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Combined Multi-Frequency Electromagnetic and Optical Communication System

CROSS-REFERENCE TO CO-PENDING APPLICATIONS

[0001] The present invention is a continuation-in-part of co-pending U.S. Patent application
10/ 878,.963-,‘ filed June 28, 2004, entitled “Combined Electromagnetic and Optical

Communication System,” naming Allen Lubow as the sole inventor. The entire contents of that

application is incorporated herein by reference.

FIELD OF INVENTION

[0002] The invention relates generally to a communication systei:n capable of communicating
information electromagrieticélly and optically, and more particularly to a multi-frequency
communication system ha;ring both electromagnetic and 6ptical comﬁuﬂcaﬁon devices where at
least a portion of each communication device is formed at least partially in an overlappying

manner, and in which the electromagnetic device can respond to multi-frequency signals.

DISCUSSION OF THE BACKGROUND

[0003] U.S. Patent Nos. 5,444,223 and 6,714,120 describe radio frequency identification tags
where the tags are associated with a binary number established by a pattem of ones and zeros
depending on the resonance or non-resonance of plural circuits associated with the tag.

However, as described in Figﬁres 1 and 1A of U.S. Patent No. 6,714,120, the tag includes an LC

circuit section and a bar code section that are separate. This increases the required area for the

tag.

SUMMARY OF THE INVENTION

[0004] According to an embodiment of the present invention, a communication system is
provided that includes both an electromagnetic ("EM") communication device and an optical

communication device where at least a portion of the EM communication device and at least a

portion of the optical communication device are formed from the same material.
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[0005] According to an embodiment of the invention, the optical communication device includes

a machine readable symbol, such as a bar code symbol.

[0006] According to another embodiment of the invention, the EM communication device
includes a radio frequency communication device, such as an RFID tag.

[0007] According to one embodiment of the invention, a conductable ink is used to form at least
a portion of the radio frequency commmﬁcation device and at least a f)oftion of the bar code
syfnbol.

[0008] According to another embodiment of the invention, at least a portion of the radio
frequency communication device and at least a portion of the bar code symbol are both formed
from a conductable foil through a subtraétive process, such as etching. '

i0009] According to another embodiment of the invention, the bar code symbol 1s of a format
providing for equal width 'spaces between bars. .

[0010] Accgﬁrding to another embodiment of the invention, the optical communication device

includes one or more alphanumeric symbols.

[0011] According to another embodiment of the invention, the optical communication device
includes one or more logos.
[0012] According to another embodiment of the invention, the radio frequency communication

device includes a memory which stores the same information encoded in the bar code symbol.

A S e
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of the radio frequenéy communication devices and encoded in the bar code symbol identify a

product.

[0014] According to one embodiment of the invention, a protective covering cover both the radio
frequency communication device and the optical communication device, but the information

encoded by the optical communication device can still be optically communicated through the

protective covering.

[0015] According to another embodiment of the invention, the radio frequency communication
device and the optical communication device are mounted on a package designed to be opened
such that when the package is opened as designed, the radio frequency communication device 1s
damaged SO that it no-longer cbmmunicates.

[0016] According to an embodiment of the invention, a communication system comprises an

electromagnetic communication device and an optical communication device. The
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electromagnetic communication device includes at least an antenna. The optical communication
device includes at least one machine readable symbol. At least a portion of the antenna and at
least a portion of the machine readable symbol are formed from the same material. At least a
portion of the antenna includes at least a portion of the machine readable synibol_.

[0017] According to an embodiment of the invention, a communication system comprises a
 radio frequency communication device and an optical communication device. The radio
ﬁ'équency commun_icatioﬁ device includes at least an anténna. The optical communication device
includes at least a bar code symbol. At least a portion of the antenna and at least a portion of the
. bar code symbol are formed from the same material. At least a portion of the antenna includes at
least a porﬁon of the bar code symbol.

[0018] In an embodiment of the invention, a method provides a communications system that
includes a radio frequency communications device and an opfical communications device. The
radio frequency communication device includes a communications controller, a memory, and an
antenna. The optical communications device includes at least a bar code symbol. According to
the method, the communications controller and the memory of ihe radio frequency
communications device are provided on a substrate. Also, the antenna of the radio frequency
communications device and the optical communications device are provided on the substrate
-using the same material for at least a portion of the antenna and at least a portion of the bar code
symbol.

[0019] According to another embodiment of the invention, a method provides a communications
s&stem that includes a radio ﬁequency communications device and an optical communications
device. The radio frequency communication device includes a communications controller, a
memory, and an antenna. The optical communications device inpludes at least a bar code
symbol. According to the method, the communications controller and the memory of the radio
frequency communications device are provided on a substrate. Also, the antenna of the radio
ﬁ'equency communications device and the optical communications device are provided on the
sﬁbstlfate using the same material for at least a portion of the antenna and at least a portion of the

bar code symbol so that at least a portion of the antenna includes at least a portion of the bar code

syinbol.
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[0020] According to another embodiment of the invention, a conductable ink is used to provide
at least a portion of the antenna of the radio frequency communication device and at least a

portion of the bar code symbol.

[0021] According to another embodiment of the invention, a conductable foil is used to provide
at least a portion of the antenna of the radio frequency communication device and at least a

portion of the bar code syrﬁbol.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The following déscription, given with reépect to the attached drawings, may be
‘better understood with reference to the non-limiting examples of the drawings, wherein:
[0023] FIG. 1 :is a block diagram showing the components of an embodiment of the
invéntion;

[0024] -  FIG. 2 is an overhead view of an embodiment of the invention;

[0025] FIG. 3 is an overhead view of another embodiment of the invention;

{0026] FIG. 4 is an overhead view of another embodiment of the invention, where the

optical communication device comprises several parts;

[0027] ~ FIG. 5 is an overhead view of another embodiment of the invention, where the
optical communication device comprises several parts including logos; |

[0028] F IG. 6 is an overhead view of another embodiment of the invention, where the
optical communication device comprises a bar code encoded in a format of equal width spaces;
[0029] FIG. 7 1s an overhead view of a first chip-less embodiment of the invenﬁon that
responds to multiple frequencies; |

[0030] FIG. 8 is an overhead vieﬁv of a second chip-less embodiment of the invention
that responds to multiple frequencies;

[0031] FIG. 9 is an overhead view of a third chip-less embodiment of the invention that

responds to multiple frequencies;

[0032] FIG. 10 1s an overhead view of a fourth chip-less embodiment of the invention

that responds to multiple frequencies;

[0033] FIG. 111s an overhead view of a fifth chip-less embodiment of the invention that

responds to multiple frequencies;
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[0034) FIG. 12 is an overhead view of a sixth chip-less embodiment of the invention that

responds to multiple frequencies; and
[00335] FIG. 13 is an overhead view of a seventh chip-less embodiment of the invention

that responds to multiple frequencies.

DISCUSSION OF THE PREFERRED EMBODIMENTS
[0036] According to an em.bodiment of the present invention, a combined
electromagnetic-optical communication ("CEMOC") syétem includes both an _electromaénetic
- ("EM") communication device and an optical communication device where at least a portion of

the EM communication device and at least a portion of the optical communication device are

formed from the same material. The electromagnetic communication device may be any device
that communicates (e.g., sends information, receives information, or both) using electromagnetic
wave energy, such as, for example, television, wireless telephone, a radio transmitter, a radio
receiver, a radio transmitter, a radio transponder, or.a radio frequency identification ("RFID")
tag. The electromagnetic communication device may include components such as circuitry for
controlling communications and a memory for storing data to be transmitted. The optical
communication device may be a device that stores and communicates inforrﬁation optically
through its physical appearance, such as, human or machine readable symbols, including, for
example, alphanumeric text, brand or corporate logos, or bar codes.

[(0037] The EM and optical communication devices of the CEMOC system may be
combined in a number of ﬁvays. According to one embodiment of the invention, EM
communication device 20 and optical communication device 30 of CEMOC System 10 may be
combined by forming them on a single substrate 40, as shown in FIG. 1.

[0038] This formation of CEMOC System 10 may be accomplished in a number of ways.
According to one embodiment of the invention, at least a portion of EM communication device
20 and at least a portion of optical communication’de{/ice 30 may be formed fr_oi_n conductable
ink by printing them on substrate 40. For example, FIG. 2 is an overhead view of a CEMOC
System 10 with the EM communication device comprising an RFID tag 202 and the optical
communication device comprising a bar code 204. RFID tag 202 may include an antenna 208.
and an integrated circuit ("IC") 206 that controls communication involving the RFID tag and

‘includes a memory that may store data. At least a portioﬁ of RFID tag 202, such as antenna 208,
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and bar code 204 may both be printed on substrate 40 using a metallic or other ink capable of
conducting electromagnetic energy-and an inkjet printer or other known printing device capable
of printing using such ink. The IC 206 may be mounted onto substrate 40 before or after antenna

208 and bar code 204 are printed. In either case, IC 206 and antenna 208 are coupled so that.IC

206 may transmit and/or receive data through antenna 208.

[0039] Another way in whiéh CEMOC System 10 may be formed is through a printing
teéhnique involving etching. Accordiﬁ g to another embodiment of tﬁe invention, at least a
portion of EM communication device 20 and at least a portion of optical communication deji:cé .
30 may be formed from a conductable material by removing portions of the métériéi 5o that what
remains of the conductable material comprises at least a portion of the EM communication o
device and at least a portion of the optical communication device. For example, referring again
to FIG. 2, a scribing laser, which removes material as it burns, may be used to etch the antenha
208 and bar code 204 from a conductable foil. The antenna 208 and bar code 204 may then be
fixed onto substrate 40, e.g., using an adhesive. Alternatively, a sheet of foil may be adhered to
substrate 40 first and then antenna 208 and bar code 204 etched from the foil. Before or after
antenna 208 and bar code 204 are formed, the IC 206 may be mounted onto substrate 40 so that

IC 206 is coupled to the antenna in such a way as to be able to transmit and/or receive data
through antenna 208. -

[0040] Another way in which the EM and optical communication devices of the CEMOC
system may be combined is for the optical communication device to be coupled to the EM
communication device and to function as an antenna for the EM communication device. For
example, FIG. 3 is an overhead view of a CEMOC System 15 where the EM communication
device cbmprises an RFID tag including an IC 17 and an antenna 18. Antenna 18 also functions
as the optical commmﬁcati.dn device of CEMOC System 15 such that the physical appearance of
antenna 18 stores and provides information optically. For example, as shown in FIG. 3, antenna
18 may be shaped in the form of a linear bar code.

[0041] 'The CEMOC System with the combined antenna/optical communication device
may be formed using similar techniques as described above in connection with FIG. 2. Thus, at
least a portion of the antenna and at least a portion of thical commu:ﬁcation device 30 may be

printed using conductable ink or etched from a conductable material. Also, optical



CA 02647500 2008-09-26
WO 2007/123748 PCT/US2007/007996

communication device 30 may be formed as a free-standing -ahtenna, e.g., not formed on a
substrate.

[0042] Where the CEMOC System includes an antenna shaped in the form of a bar code,
two or more of the bars of the antenna/bar code may be connected so as to provide a continuous
path coupled to the EM communication device. As is known by those in the art, this continuous
path should be of a suitable length and width and be formed of such conductable material so as to
enable the continuous path to serve as a suitablé antenna for the communication function being
performéd by the EM communication device, e. g., RFID tag communicatijon.

| [0043] The bars of the bar code may be connected in anj manner that does not interfere
with the ability of a bar code scanner to effectively read the antenna as a bar code. For example,

- as shown in FIG. 3, each bar of antenna/bar code 18 may be attached to the subsequent bar of
antenna/bar code 18 at alternating ends 1n a snaking fashion.

[0044] . The optical communication device of the CEMOC system of the present invention
may include one or more parts each of which may have a different appearance and store and
convey different information. For example, in FIGS. 2 and 3, the optical communication devices
include a single part, e.g., a bar code. In the éxample CEMOC System 10 of FIG. 4, optical
communication device 30 includes a bar code 204 as well as human readable text. The different
parts of obﬁcal communication devicé 30 may fofm a composite image, such as the EPC bar
code shown in I:‘IG. 3. However, the different parts of optical communication device 30 need not
représ’ent related information. Also, some parts of optical communication device 30 may include
decorative symbols or brand or corporate logos.

[0045] Wﬁcrc tﬁc CEMOC System includes an optical communication device that also
functions as an antenna for the EM communication device, two or more of the parts of the optical
communication device may. fofm a continuous path to serve as the antenna. For example,
CEMOC System 15 shown in FIG. 5 includes an optical communication device with four parts,
e.g., a linear bar code, text below the bar code, and a smaller and a larger 1nstance of the
corporate logo "SNX". As shown in FIG. §, the linear bar code and the larger instance of the
corporate logo form a continuous path to serve as the antenna for the EM communication deVice
which, in FIG. §, is an RFID tag.

[0046] Where the optical communication device of the CEMOC system includes several
parts, the parts may all be formed at the same time or they may be formed at diﬁ'ereﬁt times. For
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example, decorative symbols or logos may be'printed on the substrate prior to the printing of the
bar code part. In another example, human readable text may be added to the substrate after the

printing of the bar code.

[0047] In the examples shown above, the optical communication device of the CEMOC
system include a linear bar code. However, non-linear l;ar codes may be used as well. For
exalhple, an RSS bar code may be used in the embodiments shown in either FIG. 2 or 3.

[0048] Also, different bar code formats may provide certain advantages. For example,
where a subtractive technique i1s used to print the bar code; e.g., etching, a bar code of a format
providing for equal width spaces could be created more efficiently and quickly thaﬁ a bar code of
a format not providiﬂg for equal width spaces. For example, the bar code shown in FIG. 5 is of
the UPC (A) format which allows for four different thicknesses of background space. Thus, in a
laser etching process where the laser is set to etch a predetermined width, several passes may be
required to etch a space depending on the width of the space that has been coded in that bar code.
In the example shown in FIG. 6, CEMOC System 15 includes optical communiqation device in
the form of antenna/bar code 18 that is coded in the Code 25 bar code format. This bar code
format uses only equal width space§ between bars. Consequently, a laser set to etch a
predetermined width need only make a single pass to etch each space.

[0049] Having both optical and eléctroma'gnetic'communication devices, the CEMOC
system of th’e present invention as described above may provide information to users both
visually and through electromagnetic waves. For example, where the optical communication
device encodes certain information as a bar code, a user may retrieve the encoded information
using known bar code scanners that use conventional line-of-sight scanning techniques, such as
laser, CCD, and wand type scanners. Where the electromagnetic communication device is an
RFID tag, a standard RFID reader may be used to read the information stored in the RFID tag's

- memory.

[0050] - Where the CEMOC system of the present invention described above is combined
. on or mounted on a substrate, any type of substrate capable of supporting both the EM
communication device and the optical communication device of the CEMOC system may be

used. For example, the substrate may comprise a produét tag or label. In addition, the substrate

 may comprise the packaging for a product.
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[0051] Any substrate used should not interfere with the functionality of the EM and

optical communication devices of the CEMOC system. For example, where the optical
communication device includes a bar code, the surface of the substrate should be able to serve as
a background for the bar code. |

[0052] - Thus, using the printing techniques described above, at least a portion of the EM
communication device and at least a portion of the optical communication device of the CEMOC
system of the present invention may be formed by, for example, printing them directlyona
product tag, label or packaging using cdnduqtable ink. Alternatively, at least a portion of the EM '
;._commmﬁcaﬁon device and at least a pdrtion of the optical communication device of the CEMOC
system of the present invention may be formed by, for example, affixing a conductable material,
e.g., a copper foil, directly on a product tag, label or packaging, and removing, e.g., by etching,
unnecessary material so that the material that remains forms the portions of the EM and optical '
communication devices. -

[0053] Where the CEMOC system is used in environments exposing it to physical or
environmental stress, it majr be desirable to protect it from such stress. According to an
embodiment of the invention, a protective layer is applied over the CEMOC system that does not
interfere with the a user's communication with either communication device of the CEMOC
system. For example, where the CEMOC system is combined on or mounted on a substrate, the
protective layer may be placed over the CEMOC system and affixed to the CEMOC system
and/or the substrate. So as not to interfere with the communication involving the optical
communication device, the protectlve layer may be clear. Alternatively, the protective layer may
be mostly opaque with a clear portlon covering the optical communication device.

[0054] Thus, for example, the CEMOC system could be combined or mounted on a
product packaée meant for retail, e.g., a box of bfeakfast cereal, and placed on the outside and
bottom of the package at the location where a bar code identifying the product would
conventionally be found. The protective léyer would protect the inte gﬁty of the CEMOC system

while allowing the optical communication device to be read, for example, in order to identify the -

product at a checkout counter.
[0055]) If desired, the CEMOC system of the present invention may be combined or

mounted on a substrate in such a way as to be rendered ineffective during the course of normal

intended use. For example, where the CEMOC system is used as a product package identifier,

-0.
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after the product is sold, the identifier is no longer needed and, in ‘such cases, it may be desirable
for the CEMOC system to no longer function after the sale. Where the CEMOC system includes
an RFID tag, this may be accomplished by combiniﬂg or mounting the CEMOC system on the
product packaging over an area at which the pac.kage',is to be Opeﬁed. For example, the CEMOC
system could combined or mounted diréctly over the tear-open mouth of a package so that when
the package is opened, the infegrity of the RFID tag is destroyed so that RFID tag can no longer
transmit its stored information.

[0056] .Although‘ the EM and optical communication devices of the CEMOC system of
the presei{t“invé;htion may store the same information, in certain circumstances it may be
desirable for them to store different information. For éxample, since the optical communication
device stores and conveys information through its physical appearance, e.g., as with a bar code, it
may be possible for information encoded in the optical communication device to be fixed.
However, since the EM communication device stores its information in a memory, the EM
communication device's information may be changeable. As such, it may be desirable for the
information stored in the EM communication device's memory to supplement the information
stored in the optical communication device. For example, where the CEMOC system includes an
RFID tag and a bar code, the bar code may encode a product ID and the memory of the RFID tag

may store shipping instructions for the product. |
[0057] - The CEMOC system of the present invention described above provides many

advantages. Wher¢ it is desirable to have the functionality of both an electromagnetic
communication device, e.g., RFID tag, and an optical communication device, e.g., bar code, both
of these may be printed during the same operation écc'ording to the techniques described above.

Creating both an electromagnetic communication device, e.g., RFID tag, and an optical

communication device, e.g., bar code, in the same operation easily allows for both devices to be
encoded with the same information at one time.

[0058] The CEMOC system of the present invention may also be advantageous for
fechnology migration. For example, where the CEMOC system is a product package identiﬁér

and includes an RFID tag and a bar code, the same information could be encoded in both the
RFID tag and bar code, thereby allowing users to extract the information using established bar

code systems or newer RFID reading systems. This would allow for easy transition for a user

migrating from a bar code to an RFID system.

- 10 -
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- [0059] As shown in Fig. 7, it is also possible to utilize a chip-less configuration (i.e., a-
configuration without an IC 206) by instead integrating into the bar code a series of resonant
materials or structures that resonate at a plurality of frequencies. For example, a first bar 700,
may resonate in the presence 'of a first frequency f; whiic a second bar 700, may resonate 1n the
presence of a second frequency f;. In the exemplary embodiment shown in Fig. 7, each of the
bars of the bar code (700;, 7002, 7005, ... 700,) resonates in the presence of a different input
frequeﬁcy. In this wéy, a value (e.g., (1) at least a portioﬁ of the value that 1s optically encoded '
by the bar code, (2) a serial number for the product having the product code optically encoded in
the bar code, or (3) a manufacturing or printing date of the bar code) can also be
electromagnetically encoded into the bar code by assigning different values to the frequency
responsés of the bars of the bar codes. For example, if the bar code was to eleétromagnetically
encoae .thc number 15, then the frequency response could be configured such that the bars of the
bar code respond to four possible frequencies, fy, f, f3 and f;, representing the summation of the
bits 2°, 2',‘ 22., and 2°. In the illustrated embodiment, if there are more bars. than frequencies to
respond to, then some bars may be selected to resonate at the same frequency.

[0060] - Alternatively, as shown in Fig. 8, in another embodiment, some of the bars (e.g.,

700y, 700, ... 700,,) may be constructed so as to have a resonant response while other bars (e.g.,
800;, 800, ...) may be constructed so at to not have a resonant respénse. In such a case, when a
ffequenéjr 1s not needed (e.g., because the bit that 1t c;,orresponds to is a “zero”), then that bar can

just be printed with a non-resonant mater_ia.l while the other bars (700,, 700, ... 700) that need a

frequency response are printed with a resonant material.

[0061] The information that is to be encoded by the electromagnetic portion of a bar code
may also be too long to be encoded by the number of bars that would normally i)e used to
optically represent the desire;i information. In such a case, as shown iﬁ Fig. 9, it is possible to
split the bar code into at least two sections (e.g., 900, and 900;) along at least one line of
symmetry 920. The bar code can thén electrorﬂagnetically respond to up to “nx” different
frequencies where n is the number of sections and x is the number of bars in the “normal” bér
code. While this division into multiple sections may make the resulting bar code slightly bigger
than the non-split bar code, the bar code is preferably the same size as the non-éplit bar code. .
[0062] As shown in Fig. 10, a combined optical and electromagnetic bar code may also
include linked bars (1000;, 1000, ... 1000y) thét are plural bars tied together at one or more ends.
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Such a configuration may be beneficial in enebling the bars to respond to a desired frequency.

As further shown in Fig. 10, a combined optical and electromagnetic bar code fnay include any
number of the bar types of Figures 7-10, including linked bars (e.g., 1000,), resonant bars (e.g.,
700,) and non-resonant bars (e.g., 800,) configured in one or more sections.

[0063] Linked bars may cross sections in order to provide linked bars of various lengths.
Moreover, as shown in Fig. 11, the bars of a bar code may be formed into one or more spiral
configurations (e.g. j'l 100, ... 1100,) such that the sbirale respond to various frequencies. The
ends (e.g., 1120) of the spirais are preferably a sufficient distance from the center 1110 of the bar
code so as to not interfere with the scanning process. The spirals may be either clockwise or -
counterclockwise spirals. As shown in Figs. 11 and 12, the ‘spirals may either finish at an interior
of the spiral, as in F ig. 11, or at an exterior of the spiral, as in Fig. 12. As shown in Fig. 13, it is
further possible to form rings of resonant material where different rings respond to different
frequencies.

[0064] The resonant and/or linked bars (e.g., 700, and 1000,) are preferably created via a
printing process that utilizes a resonating material combined with an ink or a toner. The bar code
may be printed in plural passes such that some bars ere printed with the resonating material in
one pass and others bars are printed with plain ink or toner in another pass. The two passes may
even include different printing technologies.(e. g., inkjet printixig for one pass and laser-printing
using toner for aﬁother pass). In one embodiment,' the. resonatihg materials comprise metallic

fibers of various lengths where the lengths define to which frequency the resonant structure

respond.
[0065] The bars may also be printed. with various materials (e.g., chemicals) that can be °

separately detected in the presence of an alternate reader device. The individual bars of the bar
code, and even different portions of the same bar, may also be pnnted with chemlca.ls that
respond differently to varying optical sources. For example, a certain number of bars may be
printed with an ink that responds to ultraviolet light while the remaining bars do not. Based on
the number and/or position of the responding bars (or bar portions) compared to the number

and/or posmon of the non-responding bars (or bar portlons) additional information may be

conveyed to a corresponding reader.
[0066] It should be understood that in response to an excitation frequency (e.g., 1), the
corresponding structure (including any material forming the structure) embedded within the bar
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code that responds to that excitation frequency may resonate at the same frequency (i.e., f;) or at
a different frequency (e.g., f;), depending on the conﬁguré.tion of the structure.

[0067] While not shown with any separate antennas, it should be understood that in some
configurations at least one antenna may be included within or near the bar code to improve
“c,_ou‘pl‘ing of clectrbmagﬁéﬁc radiation to the bar code.

[0068] -~  Using a multi-frequency bar code, at least a porﬁon of the information in the bar
code may be repeated or otherwise veriﬁe(i using the information in the resonant structures
which make up at least a portion of a bar of the bar code. This cross-comparison can enable one
Or more readers to venfy fhét the information optically stored in the bar code has not been altered
by rcadiﬁg the information electromagnetically stored in the bar code, and vice versa. In the case
that the information does not agree, the one or more readers can alert the appropriate party that
there is a disagreement. Since this redundant information can be épplied without the need for a
controller chip, no malicious software (e.g., a virus) can infiltrate the information system (i.e.,
bar code with multi-frequency RF overlay) as could occur in configurations using controller
chips. | '

[0069] While certain configurations of structures have been illustrated for the purposes of
presenting the basic structures of the present invention, one of ordinary skill in the art will
appreciate that other variations are possible which would still fall within the scope of the

appended claims.
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CLAIMS

1. An electromagnetically re'adablé bar code, comprising:

a series of bars and spaces formihg a bar code such that the bar code is optically readable
by a bar code reader to determine informatibn optically encoded by the bar-code; and

a first resonant structure embedded w1thm at ieast one bar of the bar code such that the
first resonant structure resonates in response tb a first ﬁ'equeﬁcy; and

a second resonant structure elﬁbedded within at least one bar of the bar code such that the

second resonant structure resonates in response to a second frequency which is different than

said first frequency.
2. The electromagnetically readable bar code as claimed in claim 1, further comprisinga -

third resonant strubmre embédded within at least one bar of the bar code such that the third

resonant structure resonates in response to a third frequency which is different than said first and

second frequencies.

3. The electromagnetically readable bar code as claimed in claim 1, wherein the first

resonant structure is embedded within at least two bars of the bar code which are electrically

connected to each other.
4. The electromagnetically readable bar code as claimed in claim 1, wherein the first

resonant structure is embedded within at least three bars of the bar code which are electrically

connected to each other in a spiral.

5. The electromagnetically readable bar code as claimed in claim 1, wherein at least one

of the bars of the bar code is non-resonating.

6. The electromagnetically readable bar code as claimed in claim 1, wherein the first

resonant structure is embedded within a subset of one bar of the bar code.

7. The electromagnetically readable bar code as claimed in claim 1, wherein the bar code

is split into at least first and second sections along a line of symmetry, and wherein the first
resonant structure is embedded within at least one bar of the bar code in the first section and

wherein the second resonant structure is embedded within at least one bar of the bar code in the

second section.

8. The electromagnetically readable bar code as claimed in claim 1, wherein the first

resonant structure comprises a resonating material included in an ink.
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9. The electromagnetically readable bar code as claimed in claim 1, wherein the first

resonant structure comprises a resonating material included.in a toner.

10. The electromagnetically readable bar code as claimed in claim 1, wherein the first

and second resonant structures comprise metallic fibers.

11. The electromagnetically readable bar code as claimed in claim 1, wherein the first
and second resonant structures are mcluded within the same bar.

12. The electromagnetlcally readable bar code as clauned in clalm 1, further comprising
an antenna which is electncally coupled to at least one of the first and second resonant structures.

13. The electromagnetlcally readable bar code as claimed in claim 4, wherem the spu'al

starts at an exterior and ends in an interior of the spiral.

14. The electromagnetically readable bar code as claimed in claim 4, wherein the spiral
starts at an exterior and ends in the exterior of the spiral.

15. The electromagnetically readable bar code as clanned in claim 1, wherem the first
resonant structure 1s embedded within at least four bars of the bar code which are electncally
connected to each other in a nng.

16. A method of forming a multi-frequency bar code, compriéing:

printing a first resonant structure to be embedded within at least one bar of the bar code

such that the first resonant structure resonates in response to a first frequency; and

printing a second resonant structi;re to be embedded within at least one bar of the bar

code such that the second resonant structure resonates in response to a second frequency which 1s

different than said first frequency.

17. The method as claimed in claim 16, wherein the steps of printing comprise printing

with toner.

18. The method as claimed in claim 16, wherein the steps of printing comprise printing
with 1nk.
19. The method as claimed in claim 16, wherein the first and second resonant structures

are printed in different bars.

20. The method as claimed in claim 16, wherein the step of printing the first resonant

structure comprises printing two bars and a connector between the two bars such that the two

bars and the connector resonate together.-
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