
a wide variety of materials having a double pass reflection and
transmission of greater than 70%. Suitable substrate materials include
polycarbonate, polymethyl- 35 methacrylate and other polymeric materials.
So long as the substrate material meets the criteria for read- only optical
discs, they are suitable for use in the method of the invention. Substrates
can be formed by such processes as injection molding, injection-compression
molding, laminating or casting. The digital information of read-only
optical discs is impressed in the disc by molding under heat and pressure
using an appropriate mold or stamper. When the disc is made by injection
molding 40  or injection compression molding, the digital information is
compressed contemporaneously with formation of the disc. It will also be
recognized that the substrate, in conjunction with the protective layer,
serves as a barrier which prevents environmental damage to the reflective
layer. Thus the inherently continuous nature of the substrate is essential
for protecting the metal layer from humidity and other damaging
environmental 45 conditions which the disc may be subjected to. 



The reflective layer on the information-carrying surface of the substrate
must, of course, have sufficient reflectivity so that the overall
reflectivity of the laser read beam is above 70% (plus or minus 3%). Among
the suitable metals for this purpose are Al, Pt, Au, Ag, Cu, Ni, Ag and
various alloys of these materials. Such metal layers may be deposited by
such means as vapor deposition, sputtering, electroless plating and so
electroplating. The particular method of application which may be chosen
depends on the metal and the economics of the method vis-a-vis the metal of
choice. Regardless of the method of application, the metal reflective layer
will be substantially continuous in character. The precise degree of
continuity of the metal layer is critical only to the extent the required
degree of signal reflectivity must be obtained. Thus the layer need not be
absolutely continuous and smooth, but can 55 be porous and contain holes.
As an illustration of suitably continuous layers, sputtered layers of
aluminum are most frequently used in commercial CD-audio discs. The metal
layers for such discs when examined at 100X magnification appear porous,
and small areas of substrate can be seen through the layer. On the other
hand, electroplated layers of metals such as Au and Ag are relatively
non-porous and essentially 3    EP 0 329122 B1 completely continuous. Thus
the term "substantially continuous" as used herein with respect to the
reflective layer refers to sufficient layer continuity to provide the
required degree of reflectivity and transmissitivity of light back through
the substrate. The primary purpose of the protective layer, as implied by
its name, is to protect the underlying 5  reflective layer and the
information impressed in the substrate from both mechanical and
environmental damage. The protective layer is ordinarily a thin continuous
layer of polymer such as nitrocellulose or UV- cured acrylates which when
applied as a continuous film will render the disc structure hermetic. That
is, so long as the disc is not damaged, the reflective layer will not be
subject to conditions of humidity and other environmental conditions to
which discs might be subjected. The thickness of the protective layer in 10
conventional read-only discs is currently about 0.1-0.3 mm. However, from
the standpoint of theoretical operability as well as practical, the
protective layer might well be thicker. To perform this function
adequately, it is, of course, essential that the layer be impervious to
environmental factors and therefore it is also essential that the outer
surface of the protective layer not be in any way disrupted. Because
read-only media of the type described here are read through the substrate,
it is not necessary that the protective 15  coating be transparent or have
any specified optical properties. However, transparent polymers may be
chosen and are chosen frequently because of their esthetics. It will be
recognized that the wavelength of the laser beam used in the method of the
invention must be chosen so that it is substantially absorbed by the
reflective metal layer. Thus, when the disc is read by, for example, a
semiconductor laser, the metal layer is substantially reflective of the
laser read beam, but when 20  it is written upon in the manner of the
invention, it is substantially absorptive of the laser marking beam. In
addition, it has been found that a pulsed laser beam is much more effective
for use in the method of the invention than a continuous wave laser beam.
In particular, the pulsed laser light gives much better defined marking and
can be operated at a higher power level before disruption of the protective
layer becomes a serious problem. 25 B. Mark Formation The mechanism of mark
formation in the method of the invention is not completely understood.
However, the physical character of the mark gives a possible clue.
Examination of the marks created by the 30  invention at 5X magnification
reveals that the image areas are comprised of an array of intersecting
holes extending through the metal layer separated by areas which appear as
opaque dots. These small dots are probably dislocated quantities of
residual metal and polymer from the substrate and protective layers. 



Further examination of the marks reveals that both interfaces of the
substrate and protective layers with the metal layer are disrupted and in
some instances the outer surface of the thin protective layer is bowed 35
upward but not broken. It appears, therefore, that the metal is melted and
some of the polymer content of the adjacent layers is volatilized. From
this it seems likely that the aluminum in the image areas of the laser
becomes fluid and is forced away from the center of the target areas by a
combination of photon pressure, vapor pressure and surface tension. Be that
as it may, the exact medium of mark formation is not critical so long as
the power level of the 40  marking laser is not so high as to cause so much
volatilization of the polymeric layers that the surface of either one of
them is disrupted. That is, the continuity of the layer is not broken so as
to make the metal layer accessible to humidity and other environmental
conditions. From what little is understood about mark formation, it is
nevertheless clear that the power level of the writing laser must not be so
high as to cause disruption of the outer surface of either the protective
layer or the substrate layer. When both layers are 45  transparent, it is
preferred to carry out the method of the invention through the thinner of
the layers. By this means the power level of the laser becomes less
critical and small deviations are less likely to incur disruption of the
surface of either layer. Thus in conventional CD audio discs in which the
protective layer is of a thickness on the order of 0.1-0.3 mm and both
layers are transparent, it is preferred to carry out the invention by laser
light transmission through the protective layer. Nevertheless the method
can be carried 50  out successfully through whichever layer is transparent
or either layer if both are properly light-transmissive. It will be noted
also that when both the substrate and protective layer are transparent to
visible light, an observer of the pattern affixed in the disc by the method
of the invention is actually looking completely through the disc. 55
Description of the Drawings Figure 1 is an orthographic view of a CD-audio
disc in the interior of which serial information has been affixed by the
method of the invention. The circular disc 1 contains information area 3 on
which digital 4    EP 0 329 122 B1 information has been impressed by
injection molding. Areas 5 and 5a are respectively outer and inner annular
disc areas on which no information has been impressed. Area 7 is the
clamping area of the disc which contains no information and area 9 is the
center hole of the disc. A serial number 10 has been affixed by the method
of the invention and is visible in the clamping area 7. 5     Figure 2 is a
schematic cross-section of a non-information area of a finished read-only
disc which is comprised of a polycarbonate resin substrate 11, an aluminum
reflective layer 13 and an overlying nitrocellulose protective layer 15.
The arrows indicate the path of laser light in the areas which are to be
written on by the method of the invention. Figure 3 shows schematically the
results of marking on the non-information areas of the disc. In 10
particular, the areas of information affixed by the method of the invention
show a matrix of intersecting holes 17 having areas of solids 19 between
the holes 17 and areas 21 in which the polymer layers 11 and 15 have been
disturbed but not in such manner that the outer surface of either of the
polymer layers has been disrupted. 75 EXAMPLES Example 1 A standard
commercially made CD-audio disc having a bisphenol A polycarbonate
resin*substrate, 20 sputtered aluminum reflective layer and nitrocellulose
protective layer was positioned substrate-down in the writing chamber of a
Comet YAG laser marking system manufactured by Quantrad Corporation,
Torrence, CA. The computer control of the system was programmed to print a
serial number of six characters in the clamping area of the disc by passing
a pulsed laser beam through the protective layer of the disc. The 



characters had a height of 0.1 inch. A power setting of 65% was used to
mark the serial number in the 25 metal layer. The laser speed (traverse
rate) was 1800 inches per second with a spot density of 1. Though small
areas of the internal interface of the polymer layers with the metal layer
were disrupted, the letters were nevertheless quite precisely defined and
the surfaces of neither of the polymer layers were disrupted. Upon looking
downward through the disc at the affixed numbers under 5X magnification,
the mark areas appeared as a series of intersecting circular holes with
very small dark dots interspersed in the 30 interstitial spaces between the
circular holes. Examples 2-10 Using the same procedure as Example 1, a
series of standard CD audio discs was marked with a six 35 digit serial
number at various power levels to observe the effect of power level on the
efficacy of the marking process. The results are given in Table 1 below: 40
45 50 55 (*Resin CD 2000, manufactured by Mobay Chemica Corp., Pittsburgh,
PA, U.S.A.)    EP 0 329 122 B1 Table 1 Effect of Pulsed Laser Power Level
on Marking 5         Example No.   Power Level  Mark Characteristics 2
---80%         No discernible mark 3            65       Clear, well
defined mark, no change in protective layer surface 4            70
Clear, well defined mark, surface of protective layer raised 10
slightly 5            75       Mark somewhat ragged, more pronounced
raising of protective layer surface 6            80       Mark ragged,
surface of protective layer roughened 7             85      Mark ragged,
surface of protective layer roughened 15             8             90
Mark very ragged, surface of protective layer roughened and substrate layer
darkened 9            95       Mark more ragged, poor character definition,
protective layer very rough and substrate fogged as well as darkened 10
100       Mark very ragged, both protective layer and substrate 20
fogged and surface of substrate is roughened somewhat. These data show the
adverse effects of using too much or too little laser power in the method
of the invention. In particular, for this laser, about 65% power was needed
to get satisfactory marking, but the use 25  of over about 80% resulted in
excessive disruption of the protective layer. At 100% power, even the
substrate surface was affected. Examples 11-12 30     Using the same
procedure as in the previous Examples, two standard CD discs were marked
using a continuous wave laser beam instead of a pulsed beam. The results
are given in Table 2 below: Table 2 35
Continuous Beam Marking Example   Power  Mark Characteristics No.     Level



11      65%     Marks were light and uneven, could not be seen clearly from
substrate side, no roughening of surface of protective layer 12      70
Marks were varied in clarity and appeared to be distorted, appearance from
substrate side almost same as protective layer side, which was slightly
roughened 45     These data show that the use of a continuous wave laser
beam is significantly less effective than a pulsed laser beam of comparable
power. For this reason, it is much preferred to use a pulsed laser beam in
practicing the method of the invention. Claims 50 1. A method for affixing
an internal pattern of visible information upon the non-information areas
(5,5a,7) of a read-only optical disc (1) where the disc structure is
comprised of (a) a continuous substrate layer (11), (b) a substantially
continuous layer of reflective metal (13), and (c) an overlying continuous
polymeric protective layer (15), at least one of (a) and (c) being
substantially light-transmissive, 55     characterized by comprising the
step of: passing a patterned sequence of pulsed laser light through a
transparent layer at a power level sufficient to form a series of holes
(17) in the underlying reflective metal layer (13) corresponding to the
information pattern without disrupting the surface continuity of either of
layers (a) and (c). 6    EP 0 329 122 B1 Table 1 Effect of Pulsed Laser
Power Level on Marking 5        Example No.   Power Level  Mark
Characteristics 2           60%       No discernible mark 3            65
Clear, well defined mark, no change in protective layer surface 4
70       Clear, well defined mark, surface of protective layer raised 10
slightly 5            75       Mark somewhat ragged, more pronounced
raising of protective layer surface 6            80       Mark ragged,
surface of protective layer roughened 7            85       Mark ragged,
surface of protective layer roughened 15             8             90
Mark very ragged, surface of protective layer roughened and substrate layer
darkened 9            95       Mark more ragged, poor character definition,
protective layer very rough and substrate fogged as well as darkened 10
100       Mark very ragged, both protective layer and substrate 20
fogged and surface of substrate is roughened somewhat. These data show the
adverse effects of using too much or too little laser power in the method
of the invention. In particular, for this laser, about 65% power was needed
to get satisfactory marking, but the use 25  of over about 80% resulted in
excessive disruption of the protective layer. At 100% power, even the
substrate surface was affected. Examples 11-12 30     Using the same
procedure as in the previous Examples, two standard CD discs were marked
using a continuous wave laser beam instead of a pulsed beam. The results
are given in Table 2 below: Table 2 35
Continuous Beam Marking 



Example   Power  Mark Characteristics No.     Level 11      65%    Marks
were light and uneven, could not be seen clearly from substrate side, no 40
roughening of surface of protective layer 12      70      Marks were varied
in clarity and appeared to be distorted, appearance from substrate side
almost same as protective layer side, which was slightly roughened 45
These data show that the use of a continuous wave laser beam is
significantly less effective than a pulsed laser beam of comparable power.
For this reason, it is much preferred to use a pulsed laser beam in
practicing the method of the invention. Claims so 1. A method for affixing
an internal pattern of visible information upon the non-information areas
(5,5a,7) of a read-only optical disc (1) where the disc structure is
comprised of (a) a continuous substrate layer (11), (b) a substantially
continuous layer of reflective metal (13), and (c) an overlying continuous
polymeric protective layer (15), at least one of (a) and (c) being
substantially light-transmissive, 55     characterized by comprising the
step of : passing a patterned sequence of pulsed laser light through a
transparent layer at a power level sufficient to form a series of holes
(17) in the underlying reflective metal layer (13) corresponding to the
information pattern without disrupting the surface continuity of either of
layers (a) and (c). 6    EP 0 329 122 B1 2. The method of claim 1 in which
both of layers (a) and (c) are light-transmissive and the disc (1) is
transparent through its entire thickness in the pattern areas. 3. The
method of claim 2 in which the protective layer (15) is thinner than the
substrate layer (11) and the 5      patterned sequence of pulsed laser
light is passed through the protective layer (15). 4. The method of claims
1-3 in which the substrate layer (11) is a polycarbonate resin. 5. The
method of claims 1-3 in which the protective layer (15) is nitrocellulose.
10 6. The method of claims 1-3 in which the reflective metal layer (13) is
aluminum. PatentansprOche i5 1. Verfahren zum Anbringen eines inneren
Musters sichtbarer Information auf den informationsfreien Bereichen (5, 5a,
7) einer optischen Nur-Lese-Scheibe (1), worin die Scheiben-Struktur (a)
eine durchgehende Substrat-Schicht (11), (b) eine im wesentichen
durchgehende Schicht aus einem reflektierenden Metall (13) und (c) elne
darOberliegende polymere Schutzschicht (15) umfa~t, wobel wenigstens eine
der Schichten 20       (a) und (c) im wesentlichen lichtdurchlissig ist,
gekennzeichnet durch die Schritte des Hindurchschickens einer gemusterten
Sequenz eines gepulsten Laser-Lichts durch elne transparen- te Schicht mit
einem  Betrag der Leistung, der ausreicht, eine Serie von Lochern (17) in
der darunterliegenden Schicht aus dem reflektierenden Metall (13) zu
bilden, die dem Informations-Muster 25     entspricht, ohne die
Oberflachen-Kontinuitat jeder der beiden Schichten (a) und (c) zu
unterbrechen. 2. Verfahren nach Anspruch 1, worin die beiden Schichten (a)
und (c) lichtdurchlassig sind und die Scheibe (1) in den Muster-Bereichen
durch ihre gesamte Dicke hindurch transparent ist. 30  3. Verfahren nach
Anspruch 2, worin die Schutzschicht (15) dUnner als die Substrat-Schicht
(11) ist und die gemusterte Sequenz des gepulsten Laser-Lichts durch die
Schutzschicht (15) hindurchgeschickt wird. 



4. Verfahren nach den Ansprtlchen 1 bis 3, worin die Substrat-Schicht (11)
ein Polycarbonat-Harz ist. 35 5. Verfahren nach den Anspr~ichen 1 bis 3,
worin die Schutzschicht (15) Nitrocellulose ist. 6. Verfahren nach den
AnsprOchen 1 bis 3, worin die reflektierende Metall-Schicht (13) aus
Aluminium ist. 40  Revendications 1. Un proced6 pour apposer un motif
interne d'informations visibles sur le zones (5, 5a, 7) ddpourvues
d'information d'un disque optique (1) du type exclusivement pour lecture oO
la structure du disque se compose (a) d'une couche (11) de substrat continu
, (b) d'une couche essentiellement continue de 45     metal reflecteur (13)
et (c) d'une couche (15) protectrice , polymere , continue de recouvrement,
au moins l'une des couches (a) et (c) laissant essentiellement passer la
lumiere , caracteris6 en ce qu'll comprend les etapes consistent a faire
passer une s6quence configurde d'impulsions de lumiere laser au travers
d'une couche transparente A un niveau d'6nergie suffisant pour former une
serie de trous (17) dans la couche (13) de m~tal r6flecteur sous-jacent
correspondent au motif d'informations sans 50     interrompre la continuite
de surface de l'une ou l'autre des couches (a) et ( c) . 2. Le proc6d6
selon la revendication 1 dans lequel tant la couche (a) que la couche (c)
laissent passer la lumibre et le disque (1) est transparent sur toute son
epaisseur dans les zones configurees . s5  &  Le procede selon la
revendication 2 dans loquel la couche protectrice (15) est plus mince qua
la couche (11) de substrat et la s6quence configur6e d'impulsions de
lumiere laser traverse la couche protectrice (15). 7    EP 0 329 122 B111
liii! 11111 liii H i * C   L   M   S * 4. Le procedd selon les
revendications 1-3 dans lequel la couche (11) de substrat est une rdsino de
polycarbonate. 5. Le procddd solon les revendications 1-3 dans loquel la
couche protoctrice (15) est de la nitrocellulose. 5 9v'   6. Le prooddd
solon les revendications 1-3 dans lequel la couche (13) de mdtal rdflectour
est en aluminium. 10 15 20 25 30 35 40 45 50 55 8    


