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ABSTRACT 

Light sensitive materials applied in shipping materials, 
including security seals and tear tape, for authentication, 
discrimination and recognition of items. 
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PRODUCT PACKAGING INCLUDING DIGITAL 
DATA 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 11/006,336, filed Dec. 7, 2004, which is 
a continuation of U.S. patent application Ser. No. 10/262, 
816, filed Oct. 2, 2002, which is a continuation-in-part 
application of U.S. patent application Ser. No. 09/608,886, 
filed Jun. 30, 2000. This application also claims benefit of 
U.S. Provisional Application No. 60/362,706, filed October 
2001; the disclosures of such applications are incorporated 
by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention generally relates to systems for 
authenticating articles, methods for authenticating articles, 
and processes for marking articles for later authentication. 
The present invention more particularly relates to the use of 
light sensitive materials in shipping materials, including 
security seals and tear tape, for authentication, discrimina 
tion and recognition of items. 
0004 2. Description of the Related Art 
0005 Product diversion and counterfeiting of goods is a 
major problem. Counterfeiting entails the manufacture of a 
product that is intended to deceive another as to the true 
source of the product. Product diversion occurs when a 
person acquires genuine, non-counterfeit goods that are 
targeted for one market and sells them in a different market. 
A diverter typically benefits by selling a product in a limited 
Supply market designed by the product’s manufacturer. 
There may be high pecuniary advantages to counterfeiting 
and diverting genuine goods. Such monetary gains motivate 
charlatans to invest large Sums of money and resources to 
defeat anti-counterfeiting and diversion methods. 

0006 Numerous methods have been proposed in the art 
to prevent counterfeiting and diversion of products. Typi 
cally Such methods employ a step of marking the product 
with a substance not readily observable in visible light. In 
one type of anti-counterfeit and anti-diversion measure, an 
ultraviolet (UV) material is used to mark the product with an 
identifying indicia. Most UV materials are typically not 
visible when illuminated with light in the visible spectrum 
(380-770 nm), but are visible when illuminated with light in 
the UV spectrum (200-380 nm). U.S. Pat. No. 5,569,317 
discloses several UV materials that can be used to mark 
products that become visible when illuminated with UV 
light having a wavelength of 254 nm. 

0007. In another type of anti-counterfeit and anti-diver 
sion measure, an infrared (IR) material is used to mark the 
product. As with the UV ink, one benefit of using the IR 
materials is that it is typically not visible when illuminated 
with light in the visible spectrum. IR materials are visible 
when illuminated with light in the IR spectrum (800-1600 
nm). An additional benefit of using an IR material is that it 
is more difficult to reproduce or procure the matching IR 
material by studying a product sample containing the IR 
security mark. Examples of IR security mark usage are given 
in U.S. Pat. No. 5,611,958 and U.S. Pat. No. 5,766,324. 
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0008 Security may be improved by making authentica 
tion marks more difficult to detect and interpret, by incor 
porating greater complexity into the markings, and by mak 
ing replication of the mark by a counterfeiter more difficult. 
Combining multiple kinds of marking indicia can further 
increase the complexity of detection, interpretation and 
replication. 
0009 For example, the use of security marks containing 
IR and UV materials has seen increased use. However, as 
this use has increased, counterfeiters have become corre 
spondingly knowledgeable about their application on prod 
ucts. It is common practice for counterfeiters to examine 
products for UV and IR marks and to reproduce or procure 
the same materials, and apply the materials on the counter 
feit products in the same position. In U.S. Pat. No. 5,360.628 
and U.S. Pat. No. 5,599,578, the disclosures of both of 
which are incorporated by reference herein, a security mark 
comprising a visible component and an invisible component 
made up of a combination of a UV dye and a biologic 
marker, or a combination of an IR dye and a biologic marker 
is proposed. 
0010. The use of fluorescent and phosphorescent mate 
rials have also been proposed for marking materials. U.S. 
Pat. No. 5,698.397 discloses a security mark containing two 
different types of up-converting phosphors. U.S. Pat. No. 
4,146,792 to Stenzel et al. discloses authentication methods 
that may include use of fluorescing rare-earth elements in 
marking the goods. Other authentication methods use Sub 
stances which fluoresce in the infrared portion of the elec 
tromagnetic spectrum when illuminated in the visible spec 
trum range (See, e.g., U.S. Pat. No. 6,373.965). 
0011 Non-chemical methods for authenticating items 
and preventing diversion of items are also known. For 
example, U.S. Pat. No. 6,162,550 discloses a method for 
detecting the presence of articles comprising applying a 
tagging material in the form of a pressure sensitive tape 
having a first Surface coated with pressure sensitive adhesive 
composition and a second Surface opposite the first Surface 
coated with a release agent, the tape including a continuous 
Substrate of synthetic plastics material and a continuous 
electromagnetic sensor material capable of being detected 
by detection equipment. The tagging material can be 
detected by an interrogation field directed to determining 
magnetic changes. 
0012 Authentication marks comprising tagging material 
are typically applied to the article of commerce itself. 
However, authentication marks on the article of commerce 
are not useful when the article is covered by packaging 
material and a quick determination of counterfeiting or 
diversion is desired to be made. It is known, therefore, in the 
art to also provide tags on the packaging of a product (See, 
e.g. U.S. Pat. No. 6,162,550). 
0013 Authentication marks may be applied by any of the 
methods currently used in manufacturing and distribution 
plants to code product for identification, to date code product 
for freshness, to produce batch markings which allow prod 
uct to be traced, to sequentially number products such as 
newspapers caring lottery-style games, and to code product, 
Such as mail, for ultimate destination. A leader in Such 
coding technology is Domino Printing Sciences PLC (Bar 
Hill Cambridge CB3 8TU UK). Predominant methods for 
coding include: continuous inkjet printing, binary printing 
and laser printing. 
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0014 Continuous inkjet printing is a non-contact method 
of printing variable information that works by spraying an 
ink onto a surface as it travels underneath a printhead. Ink 
in the print head is typically supplied under pressure to a 
drop generator which contains a drive rod which creates 
ultrasonic pressure waves in the ink, making the jet break up 
into a stream of separate drops shortly after it exits through 
a small nozzle. Each drop is given an electrostatic charge by 
putting a Voltage onto a charge electrode as the drop breaks 
off. As the drop drops it conventionally passes through an 
electrostatic field set up between two high voltage deflector 
plates. 
00.15 Binary printing is similar to that of inkjet printing 
in that tiny drops of ink are deflected in flight by an 
electrostatic field. It differs, however, from inkjet printing in 
the use of the Voltage on the print drop and the Subsequent 
deflection of that drop. The ink drops that are not used for 
printing are charged and are deflected into the gutter. The 
uncharged drops which are not deflected by the high Voltage 
field are used to print on the Substrate. Because uncharged 
drops are used for printing optimum print quality and speed 
can be achieved. 

0016 Laser printing typically involves either vaporiza 
tion of the Surface material at which it is directed (e.g., 
removal of ink from paper), distinct Surface changes (e.g., 
deformations in glass and PET), or thermal decomposition 
causing a material in the product to change color. Lasers 
produce coherent, monochromatic radiation that is capable 
of delivering large amounts of energy in a small area. Most 
conventional lasers work by exciting gas with RF energy, the 
gas being contained in a sealed tube mounted with mirrors 
at each end. When the gas molecules are excited sufficiently, 
a photon is spontaneously emitted. The photon is amplified 
as it stimulates more photon emissions while it moves along 
the tube. The photons bounce along the tube between one 
mirror which is fully reflective and the other which is 
partially transmissive. When a critical mass is reached, a 
pulse of heat radiation is emitted to the form of a laser beam 
which is focused via lenses to produce precise marking 
energy. 

0017 Security and anti-counterfeit coding on relatively 
expensive items, in particular luxury perfume, cosmetics, 
tobacco products, and pharmaceutical products, is known. 
Such coding is useful for the traceability of products and 
identification of the same. 

0018. However, such coding is typically not unique to the 
particular item within the general product class. The latter is 
probably largely due to the slow speed at which a production 
line would have to operate to mark in a unique fashion each 
item, in particular given the current technologies for mark 
ing. As such coding is typically not unique to the item, and 
as experience has shown that generic invisible marks are 
often detected by counterfeiters and diverters and are easily 
duplicated on other items within the general product class, 
there is a great need for an improved method of identifying 
goods that are either counterfeit or diverted. 

DEFINITIONS 

0.019 “Authentication Material' refers to a material used 
to authenticate, identify or protect an optical medium. The 
data recorded on an optical medium, for example, software, 
Video or audio files, are not authentication material. 
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0020 “Light-Changeable Material: a material that 
absorbs, reflects, emits or otherwise alters electromagnetic 
radiation directed at the same. By “light-changeable com 
pound it is meant to include, without limitation, “light 
sensitive”, “light-emissive” and “light-absorbing com 
pounds, as defined below. 
0021 “Light-Absorbing Materials: materials that absorb 
light in response to irradiation with light. Light absorption 
can be the result of any chemical reaction known to those of 
skill in the art. 

0022 “Light-Emissive material: a material that emits 
light in response to excitation with light. Light emission can 
be a result of phosphorescence, chemiluminescence, or 
fluorescence. By the term “light-emissive compounds, it is 
meant to include compounds that have one or more of the 
following properties: 1) they are a fluorescent, phosphores 
cent, or luminescent; 2) react, or interact, with components 
of the sample or the standard or both to yield at least one 
fluorescent, phosphorescent, or luminescent compound; or 
3) react, or interact, with at least one fluorescent, phospho 
rescent, or luminescent compound to alter emission at the 
emission wavelength. 
0023 “Light-Sensitive Material’: a material capable of 
being activated so as to change in a physically measurable 
manner, upon exposure to one or more wavelengths of light. 
0024 “Optical State Change Security Material: refers to 
an inorganic or organic that changes optical state from a first 
optical state to a second optical state upon exposure to a 
defined wavelength of light. 
0025 “Recording Dye' refers to a chemical compound 
that may be used with an optical recording medium to record 
digital data on the recording layer. 
0026 “Re-read: reading a portion of data after it has 
been initially read. 
0027) “Reversible Light-Sensitive Material: a light-sen 
sitive material is said to be reversible when the activated 
change returns to the initial state due to the passage of time 
or change in ambient condition. 
0028 “Temporary Material: refers to a material that is 
detectable for a limited amount of time or a limited number 
of readings. 
0029) “Transient Optical State Change Security Mate 
rial: refers to an Optical State Change Security material that 
transiently changes optical state between a first optical State 
and a second optical state, and the second optical state 
spontaneously reverting back to said first optical state after 
a period of time. 
0030. For the purpose of the rest of the disclosure it is 
understood that the terms as defined above are intended 
whether Such terms are in all initial cap, or not. 

SUMMARY OF THE INVENTION 

0031. The present invention provides for systems for 
authenticating articles, methods for authenticating articles, 
and processes for marking articles for later authentication. 
The present invention more particularly relates to the use of 
light sensitive materials in shipping materials, including 
security seals and tear tape, for authentication, discrimina 
tion and recognition of items. 
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0032 Currently digital content can be written onto many 
types of optical media. For example, write once read many 
time optical discs (WORM). Write-able optical media 
allows a large amount of data to be digitized onto a very 
Small space. Contents of movies, Sound tracks, recordings, 
Software and video games can be compressed onto optical 
media for play back with high fidelity in real time. Today, it 
is possible for recording lasers to make simple laser based 
digital copies of binary information onto dye based clear 
recording media. 

0033. Many writeable optical media that are available 
today employ light-sensitive materials, in particular light 
sensitive recording dyes that are sensitive to a laser write 
beam. Light-sensitive materials used in presently available 
writeable optical media typically change in optical State 
when exposed to the laser write beam in a manner that can 
be detected by a optical reader of the media. Digital data is 
therefore represented by optical deformations on the optical 
media formed by activation of the light-sensitive materials 
with the laser write beam. Light-sensitive materials 
employed on writeable optical media change optical state 
quickly upon exposure to the laser write beam, and are 
generally stable under conditions in which optical media are 
typically used and stored. 
0034 Recognizing the problems associated with apply 
ing unique identifiers to products in production lines, the 
present inventors have proposed using many of the light 
sensitive materials used in writeable optical media, in par 
ticular light-sensitive recording dyes, on/in non-optical 
media products, or the packaging materials Surrounding 
Such products, to permit the rapid writing of unique identi 
fication information with respect to each item in a product 
class. The present inventors propose that Such materials may 
be used to significantly enhance 'generic' authentication 
techniques. 

0035) Security may be further enhanced by incorporating 
transient optical state change materials onto/into the pack 
aging. Such transient optical state change materials may or 
may not be light emissive compounds. Such materials may 
be placed in specific locations with respect to the packaging 
material, and preferably are positioned so as to represent 
digital data that may be authenticated by Software means. 
Transient optical state change security materials, and in 
particular transient optical state change recording dyes, are 
particularly useful in authentication/anti-diversion in that 
not only the presence of the optical state change is indicative 
of whether the item is authenticate, but also the time 
necessary for the optical state to revert to the un-activated 
State. 

0036). In an advantageous embodiment, there is disclosed 
light-sensitive materials incorporated into tear tape associ 
ated with a product. As would be understood by one of 
ordinary skill in the art, a tear tape is a continuous tape 
provided of base materials in which a pressure sensitive 
adhesive can be added to in one mode and an additional 
mode a safety device (Such as a rare earth material as in the 
case of technology disclosed by PP Payne LTD) or a 
hologram (as explained in JP7056512A2) can be added. The 
tear tape can help a consumer open a package, it may 
provide safety information, a serial number, production 
location date and potentially other security features, as 
mentioned. A tear tape is adhered to the Surface of packaging 
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material in a manner Such that, in use, an end of the tear tape 
can be pulled so as to tear the packaging material underlying 
the tear tape to allow access to the contents. Tear tapes are 
effective in opening various types of consumer packaging, 
especially those formed from packaging material using 
non-hermetic wrapping techniques such as roll wrapping 
and standard envelope wrapping. 
0037. The tear tape embodiment incorporates light-sen 
sitive material that acts like Such materials when placed in 
optical medium, that is allowing data to be written thereon 
using a laser as the materials can be rapidly altered by the 
writing beam, information unique to a product can be 
incorporated onto the tear tape very rapidly. As the tape can 
be fed from a bulk Supply in a manner Such that the tape is 
uniformly positioned from the writer laser (without the need 
for the laser to change position owing to the dimensions of 
the package to be coded), and can be uniformly passed by 
the writer laser, extremely fast package coding is effectuated 
as unseen in the prior art. 

DESCRIPTION OF DRAWINGS 

0038 FIG. 1 is a schematic of a method to incorporate 
digital data onto tear tape and its application to mark 
packages. 

DETAILED DESCRIPTION 

0039 The present invention discloses placing light-sen 
sitive material on product or packaging medium (e.g., the 
tear tape) in order to provide, for example, identification, 
verification, an access code or additional data. 
0040. In one embodiment, the light-sensitive material is 
applied to the packaging medium and provided desired 
information, as explained in connection with the application 
of the light sensitive material to other media in co-pending 
U.S. patent application Ser. Nos. 09/232,324, 09/608,886, 
09/631,585, 09/821,577, 09/739,090, each of which is 
hereby incorporated by reference. 
0041. The light-sensitive compound may be deposited in 
or on the packaging medium, Such as cases, cartons, wrap 
pers, labels, shipping cartons, etc., in order to identify the 
product and/or package or Supply information about it. A 
number of different materials having different characteristics 
may be used on the packaging medium to provide a more 
Sophisticated coding technique. 

0042. As shown in FIG. 1, in one embodiment, a base 
material 12 from bulk supply 10 is coated with a light 
sensitive material 16, advantageously a transient optical 
state change recording dye, which is overcoated with an 
adhesive layer 8 to make a tear tape 2 having light-sensitive 
material therein. Tear-tape, comprising base layer 14, adhe 
sive, is exposed to laser writer 16 to incorporate digital data 
into the light-sensitive material layer 14 forming coded layer 
6. The digital data tear-tape 18 is then applied to the package 
22 of a packaged item 20, for example at a position on the 
package such as nearby perforations 24. Such as to provide 
easy opening of package 22. Alternatively, as would be 
understood by one of ordinary skill in the art, digital content 
can be coded into the packaging materials by selectively 
imprinting/imbuing the tear tape with the light sensitive 
material. The tear-tape embodiment would allow a producer 
to code each package with a unique code for each package, 
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while demonstrating to the customer package integrity. At 
the same time, the light-sensitive material technology could 
include digital content light-sensitive material with a tran 
sient phase change that allows for security features to be 
built into the digital content layer(s). 

0043. It is preferred that the light-sensitive material 
employed be a light-changeable material that is sensitive to 
the wavelength of the writer light source that is to be 
employed. Preferably the material is an optical state change 
security material. Given the difficulty in reproducing its 
effect, a more preferred embodiment comprises a transient 
optical state change security material. When Such materials 
are employed, authenticity may be adjudged not only by 
detection of an optical state change at pre-determined loca 
tions, but also by assuring that any state change detected is 
capable of occurring within in pre-determined time frames 
characteristic for the transient optical state change security 
material that is supposed to be on the authenticate product. 
0044 Currently, packaging lines purchase bobbins of 
pressure sensitive tear tape. The tear tape could contain 
holograms or generic security features that are not change 
able for each package. In one embodiment, the pressure 
sensitive tear tape has the same dye used in optical media 
recordings (see, U.S. patent application Ser. Nos. 09/608, 
886, 09/631,585.) mixed into the adhesive layer before 
being placed onto the bobbin. As the bobbin unwinds at the 
packaging plant, a read laser places package specific code 
unique to each package as the package is being wrapped. 
This allows for the complete track and trace of each pack 
age. Such as a cigarette package. Today, cigarette lines have 
pressure sensitive tear tape that have security features, but 
individual laser codes must be applied by a separate laser 
coded later in the production line. Additionally, these codes 
are easy to copy with nearly any laser coder on the market 
able to copy the codes. Therefore, the current laser codes are 
only able to provide tracking information in a secure envi 
rOnment. 

0045 Examples of suitable dyes for application to pack 
age media will now be described. However, other suitable 
dyes as would be understood by one of ordinary skill in the 
art may also be employed as the present invention is not 
limited in this respect. 

0046) Dye DOTC Iodide (Exciton) could be mixed with 
spray adhesive (0.037%-124% w/v) onto pressure sensitive 
tear tape materials. Tear tape is further split by knife cutters 
and placed onto a spool. A read/write laser (CDR) is placed 
against the dye side and digital content is written onto the 
blank tape as the spool is unwound and before the tear tape 
is wrapped around the package. The digital content length is 
from 0.6 LM to several centimeters in length, depending on 
the size of the digital content being recorded. A tear tape may 
be of any length, for example 15 cm. The compression of the 
digital content allows for the entire code to be visible across 
the front of the package without alignment or registration of 
the code. The code is then read using a digital reader (bar 
code scanner). In another embodiment the reader could be a 
digital reader such as the one available in DVD/CD reader. 
0047 A wide variety of light sensitive compounds may 
be used with the present invention including any compounds 
that emit or are excited by light having a wavelength of 
about 300-1100 mn. Groups from which the light sensitive 
compounds may be chosen include, but are not limited to, 
inorganic pigments, organic dyes, photochromic dyes, pho 
tochromic dyes cross linked with various polymers, photo 
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chromic dyes encapsulated in polymers and thermally stable 
near infrared fluorophoric compounds copolymerized with 
an ester linkage. 
0048 For example, inks of the present invention may be 
water dissipatable polyesters and amides such as the dyes 
disclosed in U.S. Pat. Nos. 5,292,855, 5,336,714, 5,614,008 
and 5,665,151, each of which is hereby incorporated by 
reference herein. 

0049. It is preferred that the near infrared fluorescent 
compounds are selected from the phthalocyanines, the naph 
thalocyanines and the squarines (derivatives of squaric acid) 
that correspond respectively to the structures shown in 
FIGS. 1, 2 and 3 of U.S. Pat. No. 6,432,715, which is hereby 
incorporated by reference. In these structures, Pc and Nc 
represent the phthalocyanines and naphthalocyanine moi 
eties, covalently bonded to hydrogen or to the various 
metals, halometals, organometallic groups and oxymetals 
disclosed therein. It is preferred that the structures include at 
least one polyester reactive group to allow the compound to 
be incorporated into a polymeric composition and to be 
bound by covalent bonds. 
0050. The ink of the invention may also include photo 
chromic dyes such as photochromic dye incorporated into a 
polymeric composition and photochromic dyes encapsulated 
to form microcapsules such as described in U.S. Pat. No. 
5,807,625, hereby incorporated by reference herein. Prefer 
ably, these photochromic dyes are from four classes: 

0051 (i) spiro-indolino-naphthoxazines. 
OO52 ii) fulgides which are derivatives of bis-meth 9. 
ylene Succinic anhydride 

0053 (iii) fulgimides which are derivatives of bis 
methylene Succinic imide where the imide nitrogen 
may be substituted by allyl, aryl or aralkyl; and 

0054 (iv) spiro (1.8a)-dihydroindolizines. 

0055. The light-sensitive materials of the present inven 
tion may also include microbead labeled with organic/ 
inorganic dye such as described in U.S. Pat. No. 5,450,190, 
hereby incorporated by reference herein. 
0056. Also usefil as light sensitive materials with the 
present invention are the dyes or dye combinations 
described in U.S. Pat. No. 5.286.286, hereby incorporated 
by reference herein. These may include: 

0057 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetra-p-tosylate salt; 

0.058 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetrachloride salt: 

0059) 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetrabromide salt; 

0060 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetra-acetate salt; 

0061 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetra-perchlorate salt; 

0062 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetrafluoroborate salt; 

0063 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetra-perchlorate salt; 
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0064 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetrafluoroborate salt; 

0065 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetra-perchlorate salt; 

0066 5,10,15,20-tetrakis-(1-methyl-4-pyridyl)-21H, 
23H-porphine tetra-triflate salt; 

0067 5,10,15,20-tetrakis-(1-hydroxymethyl-4-py 
ridyl)-21H,23H-porphine tetra-p-tosylate salt; 

0068 5,10,15,20-tetrakis-1-(2-hydroxyethyl)-4-py 
ridyl)-21H,23H-porphine tetrachloride salt; 

0069 5,10,15,20-tetrakis-1-(3-hydroxypropyl)-4-py 
ridyl-21H,23H-porphine tetra-p-tosylate salt; 

0070) 5,10,15,20-tetrakis-1-(2-hydroxypropyl)-4-py 
ridyl-21H,23H-porphine tetra-p-tosylate salt; 

0071 5,10,15,20-tetrakis-1-(-hydroxyethoxyethyl)-4- 
pyridyl-21H,23H-porphine tetra-p-tosylate salt; 

0072 5,10,15,20-tetrakis-1 (2-hydroxyethoxypropyl)- 
4-pyridyl-21H,23H-porphine tetra-p-tosylate salt; 

0073 5,10,15,20-tetrakis-4-(trimethylammonio)phe 
nyl-21H,23H-porphine tetra-p-tosylate salt; 

0074 5,10,15,20-tetrakis-4-(trimethylammonio)phe 
nyl-21H,23H-porphine tetrachloride salt; 

0075 5,10,15,20-tetrakis-4-(trimethylammonio)phe 
nyl-21H,23H-porphine tetrabromide salt; 

0.076 5,10,15,20-tetrakis-4-(trimethylammonio)phe 
nyl-21H,23H-porphine tetra-acetate salt; 

0077 5,10,15,20-tetrakis-4-(trimethylammonio)phe 
nyl-21H,23H-porphine tetra-perchlorate salt; 

0078 5,10,15,20-tetrakis-4-(trimethylammonio)phe 
nyl-21H,23H-porphine tetrafluoroborate-salt; 

0079 5,10,15,20-tetrakis-4-(trimethylammonio)phe 
nyl-21H,23H-porphine tetra-triflate salt; 

0080 meso-(N-methyl-X-pyridinium), (phenyl)4-n- 
21H,23H-porphine tetra-p-tosylate salt, where n is an 
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integer of value 0, 1, 2, or 3, and where X=4-(para),3- 
(meta), or 2-(ortho) and refers to the position of the 
nitrogen in the pyridinium Substituent, prepared as 
described, for example, by M. A. Sari et al. in Bio 
chemistry, 1990, 29, 4205 to 4215; 

0081 meso-tetrakis-o-(N-methylnicotinamido)phe 
nyl-21H,23H-porphine tetra-methyl sulfonate salt, 
prepared as described, for example, by G. M. Miskelly 
et al. in Inorganic Chemistry, 1988, 27, 3773 to 3781; 

0082 5,10,15,20-tetrakis-(2-sulfonatoethyl-4-py 
ridyl)-21H,23H-porphine chloride salt, prepared as 
described by S. Igarashi and T. Yotsuyanagi in Chem 
istry Letters, 1984, 1871; 

0083 5,10,15,20-tetrakis-(carboxymethyl-4-pyridyl)- 
21H,23H-porphine chloride salt 

0084 5,10,15,20-tetrakis-(carboxyethyl-4-pyridyl)- 
21H,23H-porphine chloride salt 

0085 5,10,15,20-tetrakis-(carboxyethyl-4-pyridyl)- 
21H,23H-porphine bromide salt 

0.086 5,10,15,20-tetrakis-(carboxylate-4-pyridyl)- 
21H,23H-porphine bromide salt, prepared as described 
by D. P. Arnold in Australian Journal of Chemistry, 
1989, 42, 2265 to 2274; 

0087 2,3,7,8,12,13,17, 18-octa-(2-hydroxyethyl)-21H 
23H-porphine; 

0088 2,3,7,8,12,13,17, 18-octa-(2-hydroxyethoxy 
ethyl)-21H-23H-porphine; 

0089 2,3,7,8,12,13,17, 18-octa(2-aminoethyl)-21H 
23H-porphine; 

0090 2,3,7,8,12,13,17, 18-octa-(2-hydroxyethoxypro 
pyl)-21H-23H-porphine, 

and the like, as well as mixtures thereof. 
0091 Also suitable for use with the present invention are 
dansyl dyes, including: 

dansyl-L-alanine dansyl-L-isoleucine N-dansyl-L-tryptophan 
dansyl-L-Y-amino- dansyl-L-leucine O-di-Dansyl-L-tyrosine 

n-butyric acid monocyclohexylammonium 
Salt 

a-dansyl-L- di-dansyl-L-lysine dansyl-L-valine 
arginine 
dansyl-L- N-e-dansyl-L-lysine dansyl-Y-amino-n 
asparagine butyric acid 

dansyl-L-aspartic dansyl-L-methionine dansyl-DL-a-amino-n 
acid butyric acid 

dansyl-L-cysteic dansyl-L-norvaline dansyl-DL-aspartic acid 
acid 

N,N'-di-dansyl-L- dansyl-L-phenylalanine dansyl-DL-glutamic acid 
cystine 

dansyl-L-glutamic dansyl-L-proline Dansylglycine 
acid 

dansyl-L-glutamine N-dansyl-L-serine dansyl-DL-leucine 
N-dansyl-trans-4- N-dansyl-L-threonine dansyl-DL-methionine 
hydroxy-L-proline 

dansyl-DL- dansyl-DL-a-aminocaprylic acid Didansylcadaverine 
norleucine cyclohexylamine salt 
dansyl-DL- (dansylaminoethyl) monodansylcadaverine 
norvaline trimethylammonium perchlorate 
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-continued 

dansyl-DL- N-dansyl-DL-serine Dansylputrescine 
phenylalanine 
dansylsarcosine N-dansyl-DL-threonine Dansylspermidine 
N-a-dansyl-DL- dansyl-DL-valine didansyl-1,4- 

tryptophan diaminobutane 
didansylhistamine didansy1-1,3-diamino-propane 

all available from Sigma Chemical Corp., St. Louis, Mo., 
and the like, as well as mixtures thereof. 
0092 Additional suitable light-sensitive materials 
include any dye or dye combination from rare earth metal 
chelates sold as LUMILUX C pigments by Hoechst 
Celanese Corp. in Reidel de-Haen, Germany or those dis 
closed in U.S. Pat. No. 5,837,042, hereby incorporated by 
reference herein, or LUMILUX Red CD 331, Red CD 332, 
Red CD 335, Red CD 316, Red CD 339, Red CD 105, Red 
CD 106, Red CD 120 and Red CD 131. 
0093. Additional light sensitive compounds may also 
include an organic/inorganic pigment as described in U.S. 
Pat. No. 5,367,005, hereby incorporated by reference herein, 
or any dye or dye combination of phenoxazine derivatives as 
described in U.S. Pat. No. 4,540,595, hereby incorporated 
by reference herein. The general chemical formula of the 
phenoxazine dyes is shown in FIG. 6 in which R and Rare 
alkyl groups and X is an anion. 
0094. Additional light sensitive compounds of the 
present invention may be classified in one of the following 
four groups depending upon excitation and emission 
regions, as described in U.S. Pat. No. 4,598.205, hereby 
incorporated by reference. 

0.095 (a) Excitation UV-Emission UV 
0096) (b) Excitation UV-Emission IR 
0097 (c) Excitation IR-Emission UV 
0.098 (d) Excitation IR-Emission IR 

0099 Also useful with the present invention is any dye or 
dye combination of organic infrared fluorescing dye that is 
soluble in the ink vehicle disclosed in U.S. Pat. No. 5,093, 
147, hereby incorporated by reference. Such light sensitive 
compounds include: 

CAS 
Registry No. 

3071-70-3 DTTCI (3,3'-Diethylthiatricarbocyanine Iodide) 
DNTTCI (3,3'-Diethyl-9,11-neopentylenethiatricarbo 

cyanine Iodide) 

5-(2-Carbohydrizinomethyl-thioacetyl)- 
aminofluorescein 
5-(4,6-dichlorotriazinyl)-aminofluorescein 
Fluor-3-pentammonium salt 

3,6-diaminoacridine hemisulfate, proflavine 
hemisulfate 
Tetra (tetramethylammonium salt 
Acridine orange 

-continued 

CAS 
Registry No. 

231 78-67-8 HDITCI (1,1",3,3,3',3'-Hexamethyl-4,4,5,5'-dibenzo 
2,2'-indotricarbocyanine Iodide) 
(Hexadibenzocyanine 3) 
1H-Benzelindolium, 2-7-1,3-dihydro-1,1- 
dimethyl-3-(4-sulfobutyl)-2H-benzelindol-2- 
ylidene-1,3,5-hepatrienyl-1,1-dimethyl-3-(4- 
Sulfobutyl-, sodium salt 
(3,3'-Diethyl-4,4,5,5'-dibenzothiatricarbo 
cyanine Iodide) (Hexadibenzocyanine 45) 
Benzothiazolium, 5-chloro-22-3-5-chloro-3- 
ethyl-2(3H)-benzothiazolylidene-ethylidene-2- 
(diphenylamino)-1-cyclopenten-1-ylethyl-3- 
ethyl-, perchlorate. 
(1,1'-Diethyl-4,4'-dicarbocyanine Iodide) 
Naphtho2,3-dithiazolium, 2-2-2- 
(diphenylamino)-3-3-(4-methoxy-4- 
Oxobutyl)napthodthiazol-2(3H)-ylidene 
ethylidene-1-cyclopenten-1-yl)ethenyl3-(4- 
methoxy-oxobutyl)-, perchlorate 

3599-32-4 R-12S 

DDTTCI 

53655-17-7 IR-140 

DDCI-4 
62669-62-9 IR-132 

0.100 The following light sensitive compounds may also 
be useful with the present invention: 

0101 Sulfuric acid disodium salt mixture with 7-(di 
ethylamino)-4 methyl-2H-1-benzopyran-2-one 

0102 3',6'-bis(diethylamino)-spiro-(isobenzofuran 
1(3H).9'-(9H)xanthen)-3-one or 3',6'-bis(diethyl 
amino)-fluoran 

0.103 4-amino-N-2,4-xylyl-naphthalimide 

0.104 7-(diethylamino)-4-methyl-coumarin 

0105 14H anthra 2, 1.9-mnathioxanthen-14-one 
0106 N-butyl-4-(butylamino)-naphthalimide 

0.107. In addition, the following compounds may also be 
used as light sensitive compounds in the present invention: 

5-(and-6)-carboxy-2',7'-dichlorofluorescein 

5-(and-6)-carboxy-4',5'-dimethylfluorescein 
5-(and-6)-carboxy-2',7'-dichlorofluorescein 
diacetate 
Eosin-5-maleimide 

Eosin-5-Iodoacetamide 
Eosin Isothiocyanate 
5-Carboxy-2',4',5',7'- 
tetrabromosulfonefluorescein 
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-continued 

Fluoresceinamine Isomer I 
Fluoresceinamine Isomer II 
Sulfite blue 

Coumarin diacid cryptand 2.2.2 
Eosin Y 
Lucifier yellow CH Potassium salt 
Fluorescein isothiocyanate (Isomer I) 
Fluorescein isothiocyanate (Isomer II) 

Fura-Red, AM 
Fluo-3 AM 
Mito Tracker Green FM 
Rhodamine 
5-carboxyfluorescein 

Dextran Fluroscein 
Merocyanine 540 

Bis-(1,3-diethylthiobarbituric acid trimethine 
oxonol 
Fluorescent brightner 28 
Fluorescein sodium salt 

Pyrromethene 556 
Pyrromethene 567 
Pyrromethene 580 

Pyrromethene 597 
Pyrromethene 650 
Pyrromethene 546 
BODIPY 500,515 
Nile Red 
Cholesteryl BODIPY FL C12 

B-BODIPYFL C12-HPC 
BODIPY Type D-3835 
BODIPY 500,510 C5-HPC 
R-27 Aldrich 40,610-4 
R-140 Aldrich 26,093-2 

R-768 perchlorate Aldrich 42,745-4 
R-780 Iodide Aldrich 42,531-1 

R-780 perchlorate Aldrich 42-530-3 
R-786 Iodide Aldrich 42,413-7 
R-786 perchlorate Aldrich 40,711-9 
R-792 perchlorate Aldrich 42,598-2 
5-(and-6)-carboxyfluorescein diacetate 
6-caroxyfluorescein Sigma 
Fluorescein diacetate 
5-carboxyfluorescein diacetate 

Fluorescein dilaurate 
Fluorescein Di-b-D Galactopyranoside 

FluoresceinDi-p-Guanidinobenzoate 
indo I-AM 
6-caroxyfluorescein Diacetate 
Fluorescein thiosemicarbazide 
Fluorescein mercuric acetate 
Alcian Blue 
Bismarck Brown R 
Copper Phthalocyanine 
Cresyl Violet Acetate 
Indocyanine Green 
Methylene Blue 
Methyl Green, Zinc chloride salt Sigma 
Oil Red O 
Phenol Red Sigma 
Rosolic Acid 
Procion Brilliant Red 
Ponta Chrome Violet SW 
anus Green Sigma 
Toluidine Blue Sigma 
Orange G 

Eosin thiosemicarbazide 
Eosin Isothiocyanate Dextran 70S 
5-((((2-aminoethyl)thio)acetyl)amino) 
fluorescein 

5-((5-aminopentyl)thioureidyl)fluorescein 
6-carboxyfluorescein Succinimidyl ester 
5,5'-dithiobis-(2 nitrobenzoic acid) 
5-(and-6)-carboxyfluorescein Succinimidyl 
ester 

Fluorescein-5-EX, succinimidyl ester 
5-(and-6-)-carboxy SNARF-1 
Fura Red, Tetrapotassium salt 
Dextran fluorescien, MW 70000 
5-(and-6-)-carboxynaphthafluorescein 
mixed isomers 

Rhodol green, carboxylic acid Succinimidyl 
ester 
5-(and-6-)-carboxynaphthafluorescein SE 
mixed isomers 
5-carboxyfluorescein, SE single isomer 
5-(and-6)-carboxy-2',7'-dichlorofluorescein 
diacetate, SE 

5-(and-6)-carboxy-SNAFL-1, SE 
6-tetramethylrhodamine-5-and-6- 
carboxamido hexanoic acid, SE 

Styryl Dye (4-Di-1-ASP) 
Erythrosin-5-isothiocyanate 
Newport green, dipotassium salt 
Phen green dipotassium salt 
Bis-(1,3-dibutylbarbituric acid) trimethine 
oxonol 
Lucigenin(bis-N-methyl acridinium nitrate 
Tetrakis-(4-sulfophenyl)-porphine 
Tetrakis-(4-carboxyphenyl) porphine 
Anthracene-2,3-dicarboxaldehyde 
5-((5-aminopentyl)thioureidyl) eosin, 
hydrochloride 

N-(ethoxycarbonylmethyl)-6- 
methoxyquinolinium bromide 

MitoFluor green 
5-aminoeosin 
4'(aminomethyl)fluorescein, hydrochloride 
5-(aminomethyl)fluorescein, hydrochloride 
5-(aminoacetamido) fluorescein 
4'((aminoacetamido) methyl) fluorescein 
5-((2-(and-3)-S-acetylmercapto) 
Succinoyl)amino-fluorescein 

8-bromomethyl-4,4-difluoro-1,3,5,7- 
tetramethyl-4-bora-3a,4a,diaza-S-indacene 
5-(and-6)-carboxy eosin 
Cocchicine fluorescein 
Casein fluorescein 
3,3'-dipentylloxacarbocyanine iodide 
3,3'-dihexyloxacarbocyanine iodide 
3,3'-diheptyloxacarbocyanine iodide 
2'-7'-difluorofluorescein 
BODIPY FLAEBSF 
Fluorescein-5-maleimide 
5-iodoacetamidofluorescein 
6-iodoacetamidofluorescein 
Lysotracker green 
Rhodamine 110 
Arsenazo I 
Aresenazo III sodium 

Bismarck brown Y 
Brilliant Blue G 
Carmine 
b-caroteine 
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-continued 

Opaque Red Chlorophenol red 
Mercuric Oxide Yellow Azure A 
Basic Fuchsin Basic fuchsin 
Flazo Orange di-2-ANEPEQ 
Procion Brilliant Orange di-8-ANEPPQ 

diA-ANEPPS 
di-8-ANEPPS 
where ANEP = 
(aminonaplithylethenylpyridinium) 

0108. The light-sensitive material may be applied to any 
Substrate such as a package or product, by any technique 
capable of causing the light-sensitive material to adhere to 
the Substrate, including any technique by which conven 
tional inks may be transferred. For example, any kind of 
printer can be used, such as a multi-color printing press, an 
inkjet printer, a dot matrix printer (where the ribbon is 
soaked with the light-sensitive compound), silk screening, or 
pad printing. Alternatively, the light-sensitive material may 
be first applied to a decal or adhesive label which is in turn 
applied to the substrate. Preferably, an inkjet printer is used, 
as information that may be printed may be changed. 
0109). Using an inkjet printer may also be advantageous 
because reservoirs having different light-sensitive materials 
may be readily changed depending upon the product, cus 
tomer, date and/or place of manufacture or any other data. In 
addition, inkjet printers are commonly used to print the bar 
code on a label or directly on the package itself. It is to be 
appreciated that the authenticating mark may be configured 
to any desired pattern ranging from a single dot that may 
convey no more information than what is contained in the 
ink formulation to a bar code to a more complex pattern that 
may convey information related to, for example, product, 
date, time, location, production line, customer, etc. 
0110. In another embodiment, there is employed optical 
state change security materials where the data read upon a 
first read is different from the data when the same spot is 
read a second time after 200 ms seconds has elapsed. 
Preferably, the optical state change security material is a 
transient optical state change security material. 

0111. As would be understood by one of ordinary skill in 
the art, the persistence of the activated state of the light 
sensitive material, such as a light-changeable material, (i.e., 
the length of time the material is in the activated state versus 
initial state) and the delay in the conversion of the initial 
state to the activated state (i.e., the length of time it takes the 
material to enter the activated state from the initial state) 
may be measured parameters indicative of authenticity. 
Light-sensitive materials may be chosen from any material, 
compound or combination of compounds that serve to 
change the output signal from the medium upon re-reading. 
These materials include, without limitation, delayed light 
emissive materials, delayed light-absorbing materials and 
other light-changeable compounds. A layer in the medium 
that becomes reflective upon re-reading may also be useful 
in predictably altering the output of the medium. 
0112 The light-sensitive materials of the present inven 
tion may be either organic or inorganic in nature, a combi 
nation of both, or mixtures thereof. The materials preferably 
demonstrate delayed response to the wavelength(s) of light 
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to which they are sensitive, such that the data can be read by 
the reader in at least a first intended form upon initial read, 
and upon re-sampling in at least a second intended form. 

0113 Table 1 provides some organic dyes that may be 
useful with the invention. 

TABLE 1. 

Dye Name/No Excitation Emission 

Alcian Blue (Dye 73) 630 mm Absorbs 
Methyl Green (Dye 79) 630 mm Absorbs 
Methylene Blue (Dye 78) 66.1 mm Absorbs 
indocyanine Green (Dye 77) 775 in 818 mm 
Copper Phthalocyanine (Dye 75) 795 nm. Absorbs 
R 140 (Dye 53) 823 nm (66 ps) 83.8 mm 
R 768 Perchlorate (Dye 54) 760 mm 786 mm 
R 780 Iodide (Dye 55) 780 mm 804 mm 
R 780 Perchlorate (Dye 56) 780 mm 804 mm 
R 786 Iodide (Dye 57) 775 in 797 mm 
R 768 Perchlorate (Dye 58) 770 mm 796 mm 
R 792 Perchlorate (Dye 59) 792 mm 822 mm 
1'-DIOCTADECYL-3,3,3',3'-TETRAMETHYLINDODI 

CARBOCYANINE-IODIDE (Dye 231) 
645 mm 665 mm 

1'-DIOCTADECYL-3,3,3',3'-TETRAMETHYLINDO 
TRICARBOCYANINE IODIDE (Dye 232) 

748 mm 780 mm 
1",3,3,3',3'-HEXAMETHYL-INDODICARBOCYANINE 
ODIDE (Dye 233) 

638 mm 658 mm 
DTP (Dye 239) 800 nm (33 ps) 848 mm 
HITC Iodide (Dye 240) 742 nm (1.2 ns) 774 mm 
R P302 (Dye242) 740 mm 78.1 mm 
DTTC Iodide (Dye 245) 7SS in 788 mm 
DOTC Iodide (Dye 246) 690 mm 718 mm 
R-125 (Dye 247) 790 mm 813 mm 
R-144 (Dye 248) 750 mm 834 nm. 

0114. As also stated above, the light-sensitive materials 
may also be inorganic in nature. Inorganic compounds find 
particular use in the present invention when the light 
sensitive material is desired to be functional for long periods 
of time on the item and/or packaging Surrounding the item. 
Inorganic compounds are less prone to degrade when 
exposed to repeated laser challenges. 

0115 Inorganic compounds capable of light-emission 
may find use in the present invention. Compounds such as 
Zinc sulfide (ZnS) at various concentrations (Seto, D. et al., 
Anal. Biochem. 189, 51-53 (1990)), and rare earth sulfides 
and oxysulfides, such as, but not limited to, ZnS SiO, 
ZnS SiO, and La-0S are known to be capable of emitting 
phosphorescence at certain wavelengths. Such inorganic 
light emissive compounds may be used advantageously with 
a metalion Such as manganese (Mn), copper (Cu), europium 
(Eu), Samarium (Sm), SmF, terbium (Tb), TbF, thulium 
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(Tm), aluminum (Al), silver (Ag), and magnesium (Mg). 
Phosphorescent and luminescent properties of the com 
pounds can be altered in a ZnS crystal lattice, for example, 
the delay time and wavelength of emission be controlled by 
changing the metal ions used for binding (See, e.g., U.S. Pat. 
No. 5,194,290). 
0116 Inorganic phase change materials can also be used. 
Particularly useful inorganic phase change materials include 
chalcogenide materials such as GeSbTe, InSbTe, InSe, 
AsTeGe, Te0x-GeSn, TeSeSn, SbSeBi, BiSeGe and AgInS 
bTe-type materials which can be changed from an amor 
phous state to a crystalline State by absorption of energy 
from particular light sources. The inorganic compound(s) 
may be used in numerous forms as would be understood by 
one of ordinary skill in the art, including, without limitation, 
in very fine particle size, as dispersions or packed within a 
crystal lattice (See, e.g., Draper, D. E., Biophys. Chem. 21: 
91-101 (1985)). 
0117. In another embodiment, a transient optical state 
change security material or other phase change material is 
placed over a digital data recording on the item, and/or 
package material associated with the item, Such that the 
digital data read is altered depending upon the phase of the 
material. A phase change may be timed Such that the data 
underlying the phase change material can be read before the 
change occurs. The phase change advantageously should be 
persistent enough that upon re-sampling a different data read 
is obtained, and yet not too persistent such that the under 
lying data is obfuscated for significant periods of time. 
Authentication software may be keyed to the period of time 
involved in the change of phase and/or return to original 
phase. 

0118. The light-sensitive materials can be broadly 
applied to any Substrate. Advantageously, the dye will be 
invisible So its presence will not affect the packaging. 
Various methods for application include DOD, inkjet print 
ing, aerosol spraying or dipping the Substrate. 

0119). In one embodiment in order to write data to the 
Substrate, a change is be made to the dye. One of the most 
common ways to do this is with a laser Such as is used in a 
CD-R writer, although the present invention is not limited in 
this respect. This laser heats up the dye to cause a change in 
its properties. These changes can be made precisely and 
rapidly. 

0120 In one embodiment a laser changes the light 
sensitive material from light emissive to light absorptive. In 
another embodiment the laser changes the light-sensitive 
material from light absorptive to light emissive. In yet 
another embodiment the laser changes the light-sensitive 
material from transparent to light emissive. In another 
embodiment the laser changes the light-sensitive material 
from transparent to light absorptive. In all these cases a 
pattern is formed by light and dark areas by contrasting the 
dye before the laser has treated it and after treated with a 
laser. It is the contrasting pattern which is used to form 
letters, numbers, symbols or barcode patterns, etc., for a 
reader to pick up. 

0121 Various methods and apparatuses can be used to 
read the Substrate and the alternating patterns of light and 
dark, as the present invention is not limited in this respect. 
Some of these are dependant on whether the dye is absorp 
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tive of emissive. One method is similar to a standard barcode 
reader. This system uses light reflected from the surface of 
the substrate. Where the light-sensitive material is absorp 
tive, the amount of light reflected is less than where the 
light-sensitive material is not. Thus the reader will pick up 
a pattern of alternating light and dark areas. If the light 
sensitive material is light emissive then the reader will need 
to filter out the excitation light and only allow the light 
emitted in, for example using a one pixel rationnetric camera 
that takes advantage of a change in ratio in the light-sensitive 
material in addition to the light and dark patterns set up by 
the laser. 

0.122 Data applied to substrates may be encrypted to 
further increase security. The combination of data encryp 
tion, use of symbols (bar codes) or characters, and one or 
more invisible dyes that emit/absorb at different wave 
lengths results in a method of reliable product authentication 
and identification. The type of encryption used is variable 
and depends on the users requirements. As would be under 
stood by one of ordinary skill in the art, all methods of 
digital encryption available today or in the future would be 
applicable to this technology. Public key encryption algo 
rithms, such as RSA, as well as all adaptations of 128 bit 
encryptions, modified versions of DES and IDEA, are 
Suitable, as well as encryption methods using combination 
of the aforementioned. Data will also be encrypted when 
meaningful text/digits are transcribed to the symbols chosen 
for the particular media. 
0123. In one embodiment of the invention, barcoding 
symbology to represent the digital data may be employed. A 
bar code symbology is the way information is represented 
in a bar code, i.e., how the thin lines and thick lines (or other 
elements) represents data. There are two types of bar code 
symbologies: continuous and discrete. 
0.124 Discrete bar codes start with a bar, end with a bar, 
and have a space between characters, referred to as an 
intercharacter gap. Continuous bar codes start with a bar, 
end with a space, and have no intercharacter gap. Hundreds 
of different bar code symbologies exist in theory, but only a 
handful are used extensively in commerce and industry. 
0.125 The structure of the barcode consists of the height 
and the width. Information is encoded into spaces and bars 
of various width. The height of the barcode does not hold 
any information. Using the height, however, you can enlarge 
a barcode for easy scanning or for better visibility. The 
number of characters are represented in a linear inch called 
the barcode density. The density depends on the symbology. 
For example, using Code 39, 9.4 characters can fit in one 
inch. When using Interleaved 2 of 5, 17.8 characters can fit 
in one inch. The resolution of a barcode is dependent on the 
narrowest element of a barcode (X dimension), and can vary 
from high resolution nominally less than 0.009 in. (0.23 
mm), medium resolution between 0.009 in. (0.23 mm) and 
0.020 in. (0.50 mm), and low resolution greater than 0.020 
in. (0.50 mm). 
0.126 Currently there are more than 400 barcode sym 
bologies in use. Some are alphanumeric, while others con 
tain the full ASCII set, or only numeric data. Only 10 are 
standardized and prevalent in industry. This embodiment 
could include, but is not limited to, the following examples 
of bar coding symbologies: 

0127 Code 39: Code 39 is the most widely used 
barcode. It is an alphanumeric code, which Supports 
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both numbers and capital letters. The barcode has a 
total of 9 elements, 5 bars, and 4 spaces for each 
barcode character. Code 39 is used for shipping depart 
ments and product descriptions. 

0128 UPC: UPC-consists of the following subsets: 
0129 UPC-A UPC-A is a barcode used to encode 
a 12 digit number. The digits are arranged in the 
following manner: The first digit is the number 
system character, the following ten digits are the data 
characters, and the final digit is the checksum char 
acter. UPC-A is used by grocery stores within the 
United States: 

0130 UPC-E UPC-E is the smallest barcode 
available because it is a Zero Suppressed version of 
the UPC-A barcode. The data characters and the 
checksum characters are all condensed into six char 
acters. UPC-E is used with the Small EAN-8 bar 
code, has two country characters (which identify the 
country of origin), 5 data characters, and a checksum 
character. The EAN-8 is used for applications over 
SeaS, 

0131 EAN-13 EAN-13 has two country charac 
ters, ten data characters, and a checksum character. 
Thus, EAN-13 encodes 13 characters. The EAN-13 
is mostly used in grocery stores in Europe; 

0132) Interleaved 2 of 5 Interleaved 2 of 5 is a 
numeric code only. There are five elements to each 
character, two wide and three narrow. This code is 
also capable of having from 2 to 30 digits. It also 
requires an even number of digits to be encoded; 

0.133 Code 128 Code 128 is used for all numeric 
bar codes or alphanumeric barcodes. It is also a high 
density bar code which can encode the entire 128 
ASCII character set. It is also capable of encoding 
two numbers into one character width, called double 
density. 

0134 UCC-128 UCC-128 is a subset of Code 128. 
It is a 19 digit fixed length bar code which uses the 
double density numeric Code 128 C to create the bar 
code. The UCC-128 is often used for shipping con 
tainers. 

0135) Another embodiment of the invention includes 
automatic error checking of the digital content. An example 
of said error checking would include but not be limited to the 
use of a checksum character as is commonly used in bar 
coding symbology. A checksum is a count of the number of 
bits in a transmission unit that is included with the unit so 
that the receiver can check to see whether the same number 
of bits arrived. If the counts match, it's assumed that the 
complete transmission was received. The generation of the 
checksum character can vary from one type of symbology to 
another. However most symbologies checksum is obtained 
by taking the modulus 10 of sum of all of the characters in 
the string. 
0136. In another embodiment of the invention the data 
string stored represented on the package can be compressed. 
One example of compression would include but is not 
limited to the use of hexidecimal format. At its simplest, hex 
numbers are base 16 (decimal is base 10). Instead of 
counting from 0 to 9, as we do in decimal, and then adding 
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a column to make 10, counting goes from 0 to F before 
adding a column. The characters A through F represent the 
decimal values of 10 through 15 as illustrated below: 

0.137 decimal 0 1 2 3 4 56789 10 11 12 13 14 15 
0138 Hex 0 1 2 3 4 56789A B C D E F 

Another way to explain hex is, each column in a hex number 
represents a power of 16. The compression technique used 
could include hexidecimal or any other custom compression 
algorithm. 

STATEMENT REGARDING PREFERRED 
EMBODIMENTS 

0139 While the invention has been described with 
respect to preferred embodiments, those skilled in the art 
will readily appreciate that various changes and/or modifi 
cations can be made to the invention without departing from 
the spirit or scope of the invention, in particular the embodi 
ments of the invention defined by the appended claims. All 
documents cited herein are incorporated in their entirety 
herein. 

What is claimed is: 
1. A tape having a first longitudinal Surface and a second 

longitudinal Surface comprising: a layer comprising light 
sensitive material on said second longitudinal Surface, a 
layer of pressure-sensitive adhesive on said layer of light 
sensitive material, a release agent on said first longitudinal 
surface. 

2. The tape of claim 1 wherein the light-sensitive material 
is an optical state change security material. 

3. The tape of claim 2 wherein the optical state change 
security material is a transient optical state change security 
material. 

4. A band of material having a first longitudinal Surface 
and a second longitudinal Surface, either or both of said 
longitudinal Surfaces being coated with layer of light-sen 
sitive material. 

5. The band of material of claim 4 wherein the light 
sensitive material is an optical State change security mate 
rial. 

6. The band of material of claim 5 wherein the optical 
state change security material is a transient optical state 
change security material. 

7. A method for verifying an authentication mark com 
prising transient optical state change security material, said 
method comprising the steps of 

(a) illuminating the authentication mark with a wave 
length causing said transient optical state change Secu 
rity material to change optical state from a first optical 
state to a second optical state; 

(b) determining the time it takes for reversion of the 
transient optical state change security material from 
said second optical state to said first optical State; 

(c) comparing the time in step (b) with a reference time 
for optical state change to Verify the authentication 
mark. 

8. A method for providing an authenticity mark on an 
item, said method comprising the steps of 

incorporating onto the packaging of a product a light 
sensitive security material activated by a defined wave 
length of light; 
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exposing said light-sensitive security material to said 
defined wavelength of light in a manner so as to form 
changes in the light-sensitive security material deci 
pherable as digital data. 

9. A method of authenticating an item associated with a 
packaging, said packaging having digital data recorded 
thereon in the form of activated light-sensitive security 
material, said method comprising the steps of 

(a) scanning the package with an optical reader to deci 
pher the digital data represented by the activated light 
sensitive security material on said packaging; 

(b) authenticating the item if the digital data of step (a) 
matches a standard of digital data that should be on a 
genuine item. 

10. The method of claim 9 wherein said light-sensitive 
security material is a transient optical state change security 
material. 

11. The method of claim 9 wherein said light-sensitive 
security material is a recording dye. 
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12. A method of providing an authenticity mark on an 
item having incorporated thereon digital information in 
discernible optically recorded forms, said method compris 
ing the step of overlaying a transient optical state change 
security material capable of existing in a first optical state 
and a second optical state over said optically recorded forms. 

13. A method for authenticating an authenticity mark on 
an item comprising a transient optical state change security 
material overlaid on optically recorded forms of digital 
information, said method comprising the steps of 

(a) reading said digital information when said transient 
optical state change security material is in said first 
optical state and said second optical state; 

(b) comparing said digital information read in said first 
optical state and said second optical state with a refer 
ence read of said digital information on an authentic 
item in both of said first and said second optical state. 
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