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An optical article for being transformed from a pre-activated 
state of functionality to an activated state of functionality is 
provided. The optical article includes a convertible element 
disposed in or proximate to the optical article and being 
responsive to an external stimulus. The convertible element 
for irreversibly altering the optical article from the pre 
activated state of functionality to the activated state of 
functionality upon interaction With the external stimulus. 
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OPTICAL ARTICLE HAVING ANTI-THEFT 
FEATURE AND A SYSTEM AND METHOD FOR 

INHIBITING THEFT OF SAME 

BACKGROUND 

[0001] The invention relates generally to optical articles. 
More particularly, the invention relates to anti-theft features 
for an optical article and methods of making same. 

[0002] Shoplifting is a major problem for retail venues and 
especially for shopping malls, Where it is relatively dif?cult 
to keep an eye on each customer While he shops or moves 
around in the store. Relatively smaller objects, such as CDs 
and DVDs are easy targets as they can be easily hidden and 
carried out of the shops Without getting noticed. Shops, as 
Well as the entertainment industry, incur monetary losses 
because of such instances. Due to the sensitive nature of the 
information stored inside, this problem become more severe 
if the CDs or DVDs are stolen from places like of?ces. 

[0003] Even though close circuit surveillance cameras 
may be located at such places, shoplifting or stealing still 
occurs. Consumable products sometimes are equipped With 
theft-deterrent packaging. For example, clothing, CDs, 
audio tapes, DVDs and other high-value items sometimes 
are packaged along With tags that set off an alarm if the item 
is removed from the store Without being purchased. These 
tags are engineered to detect and alert for shoplifting. For 
example, tags that are commonly used to secure against 
shoplifting are the Sensormatic® electronic article surveil 
lance (EAS) tags based on acousto-magnetic technology. 
RFID tags are also employed to trace the items in store 
shelves and Warehouses. Other theft-deterrent technologies 
currently used for optical discs include special hub caps for 
DVD cases that lock doWn the disc and prevent it from being 
removed from the packaging until the it is purchased, and 
“keepers” that attach to the outside of the DVD case 
packaging and also prevent the opening of the package until 
it is purchased. In some cases, retailers have resorted to 
storing merchandise in locked glass display cases. In other 
stores, the DVD cases on the shelves are empty, and the 
buyer receives the actual disc When the movie is purchased. 
Many of these approaches are unappealing in that they add 
an additional inconvenience to the buyer or store oWner or 

they are not as effective at preventing theft as desired. 
Optical storage media, in particular, pose an additional 
problem in that they are very easy to remove from their 
packaging and the sensor/anti-theft tags may be removed 
easily. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 is a schematic vieW of an optical storage 
medium having a convertible material disposed thereon and 
in one of the tWo functionality states in accordance With an 
exemplary embodiment of the invention. 

[0005] FIG. 2 is a cross-sectional side vieW of the optical 
storage medium of FIG. 1 taken along line 11-11. 

[0006] FIG. 3 is a schematic vieW of an optical storage 
medium having a convertible material disposed in a discrete 
area in accordance With an exemplary embodiment of the 
invention. 

[0007] FIG. 4 is a partial perspective vieW of an identi? 
cation card having a convertible material disposed on an 
optical layer in accordance With an exemplary embodiment 
of the invention. 
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[0008] FIG. 5 is a diagrammatical representation of a 
method for changing a functionality of an optical storage 
medium in accordance With an exemplary embodiment of 
the invention. 

[0009] FIG. 6 is a perspective vieW of an optical storage 
medium disposed inside a packaging in accordance With an 
exemplary embodiment of the invention. 

[0010] FIG. 7 is a diagrammatical representation of a 
method for changing a functionality of an optical storage 
medium in accordance With an exemplary embodiment of 
the invention. 

[0011] FIG. 8 is a How chart illustrating a business method 
for the sale of an optical storage medium in accordance With 
an exemplary embodiment of the invention. 

[0012] FIG. 9 is a schematic vieW of an optical storage 
medium having radio frequency circuitry disposed thereon 
in accordance With an exemplary embodiment of the inven 
tion. 

[0013] FIG. 10 is a schematic vieW of an optical storage 
medium having radio frequency circuitry disposed thereon 
in accordance With an exemplary embodiment of the inven 
tion. 

[0014] FIG. 11 is a partial perspective vieW of an identi 
?cation card having a convertible material disposed on an 
optical layer in accordance With an exemplary embodiment 
of the invention. 

[0015] FIG. 12 is a diagrammatical representation of a 
method for changing a functionality of an optical storage 
medium in accordance With an exemplary embodiment of 
the invention. 

[0016] FIG. 13 is a How chart illustrating a business 
method for the sale of an optical storage medium in accor 
dance With an exemplary embodiment of the invention. 

[0017] FIG. 14 is a schematic vieW of an optical storage 
medium having an electro-chromic structure disposed 
thereon in accordance With an exemplary embodiment of the 
invention. 

[0018] FIG. 15 is a cross-sectional side vieW of the elec 
tro-chromic structure of the optical storage medium of FIG. 
14 in accordance With an exemplary embodiment of the 
invention. 

[0019] FIG. 16 is a partial perspective vieW of an identi 
?cation card having a convertible material disposed on an 
optical layer and in one of the tWo functionality states in 
accordance With an exemplary embodiment of the invention. 

[0020] FIGS. 17-18 are cut aWay perspective vieWs of an 
optical storage medium having an electro-chromic structure 
disposed Within in accordance With exemplary embodiments 
of the invention. 

[0021] FIG. 19 is a cut aWay perspective vieW of an optical 
storage medium having a layer of thermo chromic material 
disposed Within in accordance With exemplary embodiments 
of the invention. 

[0022] FIG. 20 is a diagrammatical representation of a 
method for disabling a tailored menu to change a function 
ality of an optical storage medium in accordance With an 
exemplary embodiment of the invention. 
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[0023] FIG. 21 is a cross-sectional vieW ofan arrangement 
for applying voltage to an electro-chromic structure in 
accordance With an exemplary embodiment of the invention. 

[0024] FIG. 22 is a How chart illustrating a business 
method for the sale of an optical storage medium in accor 
dance With an exemplary embodiment of the invention. 

[0025] FIG. 23 is a graphical representation of the change 
in percent transmittance of a photo-bleachable dye upon 
interaction With an external stimulus. 

[0026] FIG. 24 is a graphical representation of the change 
in percent transmittance of an electro-chromic structure 
upon interaction With an electrical stimulus. 

SUMMARY 

[0027] Embodiments of the invention are directed to an 
optical article having an anti-theft feature and a method for 
inhibiting theft of the same. 

[0028] One exemplary embodiment of the invention is an 
optical article capable of being transformed from a pre 
activated state of functionality to an activated state of 
functionality. The optical article includes an optical data 
layer for storing data, and a convertible element disposed in 
or proximate to the optical article and being responsive to an 
external stimulus. The convertible element is in optical 
communication With the optical data layer. The convertible 
element may irreversibly alter the optical article from the 
pre-activated state of functionality to the activated state of 
functionality upon interaction With the external stimulus, 
and the data is read from the optical data layer in the 
activated state of functionality. 

[0029] Another exemplary embodiment is a system for 
altering a functionality of an optical article. The system 
includes an external stimulus for generating radiation in a 
predetermined Wavelength range. Further, the system 
includes an optical article having an optical data layer for to 
storing data and a convertible material disposed in or 
proximate to the optical article. The convertible material can 
change a property of said optical article upon interaction 
With the predetermined Wavelength range to irreversibly 
alter the optical article from a pre-activated state of func 
tionality to the activated state of functionality. 

[0030] Another exemplary embodiment is a system for 
altering a functionality of an optical article from a pre 
activated state to an activated state. The system includes an 
optical article, an external radiation source, and a directing 
material. The external radiation source generates an external 
stimulus adapted to interact With the optical article, such 
interaction causing a change in optical accessibility of 
optically stored data. The directing material is disposed on 
or proximate to the optical article, Where the directing 
material may direct the external stimulus to selective por 
tions of the optical article, thereby altering the functionality 
of the optical article from a pre-activated state to an acti 
vated state. 

[0031] Another exemplary embodiment is a method for 
altering functionality of an optical article from a pre-acti 
vated state to an activated state. The method includes 
providing an optical article Which is accessible by an optical 
access device that is enabled to ?rst access a menu of 

alloWable methods by Which the optical access device may 
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further access the optical article. Further, the method 
includes creating tWo menus on the optical article, Wherein 
a ?rst menu accessible by the optical access device alloWs 
execution of pre-activation commands or accessibility to 
pre-activation data, and Wherein a second menu alloWs 
execution of post-activation commands or accessibility to 
post-activation data. Furthermore, the method includes pro 
viding a means to render the ?rst menu inaccessible by the 
optical access device in such a manner that the optical access 
device accesses the second menu. 

[0032] Another exemplary embodiment is a method for 
exposing an optical article to an external stimulus, Where the 
optical article includes an optical data layer for storing data 
and a convertible material disposed in or proximate to the 
optical article. The convertible element is in optical com 
munication With the optical data layer and convertible 
material changes upon exposure to the external stimulus, 
said change irreversibly converting the optical article from 
a pre-activated state to an activated state. 

[0033] Another exemplary embodiment is a method for 
selling an optical article including receiving an optical 
article that includes an optical data layer for storing data and 
a convertible material disposed in or proximate to the optical 
article. The convertible element is in optical communication 
With the optical data layer and may to enable a change of 
functionality of the optical article from a pre-activated state 
to an activated state. The data is read from the optical data 
layer in the activated state of functionality. The method also 
includes conducting monetary transaction at a ?rst location. 

[0034] These and other advantages and features Will be 
more readily understood from the folloWing detailed 
description of preferred embodiments of the invention that is 
provided in connection With the accompanying draWings. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0035] Embodiments of the invention relate to an optical 
article having an anti-theft feature to inhibit theft or un 
authorized use of the optical article. As used herein, the term 
“optical article” refers to an article that includes an optical 
data layer for storing data. The stored data may be read by, 
for example, an incident laser. The optical data layer may 
include one or more layers. Further, the optical data layer 
may be protected by employing a protective outer coating. 
The protective outer coating is transparent to the incident 
laser, that is, the protective outer coating alloWs the incident 
laser to pass through and reach the optical data layer. 

[0036] The optical article may be an optical storage 
medium, such as a compact disc (CD), a digital versatile disc 
(DVD), multi-layer structures, such as DVD-5 or DVD-9, 
multi-sided structures, such as DVD-l0 or DVD-l8, a high 
de?nition digital versatile disc (HD-DVD), a blu-ray disc, a 
near ?eld optical storage disc, a holographic storage 
medium, or another like volumetric optical storage medium, 
such as, for example, tWo-photon or multi-photon absorption 
storage format. As Will be described in detail beloW, if the 
optical article is taken out of its packaging Without being 
authoriZed, or if the optical article is attempted to be played 
Without being authoriZed, the anti-theft feature may render 
the article un-readable or readable only for a ?nite period of 
time before making it permanently unreadable. 
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[0037] In other embodiments, the optical article may also 
include an identi?cation card, a passport, a payment card, a 
driver’s license, a personal information card, or other secu 
rity documents, all of Which employ an optical data layer for 
data storage. As Will be described in detail beloW, in these 
embodiments, the anti-theft feature renders the article 
unreadable by the reader until it is processed prior to being 
issued to the concerned authority. Hence, if the article is 
stolen before being issued, the data in the optical data layer 
is not readable and therefore the article is prevented from 
any un-authoriZed use before issuance. 

[0038] In embodiments of the invention, the optical article 
may be transformed from a pre-activated state of function 
ality to an activated state of functionality. This conversion 
from the pre-activated state to the activated state is per 
formed While authorizing the optical article for use. Data is 
read from at least a portion of the optical data layer in the 
activated state of functionality. Data may or may not be read 
from at least a portion of the optical data layer in the 
pre-activated state of functionality. A convertible element is 
disposed in or proximate to the optical article. The convert 
ible element may alter the state of functionality of the optical 
article from the pre-activated state to the activated state. The 
convertible element changes the state of functionality of the 
optical article by interacting With one or more external 
stimulus. In some embodiments, the convertible element is 
capable of irreversibly altering the state of functionality of 
the optical article. Further, the convertible element is in 
optical communication With the optical data layer. 

[0039] As used herein, the “pre-activated state” of func 
tionality refers to a state of functionality of the optical article 
Where the convertible element has not yet been exposed to 
one or more external stimulus as Will be described in the 
various embodiments of the invention. In the pre-activated 
state, the optical article may or may not be readable, that is, 
in the pre-activated state the data on the optical data layer 
may or may not be read by the incident laser. 

[0040] In an exemplary embodiment, some or all of the 
portions of the optical data layer may not be read by the 
incident laser in the pre-activated state. For example, the 
convertible element may alter the optical property of the 
optical data layer in certain portions and make the data in 
these portions un-accessible to the incident laser. In embodi 
ments Where the data in some portions of the optical data 
layer is unreadable, the optical article When played in the 
player may result in undesirable noise or disturbances When 
the data is attempted to be read from these unreadable 
portions, While the other portions may be read Without 
disturbances. Alternatively, making some portions unread 
able may lead to the Whole optical article being unreadable. 

[0041] CDs and DVDs may utiliZe an error-correction 
scheme to correct for imperfections in or on the disc, such 
as replication imperfections, dust, ?ngerprints, and poor 
mastering of the data. One error detection and correction 
code used on CDs is called the Cross Interleave Reed 
Solomon Code (CIRC). CDs use data redundancy and 
interleaving to detect and correct errors. The CIRC error 
correction used in CD drives and players is composed of tWo 
stages called C1 and C2 With de-interleaving of data 
betWeen the stages. Generally, a drive can detect and correct 
tWo bad symbols per block in the ?rst stage and three or four 
bad symbols per block in the second stage (depending on the 
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drive). Hence, errors can be described as C1 correctable if 
they are corrected in the ?rst stage and C2 correctable if they 
are corrected in the second stage. An E11 error means one 
bad symbol Was corrected in the ?rst stage, E21 means tWo 
bad symbols Were corrected in the ?rst stage. E31 means 
three bad symbols Were present in the ?rst stage; this block 
is uncorrectable at the C1 stage and so is passed to the 
second stage. E12 means one bad symbol Was corrected in 
the second stage and E22 means tWo bad symbols Were 
corrected in the second stage. E32 means there Were 3 or 
more bad symbols in the second stage. Some drives can 
correct up to 4 bad symbols at the second stage. If the error 
cannot be corrected in the second stage, it generally results 
in an uncorrectable error. 

[0042] DVD players use a different error correction pro 
tocol based on a Reed Solomon product code. A block of 
data is examined using parity roWs and columns. In this case, 
if there are six bad bytes in a roW, the roW is ?agged as a PI 
(inner parity) failure or error. The raW data may still be 
recovered using outer parity bytes. If there are more than 
seven bad bytes in a column, the column is ?agged as a PO 
(outer parity) failure or error. Blocks that are ?agged as PO 
failures are unusable and data is lost. 

[0043] The impact of the convertible element on error type 
(C1, C2, or uncorrectable error in the case of CD and PI or 
PO failure errors in the case of DVD) Will be a function of 
the disc format, the number of convertible elements, and the 
density and physical placement of the convertible elements. 
Hence, in one state, the convertible element can induce a C1 
error, C2 error, PI error, PO error, an uncorrectable error, a 
bad sector, or the like, as Well as combinations comprising 
at least one of the foregoing. The convertible element may 
also cause one data bit to change data state relative to a 
predetermined data state. 

[0044] In other embodiments, the data of the optical data 
layer may be readable in the pre-activated state, but only for 
a de?nite period of time. Consequently, after the de?nite 
time period elapses, the data of the optical layer may become 
unreadable for the incident laser. As Will be described in 
detail beloW, in such cases, the convertible element may alter 
the optical property of the optical article and render at least 
a portion of the optical data layer unreadable after the 
de?nite period of time, such that the optical article may self 
destroy, that is, become unreadable, once the de?nite period 
of time elapses. Contrary to the pre-activated state, the 
“activated state” of functionality of the optical article refers 
to the state Where the optical article has been exposed to one 
or more external stimulus as Will be described With regard to 
various embodiments of the invention. In the activated state 
of functionality, the data in the optical data layer is readable 
by the laser. In other Words, the optical article may be read 
Without any noise or disturbances, Which may otherWise 
have been present in the pre-activated state. 

[0045] When an optical article goes into an “activated 
state”, a measured optical parameter changes from its ?rst 
optical value to a second optical value Where the change in 
optical value results in a change in the error state of a sector 
or multitude of sectors on a disc. The variety of optical 
signals include those that affect the readout from the disc. 
These signals are layer re?ectivity, that includes single or 
dual layer re?ectivity, refractive index, in-plane birefrin 
gence, polarization, scattering, absorbance, thickness, opti 
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cal pathlength, position, and any other affecting the signals. 
The nature of these signals originates from the several 
intrinsic light parameters that affect the signal measured by 
the detector assembly of the optical disc reader. These 
intrinsic light parameters include light intensity, direction 
ality, polarization, and phase. 

[0046] The change in optical properties of the optical 
article upon exposure to an energy source, e.g., from the 
activation system, can appear in any manner that results in 
the optical data reader system receiving a substantial change 
in the amount of energy detected. For example, Where the 
dye is initially opaque and becomes more transparent upon 
exposure, there should be a substantial increase in the 
amount of light re?ected off of the storage layer and trans 
mitted through the content access layer and the optional 
optically transparent layer. Most dye compounds typically 
change (reduce) the amount of incident radiation detected by 
means of selective absorption at one or more given Wave 
lengths of interest (corresponding to the type of electronic 
storage device data reader system energy source). HoWever, 
energy absorbance by the dye compound is not the only Way 
to effect an optical property change. 

[0047] Most optical article reader system detectors are 
speci?cally designed to detect at least a certain intensity of 
radiation, re?ected at a narroW set of Wavelengths and/or 
frequencies surrounding the emitted Wavelength(s) and/or 
frequency(ies), and usually in a particular polarization state. 
Therefore, besides absorbing the incident energy Wave 
length(s), the dye compound(s) and/or the dye composition 
may additionally or alternately accomplish any one or more 
of the following: change the polariZation state of the incident 
energy; alter the frequency/Wavelength of the incident 
energy; change the path of the incident energy, Whether 
through re?ection, refraction, scattering, or other means 
such that some portion of the energy is directed (and/or 
re?ected off of the storage layer) aWay from the electronic 
storage device data reader system detector. For instance, in 
optical readers for DVDs (speci?cally for the DVD-5 for 
mat), the detector Will typically read an error at least about 
90% of the time When less than about 20% of the incident 
laser light reaches the detector, and the detector Will typi 
cally read an error at least about 99% of the time When less 
than about 10% of the incident laser light reaches the 
detector. HoWever, the detector Will also typically read an 
error less than about 2% of the time When at least about 45% 
of the incident laser light reaches the detector. Thus, any dye 
compound/composition that can be alternated betWeen these 
extremes of opacity and transparency at the given incident 
Wavelength(s) upon exposure to energy of the same incident 
Wavelength(s) is appropriate for use in content access layers, 
as described herein. 

[0048] In certain embodiments, the convertible element 
may render an optical state change from the pre-activated 
state to the activated state. The optical change may include 
a change in an optical property, such as re?ectivity, single 
layer re?ectivity, dual layer re?ectivity, refractive index. 

[0049] In certain embodiments, the difference betWeen the 
optical signals from at least a portion of the optical data layer 
in the pre-activated state of functionality and the activated 
state of functionality is at least about 15 percent. For 
example, the difference in the percent re?ectivity values or 
the percent transmittance values of at least a portion of the 
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optical article for an incident laser in the activated versus the 
pre-activated states may be at least about 15 percentage 
points. In the activated state, the re?ectivity may be 15 
percentage points higher or loWer, or the transmittance may 
be 15 percentage points loWer or higher, With respect to their 
respective values in the pre-activated state. 

[0050] In embodiments Where the optical article includes 
a DVD, the pre-activated state of functionality is character 
iZed by an optical re?ectivity of at least a portion of the 
optical article being less than about 45 percent. In these 
embodiments, the data in the optical data layer of the optical 
storage medium is not readable or is only partially readable 
in the pre-activated state. It should be appreciated that any 
portion of the optical article that has an optical re?ectivity of 
less than about 45 percent may not be readable by the player. 
In some embodiments, the optical re?ectivity of at least a 
portion of the optical article in one of the pre-activated or the 
activated state may be less than about 45, or less than about 
20 percent, or less than about 10 percent. Further, in other 
embodiments, the activated state is characteriZed by an 
optical re?ectivity of at least a portion of the optical article 
being more than about 45 percent. In some embodiments, 
the optical re?ectivity of the optical article in both the 
pre-activated and activated states is more than about 45 
percent, that is, the optical article is readable in both the 
pre-activated and the activated state. HoWever, as noted 
above, in these embodiments the optical article is readable 
only for a de?nite period of time in the pre-activated state 
and is readable for an inde?nite period of time in the 
activated state. 

[0051] It should be appreciated that there are analogous 
predetermined values of optical properties for activating 
different optical articles. For example, for DVD-9 (dual 
layer) media, the speci?ed (as per ECMA-267) minimum 
optical re?ectivity is 18 percent to 30 percent and is depen 
dent upon the layer (0 or 1). Alternatively, Where the 
modi?ed optical property is birefringence of the optical 
substrate, the speci?ed maximum alloWable birefringence 
for a playable DVD is 100 nm. Therefore, in a pre-activated 
DVD, the birefringence may be more than about 100 nm, or 
more than about 150 nm, or preferably more than about 200 
nm. In the activated state, the birefringence of the optical 
substrate is less than 100 nm. Alternatively, Where the 
modi?ed optical property is refractive index of the optical 
substrate, the speci?ed refractive index range for a playable 
DVD is 1.45 to 1.65. In one exemplary embodiment, the 
refractive index of the optical substrate in the pre-activated 
state is 1.65, more preferably 1.70 and even more preferably 
1.75. In the activated state, the refractive index of the optical 
substrate is in a range from about 1.45 to about 1.65. 

[0052] The convertible element may render the optical 
article partially or completely unreadable in the pre-acti 
vated state of functionality of the optical article. In the 
pre-activated state, the convertible element may act as a 
read-inhibit layer by inhibiting the laser from reaching at 
least a portion of the optical data layer and reading the data 
on the optical data layer. For example, the convertible 
element may absorb a major portion of the incident laser, 
thereby impeding it from reaching the optical data layer to 
read the data. 

[0053] Upon interaction With one or more external stimu 
lus, the optical property of the convertible element may be 
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altered to change the functionality of the optical article from 
the pre-activated state to the activated state. For example, in 
the pre-activated state, the convertible element may render 
the optical article un-readable by changing the optical re?ec 
tivity of the optical article for the incident laser. However, 
the convertible element upon interaction With external 
stimulus becomes transparent to the Wavelength of the laser 
used to read the optical article, thereby making the optical 
article readable in the activated state. 

[0054] Alternatively, the convertible element may re?ect 
the incident laser before the laser reaches the optical data 
layer. In this Way, the convertible element prevents the laser 
from reading the data in the optical data layer. Upon 
interaction With the external stimulus, the convertible ele 
ment alloWs the incident laser to pass through, and reach the 
optical data layer to read the data. 

[0055] Alternatively, if an attempt is made to use the 
optical article in the pre-activated state, that is, if an attempt 
is made to use the optical article Without interacting the 
convertible element With an external stimulus, the convert 
ible element may render readability for only a set period of 
time to the optical article. For example, the convertible 
element may alter the re?ectivity of at least a portion of the 
optical article after the set period, such that the optical article 
becomes partially or completely unreadable, after the set 
period. In other Words, the optical article may be readable 
only in certain portions after the set period of time. Alter 
natively, the optical article may self-destruct after the set 
period of time limit. The self-destruction may be initiated by, 
for example, exposure to elements, such as air or light, or 
both, at room temperature. In this Way, if the user takes out, 
for example, an optical storage medium from its packaging 
Without ?rst getting it exposed to the external stimulus, the 
optical storage medium is exposed to such elements Which 
render it unreadable. In some cases, upon exposure to room 
temperature elements, the optical article may be initially 
readable, but subsequently self-destructs itself after a given 
period of time. 

[0056] The convertible element may be disposed in or 
proximate the optical article in various forms. For example, 
the convertible element may be disposed in a discrete area 
on the optical article, such as an individual patch, a con 
tinuous layer extending across a portion of a surface of the 
optical article, or as a patterned layer extending across a 
portion of the optical article. 

[0057] Alternatively, instead of being disposed on the 
surface of the optical article, the convertible material may be 
disposed inside the structure of the optical article. In optical 
storage medium, the convertible material may be disposed in 
the substrate on Which the optical data layer is disposed. In 
such an embodiment, the convertible material may be mixed 
With the substrate material of the optical article. In alternate 
embodiments, the convertible material may be disposed 
betWeen the layers of the optical article, or may be disposed 
Within the layers of the optical article. In an exemplary 
embodiment, the convertible material may be mixed With a 
polycarbonate to form the substrate for the optical storage 
medium. As used herein, the term “polycarbonate” refers to 
polycarbonates incorporating structural units derived from 
one or more dihydroxy aromatic compounds and may 
include co-polycarbonates and polyester carbonates. It 
should be appreciated that these dyes should be thermally 
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stable to Withstand the molding temperatures of up to about 
3800 C. of the optical article. Also, these dyes may prefer 
ably absorb the Wavelength of the laser in one of the 
activated, or the pre-activated state of the optical article. For 
example, dyes, such as acid blue 129, acid blue 45, acid blue 
48, acid blue 74, acid blue 80, solvent green 3, disperse blue 
3, disperse blue 134, disperse blue 14, basic blue 3, Indigo 
blue, solvent blue 2, solvent blue 4, solvent blue 6, solvent 
blue 14, solvent blue 68, solvent violet 8, basic violet 4, 
solvent violet 38, acid black 48, may be mixed With the 
polycarbonate to form the substrate. Upon interaction With 
external stimulus, the dye present inside the substrate 
changes color. As a result, the substrate may become trans 
parent to the laser light, thereby facilitating the transmittance 
of laser light through the substrate and making the optical 
article readable. 

[0058] The convertible element may include a convertible 
material that changes optical property in response to the 
external stimulus. For example, the convertible material may 
include one or more of a color-shift dye, a photo-chromic 

material, a photovoltaic material, a magnetic material, an 
electro-chromic material, or a thermo-chromic material, a 
magneto-optical material, a photo-refractive material, a light 
scattering material, a phase-change material, dye aggregates, 
nanoparticles. The color-shift dye may refer to a material, 
Which may change from a ?rst color to a second color upon 
interaction With an external stimulus, such that the ?rst 
color, second color, or both are transparent to the incident 
laser. In some embodiments, the color-shift dye may include 
a bleachable dye, Which bleaches upon interaction With the 
external stimulus, thereby becoming transparent to the inci 
dent laser. In some embodiments, the color-shift dye may 
darken upon interaction With the external stimulus, thereby 
absorbing the incident laser light. In other embodiments, the 
color-shift dye may include an aryl carbonium dye, thioZine, 
spyropyran, fulgide, diarylethene, liquid crystal, leuco dye, 
or a hydroquinone-based compound, or other suitable 
chemical compounds prepared by one skilled in the art. 

[0059] The change in optical properties of the optical 
article upon exposure to the external stimulus may result in 
the optical data reader system receiving a substantial change 
in the amount of energy detected. For example, there may be 
a substantial increase in the amount of light re?ected o? of 
the optical data layer and transmitted through other layers, 
such as the content access layer and the optional protective 
outer coating, in the portions of the optical article Where the 
material of the convertible element is initially opaque to the 
incident laser and becomes relatively transparent to the 
incident laser upon exposure to the external stimulus. Most 
dye compounds typically change (reduce) the amount of 
incident radiation detected by means of selective absorption 
at one or more given Wavelengths of interest (corresponding 
to the type of electronic storage device data reader system 
energy source). HoWever, energy absorbance by the dye 
compound is not the only Way to effect an optical property 
change. 

[0060] Most types of optical article reader system detec 
tors are speci?cally designed to detect at least a certain 
intensity of radiation, re?ected at a narroW set of Wave 
lengths and/or frequencies surrounding the emitted Wave 
lengths and/or frequency, and usually in a particular polar 
iZation state. Therefore, besides absorbing the incident 
energy Wavelengths, the convertible element, such as dye 
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compounds and/or the dye composition may additionally or 
alternately accomplish any one or more changes, such as 
change in the polariZation state of the incident energy, 
change in the frequency/Wavelength of the incident energy, 
change in the path of the incident energy, Whether through 
re?ection, refraction, scattering, or other means such that 
some portion of the energy is directed (and/or re?ected off 
of the optical data layer) aWay from the electronic storage 
device data reader system detector. For example, in optical 
readers for DVDs (speci?cally for the DVD-5 format), the 
detector Will typically read an error at least about 90 percent 
of the time When less than about 20 percent of the incident 
laser light reaches the detector, and the detector Will typi 
cally read an error at least about 99 percent of the time When 
less than about 10 percent of the incident laser light reaches 
the detector. HoWever, typically the detector may also read 
an error less than about 2 percent of the time When at least 
about 45 percent of the incident laser light reaches the 
detector. Thus, any dye compound/composition that can be 
alternated betWeen these ranges of opacity and transparency 
at the given incident Wavelength upon exposure to energy of 
the same incident Wavelength is appropriate for use in 
content access layers. 

[0061] The external stimulus that interacts With the con 
vertible element may include a laser, infrared radiation, 
thermal energy, infrared rays, X-rays, gamma rays, micro 
Waves, visible light, ultra violet light, ultrasound Waves, 
radio frequency Waves, microWaves, electrical energy, 
chemical energy, magnetic energy, mechanical energy, or 
combinations thereof. The interaction With the convertible 
element may include continuous, discontinuous, or pulsed 
forms of the external stimulus. 

[0062] The external stimulus may be selected based on the 
kind of convertible material. For example, When the con 
vertible material includes a color-shift dye, the external 
stimulus may be a light source of appropriate Wavelength 
and poWer to make the color-shift dye transparent to the 
laser, thereby changing the functionality of the optical article 
from an un-readable state to a readable state. Further, the 
poWer of the light source is su?icient to bleach the color 
shift dye. Additionally, the composition of the color-shift 
dye, as Well as the speci?cations of the poWer source may be 
tailored based upon the factors, such as color-shift dye 
concentration in the convertible material, thickness of the 
coating of the color-shift dye, or concentration of co-factors 
or catalysts for the process. In an exemplary embodiment, 
the convertible material may include organic or inorganic 
additives in combination With the color-shift dye. These 
additives may absorb the external stimulus, such as infrared 
radiation. In an exemplary embodiment, this absorption of 
the external stimulus by the additives may result in tem 
perature change of the additives. This temperature change 
may cause local heating in the color-shift dye, thereby 
making the color-shift dye transparent to the incident laser. 

[0063] Further, the color-shift dye, such as a photo-bleach 
able dye, may also be interacted With ultraviolet (UV) light. 
The Wavelength of the UV light may be in a range from 
about 190 nm to about 400 nm. In another example, visible 
light having a Wavelength in a range from about 400-800 nm 
may be used to interact With the convertible material to 
change the state of functionality of the optical article. 
HoWever, the photo-bleachable dyes may be enabled to 
absorb the radiation of the incident laser initially. It should 
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be appreciated that the Wavelength of the incident laser, i.e., 
the laser light used to read the optical article is about 780 nm 
for a CD, about 650 nm for a DVD, about 405 nm for an 
HD-DVD or a Blu-ray. Hence, the optical article having the 
photo-bleachable dye may be unreadable in pre-activated 
state. But becomes readable When the dye is made to interact 
With sunlight or normal room light prior to interacting it With 
the external stimulus for activating the optical article. UV 
light may also be used When the dye is combined With 
photocatalytic additives, such as titania nanoparticles. For 
example, one or more photo-bleachable dyes, such as meth 
ylene blue, polymethine dye, or malachite green may be 
exposed to UV light individually or in combination With 
titania nanoparticles. 

[0064] In an exemplary embodiment, the re?ectivity of the 
optical article may be reduced to less than 10 percent by 
depositing a layer having a methylene blue (MB) precursor, 
such as benZoyl leuco methylene blue (BLMB) in a resin 
matrix. The formation of MB is triggered by exposure to 
oxygen and the layer bonds With the optical article in the 
process. Alternatively, a photosensitive layer may be formed 
on the optical article by employing aryl carbonium dye 
precursors such as crystal violet lactone, in combination 
With photo acid generators (PAG), or aryl carbonium dyes 
may be used separately to reduce the re?ectivity of the 
optical article. Additionally, colorants may be mixed With 
these dyes to protect against photo-bleaching With a light 
source having a broad spectrum of Wavelengths and also to 
limit the amount of dye that needs to be bleached. This 
facilitates activation of the optical article in a minimum 
amount of time, thereby adding cost advantage. 

[0065] Alternatively, an adhesive may be employed as a 
convertible material. The bond strength of the adhesive may 
be altered upon interaction With the external stimulus. For 
example, in the pre-activated state, an element, such as a 
detachable label, Which is opaque to the incident laser, may 
be coupled to a portion of the optical article by employing 
the adhesive. Subsequently, upon interaction With the exter 
nal stimulus the adhesive may lose some or all of its bond 
strength, thereby facilitating the de-coupling of the element 
from the optical article, thereby making the optical article 
readable in the activated state. 

[0066] Alternatively, one or more ther'mo-chromic mate 
rials may be employed as a convertible material. The 
ther'mo-chromic material may be disposed on the optical 
article in various forms, such as a discrete portion, a con 
tinuous ?lm, or a patterned ?lm. During authorization, the 
ther'mo-chromic material may be heated using sources such 
as infrared lamps, laser radiation, Nichrome Wire, or by 
electrical coil, Which may be in direct contact With the 
convertible element or may radiatively or conductively 
conduct heat to at least a portion of the convertible element. 
Alternatively, the ther'mo-chromic material may be sub 
jected to a pulsed thermal energy, such as short single pulses, 
to render change in the optical property of the thermo 
chromic material such that the incident laser may pass 
through the thermo-chromic material and reach the optical 
data layer. For example, When the thermo-chromic material 
is employed in the form of a coating, in a discrete portion, 
or a pattern, or a continuous layer, the heat may change the 
color of the ther'mo-chromic material of the coating and 
make it transparent to the laser light. In another exemplary 
embodiment, a non-cured layer or partially cured layer of the 
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convertible material may be cured by subjecting it to infra 
red radiation and/or a catalyst to make the optical article 
readable. 

[0067] In an exemplary embodiment, the chemically sen 
sitive dyes may be employed as convertible material. These 
dyes may be chemically changed to alter the functionality of 
the optical article. For example, a pH sensitive dye may be 
mixed With a volatile amine and a resin to form a coating on 
the optical article. Consequently, When the optical article is 
subjected to heat, the amine layer evaporates in the presence 
of heat, thereby decreasing the pH and increasing re?ectivity 
of the article. Additionally, the resin may be modi?ed to 
facilitate heat generation to change the pH value of the dye. 

[0068] In addition to dyes, the convertible material may 
include particles that absorb the laser that is used to read the 
optical article. During authorization, the optical article may 
be exposed to a predetermined laser (Which has a Wave 
length other than the incident laser that is used to read the 
optical article), Which may melt or dissolve these particles so 
that the incident laser may reach the optical data layer and 
make the optical article readable in the activated state. 

[0069] In another exemplary embodiment, the dye may be 
such that it may be bleached under a vacuum ultraviolet 
(UV) light source. It should be appreciated that vacuum UV 
includes a light having a Wavelength equal to or less than 
190 nm. A vacuum UV light source produces radiation that 
includes a spectral range of 190 nm and less. In a normal 
environment, such as in a house, Where oxygen is present in 
the atmosphere, the atmosphere substantially absorbs light 
beloW 190 nm. Thus, any light source emitting a light in the 
Wavelength of 190 nm and beloW Will not be able to activate 
the optical article. In this embodiment, during authoriZation 
at a location, such as a point-of-sale location, the optical 
article may be sealed in a container that has an atmosphere 
that is free of oxygen and has a light source that emits light 
in a Wavelength of 190 nm and beloW. 

[0070] Alternatively, the convertible material may include 
a UV sensitive photo-refractive polymer or a phase change 
material. The convertible material may either be disposed on 
the surface of the optical article or be present in the bulk of 
the optical article. Further, a grating pattern is imaged in the 
convertible material to impede the readability of the optical 
article. At a point-of-sale location the optical article may be 
optically ?ooded to erase the grating and make the optical 
article readable. 

[0071] In an alternate embodiment, the convertible mate 
rial may contain a phase change material in Which the form 
of the phase change material can be interchanged betWeen 
amorphous and crystalline by heating. In one form, such as 
a crystalline form, the layer inhibits the laser from reaching 
the optical article, thereby making it unreadable. Whereas, in 
another form, such as an amorphous form, the convertible 
material renders the optical article readable. For example, 
the convertible material may include a chalcogenide, Which 
may be changed from the crystalline state to an amorphous 
state, and vice versa, by employing a high poWer laser. 
Alternatively, the convertible material may include a mate 
rial that may sWitch betWeen tWo or more molecular states 
With each molecular state having a signature color. The 
material may be transformed from one molecular state to 
another by varying parameters such as incident light, or pH, 
or both. 
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[0072] Further, the convertible material may include con 
vertible material, such as photo-chromic dyes, that may to 
undergo a change from a ?rst form to the second form When 
exposed to external stimulus, such as light of a predeter 
mined Wavelength. For example, exposure to light may 
result in a change in chemical structure by the opening or 
closing of certain bonds Within the chemical structure of the 
material. In these embodiments, the dye may absorb the 
Wavelength of the incident laser (for example, 650 nm for a 
DVD) in one of the ?rst or second forms and not in the other 
form. This Way, the optical article is unreadable When the 
convertible material is in one of the ?rst or second forms, but 
is readable When the convertible material is in the other 
form. Examples of such convertible material may include 
silver halides, diarylethenes, fulgides, spiropyrans and their 
derivatives, crystal violet lactone, polymethine dyes, 
anthraquinone dyes, aZulenium dyes, thioZine dyes such as 
methylene blue, tellurium oxide, chalcogenide materials, 
metal aZides, isomeriZable dyes such as derivates of aZoben 
Zene derivatives, and liquid crystals. In other embodiments, 
Where the Wavelength of the incident laser may be about 405 
nm or about 532 nm, nitrones, or nitrostilbenes based dyes 
may be employed in the optical article. 

[0073] Examples of photo-chromic dyes Which may 
undergo a change from a ?rst form to the second form may 
include spyropyrans such as l-(2-Hydroxyethyl)-3,3-dim 
ethylindolino-6'-nitrobenZopyrylospiran, 3,3 trimethylin 
dolinobenZopyrylo spiran, l ,2-Bis[2 -methylbenZo[b] 
thiophen-3-yl]-3,3,4,4,5,5-hexa?uoro-l-cyclopentene, 2,3 
Bis(2,4,5-trimethyl-3-thienyl)maleic anhydride, 2,3-Bis(2, 
4,5-trimethyl-3-thienyl)maleimide. Other examples can be 
found in E. Fischer, Y. Hirshberg, J. Phys. Chem., 1952, 
4522; G. H. BroWn, “Techniques of Chemistry, Vol. III, 
Photochromism”, Wiley-Interscience (1971); S. Irie, T. 
Yamaguchi, H. NakaZumi, S. Kobatake, M. Irie, Bull. Chem. 
Soc. Jpn., 72, 1139 (1999); M. Irie, Chem. Rev., 100, 1685 
(2000) Which is incorporated herein by reference. Other 
examples include spyropyrans such as l-(2-Hydroxyethyl) 
3,3-dimethylindolino-6'-nitrobenZopyrylospiran, l,3,3-Tri 
methylindolinobenZopyrylo -spiran, l ,3 ,3 -Trimethylin 
dolino-6'-bromobenZopyrylo spiran, 1,3 ,3 - 
Trimethylindolino-8'-methoxybenZopyrylospiran l ,3 ,3 - 
Trimethylindolino-0t-naphthopyrylo spiran, l ,3 ,3 - 
Trimethylindolinonaphtho spirooxaZine, and l ,3 ,3 - 
Trimethylindolino-6'-nitrobenZo-pyrylospiran. 
Photochromic diarylethenes include cis-l,2-Dicyano-l,2 
bis(2,4,5 -trimethyl-3 -thienyl)ethane, l,2-Bis[2-methyl 
benZo[b]thiophen-3-yl]-3,3,4,4,5,5-hexa?uoro-l-cyclopen 
tene, 2,3-Bis(2,4,5-trimethyl-3-thienyl)maleic anhydride, 
and 2,3-Bis(2,4,5-trimethyl-3-thienyl)maleimide. 
[0074] Examples of photo-bleachable dye compositions 
may include dyes With electron donors With polymer matri 
ces. It is preferable that these compositions be coated 
adjacent to the optical data layer rather than be doped into 
the polycarbonate substrate. In certain embodiments, the 
compositions may include one or more of xanthene, 
thioZine, or oxaZine dyes such as methylene blue, toluidine 
blue, erythrosine B, and eosin Y. Examples of electron 
donors include organic amines such as triethanol amine, 
n-phenylglycine, borate salts such as triphenyl-n-butyl 
borate n-butyrylcholine. Examples of polymer matrices may 
include, but are not limited to, one or more of polyacrylates 
such as oligomeric methyl methacrylates, such as Elvacite® 
2008, poly(methyl methacrylate)s and/or ammonio meth 
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acrylates, such as EUDRAGIT®, poly(alkyl acrylate)s, such 
as poly(methyl acrylate), poly(alkacrylate)s, poly(alkyl 
alkacrylate)s, such as poly(ethyl methacrylate) and the like, 
poly(vinyl alcohol) and/or oligomeric vinyl alcohols, poly 
vinylpyrrolidone, polyvinyl acetate, polystyrene, polyhy 
droxy styrene, and the like, and combinations or copolymers 
thereof. 

[0075] In another exemplary embodiment, a magneto 
optic material is disposed over a portion or the entire surface 
of the optical article to make the optical article unreadable 
in the pre-activated state. Subsequently, the optical article is 
subjected to a combination of electromagnetic radiation and 
a magnetic ?eld to locally heat areas having the magneto 
optic material past the Curie point to render the optical 
article readable. 

[0076] In an exemplary embodiment, a magneto-optical 
layer may be disposed at the surface of the optical article. 
This magneto-optical layer is polarized so as to distort the 
re?ected signal from the incident laser to make the optical 
article un-readable in the pre-activated state. Subsequently, 
during authorization, the layer is de-polarized by applying 
magnetic ?elds. Alternatively, the optical article may include 
a ferro-magnetic thin ?lm disposed thereon. The optical 
article may be readable upon interacting With a magnetic 
?eld. For example, magnetic nanoparticles may be distrib 
uted throughout the optical article and locked or con?ned in 
their positions in the pre-activated state. Subsequently, upon 
activation, all the magnetic nanoparticles may be directed to 
a particular location, for example, around the inner hub of 
the optical article to make the optical article readable. 

[0077] Further, patterns, such as patches or stripes having 
birefringence properties may be disposed on the optical 
article. These patterns may be reset by exposure to radial 
magnetic ?eld, thereby making the optical article readable. 
Alternatively, a metal oxide layer is disposed on the optical 
article. The metal oxide (MO) layer is not aligned or 
partially aligned in the pre-activated state of the optical 
article. That is, the magnetic ?eld of the MO layer is random. 
In the activated state, the MO layer is aligned by, e.g., 
applying a magnetic ?eld. Additionally, nanoparticles may 
be employed in the MO layer to generate heat via eddy 
currents. It should be appreciated that application of an 
electric ?eld While heating facilitates alignment of the MO 
layer, thereby making the optical article readable. 

[0078] In a mechanical arrangement, the convertible ele 
ment may include a material, such as a polymer bead, may 
be employed around the inner hub of the optical article. In 
certain embodiments, this material may Weld the optical 
article to the packaging unless disabled at the point-of-sale 
location. 

[0079] In another embodiment, the convertible element of 
the optical article includes a release liner that is undercoated 
With an uncured monomer layer that has a refractive index 
matching to that of the optical article. In this embodiment, 
the convertible element may be disposed Within the substrate 
of the optical article. The optical article may contain engi 
neered marks, such as scratches, on the surface, Which may 
be cured or ?lled upon interaction of the optical article With 
the external stimulus. For example, the monomer in the 
convertible element may ?ll in the marks. The release liner 
is subsequently cured While authorizing the optical article, 
for example, at the point-of-sale location. HoWever, if left 
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uncured, the release liner pulls off the monomer back from 
marks, thereby leaving the optical article unreadable. Alter 
natively, a substance adapted to etch the optical article if left 
uncured may be employed in the release liner. 

[0080] In embodiments of the invention, the optical 
article, such as an optical storage medium may be disposed 
in a packaging. The packaging may be modi?ed to alloW an 
external stimulus to be directed toWard the material of the 
convertible element. For example, the external stimulus may 
be directed toWard the convertible material to be bleached 
by employing a WindoW that is transparent to the external 
stimulus, While the rest of the portion of the packaging may 
be semitransparent or opaque to the external stimulus. 
Alternatively, the Whole portion of the packaging may be 
transparent to the external stimulus. By employing the 
modi?ed packaging, the optical article may be authorized at 
the point of authorization, such as a point-of-sale, or an 
issuance counter of a store. This Way the authorization 
process may be performed While maintaining the optical 
article in the packaging, thereby making the authorization 
process more ef?cient and time saving. 

[0081] Referring noW to FIG. 1, the optical storage 
medium 10 includes a data storage region 12 and an inner 
hub 14. The data storage region 12 includes an optical data 
layer 20 (FIG. 2), Which stores the data, Whereas the inner 
hub 14 is the non-data storage region of the optical storage 
medium 10. The optical storage medium 10 has a convert 
ible element disposed on the data storage region 12 in the 
form of a ?lm 16 in the pre-activated state of the optical 
storage medium 10. The ?lm 16 includes a convertible 
material, such as a bleachable dye. The convertible material 
may interact With an external stimulus, such as radiation of 
a predetermined Wavelength range. The optical storage 
medium 10 upon interaction With the external stimulus 
undergoes an optical state change, Whereby a property or 
characteristic of the convertible material is altered, thereby 
changing the state of functionality of the optical storage 
medium 10. For example, in the pre-activated state of the 
optical storage medium 10, the convertible material of the 
?lm 16 may be opaque to the incident laser that is used to 
read the optical storage medium 10. That is, in the pre 
activated state the convertible material may inhibit the 
incident laser from reaching the optical data layer 20, 
Whereas after interacting With the external stimulus the 
convertible material may become transparent to the Wave 
length of the incident laser. As noted above, this change in 
the optical state may be caused by chemical changes Within 
the convertible material, Which are caused by exposure to 
the external stimulus. The ?lm 16 may cover at least a 
portion of the optical storage medium 16. In the pre 
activated state, the optical storage medium 16 may be 
unplayable or unreadable at least in the portions Where the 
?lm 16 is disposed. In other Words, the optical storage 
medium 16 has a re?ectivity of less than about 45 percent, 
or preferably less than about 20 percent, or more preferably 
less than 10 percent in the portions Where the ?lm 16 is 
disposed. 

[0082] FIG. 2 illustrates a cross-sectional side vieW of the 
optical storage medium 10 of FIG. 1. In a simpli?ed illus 
tration of the optical storage medium 10, the optical storage 
medium 10 includes an optical data layer 20 disposed on a 
substrate 22. The substrate 22 may include a polycarbonate 
material. The substrate 22 may include a convertible mate 
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rial, such as the convertible material of the ?lm 16. The 
optical data layer 20 is protected by employing a capping 
layer 24. It should be appreciated that the capping layer 24 
is transparent to the Wavelength of the incident laser, Which 
is used to read the data stored in the optical article 10. The 
capping layer 24 may prevent the optical data layer from 
exposure to environmental elements, such as air, oxygen, 
moisture, Which may react With the optical data layer and 
cause any undesired changes, such as oxidation of the 
optical data layer. Also, the capping layer 24 may prevent 
mechanical damages to the surface of the optical data layer 
20. For example, the capping layer may be scratch resistant. 
Further, the optical storage medium 10 includes the ?lm 16 
of the convertible material, Which is disposed on the capping 
layer 24. 

[0083] FIG. 3 illustrates an optical storage medium 26 
having a convertible material disposed thereon in discrete 
portions 28 in the pre-activated state of the optical storage 
medium 26. The portions 28 are disposed in the data storage 
region 30 surrounding the inner hub 32. The optical storage 
medium 26 may have an optical re?ectivity of less than 45 
percent in these portions 28. Therefore, the optical storage 
medium 26 may not be readable in these portions 28. In 
some embodiments, feWer than all of the discrete portions 28 
may include convertible material. In these embodiments, the 
portions having the convertible material are made to interact 
With the external stimulus to change the state of function 
ality of the optical storage medium 26. 

[0084] Turning noW to FIG. 4, a simpli?ed structure of an 
optical article, such as an identi?cation (ID) card 34 is 
illustrated. As With the optical storage media 10 and 26, the 
ID card 34 includes an optical data layer 36 for storing data. 
The ID card 34 further includes a substrate 38 on Which the 
optical data layer 36 is disposed. The substrate 38 may 
include a polycarbonate material. In an exemplary embodi 
ment, the substrate 38 may include the convertible material 
that may change an optical property upon interaction With 
the external stimulus, thereby changing the state of func 
tionality of the card 34. The optical data layer 36 is protected 
by a capping layer 40. As With the substrate 38, the capping 
layer 40 may also include a polycarbonate material. As noted 
above With regard to the capping layer 24, the capping layer 
40 may be used to protect the optical data layer 36 from 
chemical and/or mechanical damages. The ID card 34 
includes a convertible material disposed on the surface 41 of 
the capping layer 40 in the form of a ?lm 42. In the 
pre-activated state, the ?lm 42 may prohibit the incident 
laser from reaching to the optical data layer 36 and reading 
the data stored therein. HoWever, after interaction With the 
external stimulus, the ?lm 42 may alloW an incident laser to 
pass through and reach the optical data layer 36, thereby 
alloWing the reader to read the data stored in the optical data 
layer 36 of the card 34. The ID card 34 may be exposed to 
the external stimulus before issuing the ID card 34 to the 
concerned authority, thereby rendering the data in the optical 
data layer 36 readable by the incident laser. By protecting 
the data in this manner before issuance of the ID card 34 to 
the concerned authority, the undesirable use of the card may 
be prevented in the event the card is stolen from the store 
Where the card Was stored prior to issuance. The ?lm 42 may 
be disposed in different forms on the surface of the capping 
layer 40. For example, the ?lm 42 may extend across a 
portion of the capping layer 40, or may form a patterned 
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layer extending across a portion of the capping layer 40, or 
may form a continuous ?lm, such as ?lm 42, on the capping 
layer 40. 

[0085] As described With regard to FIGS. 1-4, the con 
vertible element renders the optical article completely or 
partially unreadable in the pre-activated state of the func 
tionality by changing the re?ectivity of the optical article at 
certain locations. In the activated state of functionality of the 
optical article, the properties of the convertible element are 
changed from those in the pre-activated state by interacting 
the optical article With the external stimulus, as Will be 
described beloW. Therefore, the optical article is ineffective 
in the pre-activated state. 

[0086] FIG. 5 illustrates a method of changing the state of 
functionality of an optical article, such as an optical storage 
medium 46. Although the illustrated embodiment of FIG. 5 
is represented With regard to the optical storage medium 46, 
the method may be employed to change the functionality of 
other optical articles, such as an ID card, a payment card, a 
personal information card, and the like. As illustrated, the 
external stimulus 44 interacts With the convertible element 
disposed in discrete portions 48 of the optical storage 
medium 46. The external stimulus 44 may be, for example, 
a laser, infrared radiation, a thermal energy, infrared rays, 
X-rays, gamma rays, microWaves, visible light, ultra violet 
light, ultrasound Waves, radio frequency Waves, micro 
Waves, electrical energy, chemical energy, magnetic energy, 
mechanical energy, or combinations thereof. The optical 
storage medium 46 includes a data storage region 50 and an 
inner hub 52. 

[0087] The optical properties of the convertible material 
are altered upon interaction With the external stimulus 44, 
thereby increasing the optical re?ectivity of the optical 
article for the incident laser in the portions 48, to make the 
optical storage medium 46 transparent to the incident laser 
the portions 48. In some embodiments, the external stimulus 
44 may be generated by an excitation source (not shoWn) 
that may generate radiation in a predetermined Wavelength 
range. 

[0088] FIG. 6 illustrates an optical article, such as an 
optical storage medium 54, having a data storage region 56 
and an inner hub 58. The optical storage medium 54 includes 
a convertible material disposed in discrete portions 60 on the 
optical storage medium 54. The optical storage medium 54 
is stored inside a packaging 62. The packaging 62 may direct 
an external stimulus toWards the portion 60 through a 
WindoW 64 that is aligned With at least a portion of the 
convertible material. In the illustrated embodiment, the rest 
of the area 66 of the packaging 62, other than the WindoW 
64, may not be transparent to the external stimulus, and 
therefore may not participate in directing the external stimu 
lus 44 from outside the packaging 62 toWard the portions 60. 

[0089] FIG. 7 illustrates a method of changing a function 
ality of an optical article, such as optical storage medium 68. 
The method may be applied for other optical articles, such 
as an ID card, a payment card, a personal information card, 
and the like. As illustrated, the optical storage medium 68 
includes a data storage region 72 having a convertible 
element disposed in discrete portions 70. The optical storage 
medium 68 also has an inner hub 74. When inserted in an 
optical reader 76 prior to directing an external stimulus on 
it (pre-activated state), the optical storage medium 68 does 
























