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(57) Abstract: The invention relates to a wireless communication device that is capable of communicating using a pole antenna
in a first mode and a slot antenna in a second mode. The wireless communication device contains at least one conductive tab that
provides an antenna. The tab(s) form a pole antenna, and the tabs may also be attached across a slot to form a slot antenna. The
wireless communication device can communicate at different frequencies using the pole antenna in a first mode and the slot antenna
in a second mode. The tab(s) may be attached across a slot created in a package to form a slot antenna, or the tab(s) may be attached
to a slot that is created as part of the wireless communication device to form a slot antenna. The tab(s) and/or the slot may also
contain an adhesive material to attach the wireless communication device to a package, container or other material. More than one
slot may be provided to form a circularly polarized antenna. The wireless communication device can be placed inside a conductive
package using a slot antenna to provide unshielded communications. The wireless communication device can be further adapted to
detect when the package is opened and to communicate such information. The wireless communication devices can be printed or
placed on a carrier or support, such as film, to be stamped onto packages in a manufacturing facility and/or assembly line. The carrier
may be a conductive material in which tabs are formed as part of the carrier before the wireless communication device is attached.
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Wirel‘ess Communication Device and Method

The present invention relates to an apparatus, system and method of providing a
wireless chmunication device and communication of information concerning an item
containing the wireless communication device.

It is often desired to track and identify items, such as packages, containers, etc.,
and to communicate information concerning such items wirelessly. One method of
tracking and providing information concerning packages is to attach a wireless
communication device, such as a radio frequency identification (RFID) transponder or
other identification device, to packages. The information communicated concerning the
packages may include expiration dates, "born on" dates, lot numbers, manufacturing
information, and the like. A wireless communication device may be attached to an
individual package or to a container containing multiple packages.

A problem exists when a wireless communication device is attached to
packaging or containers constructed out of a conductive material such as fqil. A pole
antenna connected to the wireless cofnmunication device will not radiate properly if the
wireless communication device is attached on the outside of the package. The pole
antenna will be shielded if the wireless communication device is placed inside the
package. Thus, there exists a need for a wireless communication device that performs
well when attached to a conductive packaging or container.

It may be advantageous for such a wireless communication device to
communicate on different frequencies so that one device can be used for various
applications. For instance, an operating frequency of 2.45 GHz is used frequently

outside the United States, but an operating frequency of 915 MHz is frequently used in
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the United States. Many companies manufacture wireless communication devices that
are capable of operéting at both 915 MHz apd 2.45 GHz frequencies so that either
frequency can be chosen for operation. However, wireless communications device
applications, such as attaching wireless communication devices to packages for
informative and tracking purposes, configure the device to communicate on only one
frequency -- either frequency for the United States or a frequency for use abroad. It
would be advantageous to construct a wireless communication device with an antenna
structure that is capable of communicating at more than one frequency. This would
allow one wireless communication device to be applicable for uses in both the United
States and abroad.

The present invention relates to a wireless communication device associated
with a package, container or other material to communicate information concerning the
package, container or other material. A wireless communication device is provided that
contains a control system, communication electronics, memory, and an antenna. The
wireless communication device may contain a sensof to sense environmental conditions
surrounding the wireless communication device. The wireless communication device
contains one or more tabs constructed out of conductive material. The tab(s) serve as
both a pole antenna and attach the wireless comfnunication device to a slot, thereby
forming a slot antenna.

In one embodiment, the wireless communication device is a transponder that is
interrogated by an interrogation reader for communication purposes. The wireless.
communication device is attached to package that may be constructed out of a

conductive material, such as foil packaging used for food or liquid.
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The tab(s) attach to the surface of the package. In one embodiment, the tab(s)

are attached to the surface of a package. In a different embodiment, the tab(s) are

- reactively coupled to the surface of the package through a dielectric material. The

dielectric material can be an adhesive material placed on the tab(s) to attach the wireless
communication de\}ice to a package: | |

In another embodiment, the tab(s) form a pole antenna to communicate in a first
mode at one frequency, and the tab(s) are attached across a slot.in a package to
communicate in a second mode at a second frequency. One tab is used in one
embodiment to form a monopole type antenna, and two tabs are used in another
embodiment to form a dipole antenna. In another embodiment, the tab(s) can be varied
in shape and size to adjust to surfaces that vary in form.

In another embodiment, the width of the slot is varied to match the impedance of
the slot to the impedance of the wireless communication device. Another embodiment
uses a matching network to match the impedance of the slot to the impedance of the
wireless communication device.

In another embodiment, the wireless communication device operates inside
packaging constructed out of a conductive material, such a foil, and uses a slot cut in the
packaging to form a slot antenna. Another embodiment forms a slot inside the
packaging by placing a non-conductive material, such as a dielectric, in between a
sealed portion of the package. The wireless communication device attaches to the slot
to form a slot antenna.

In another embodiment, the wireless communication device reacts to the
opening of the package and communicates such event and/or stores it in memory. In

another embodiment, the wireless communication device uses a sensor to sense the
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envirohment and to detect when the package is opened. A second seal may be provided
in the package so that the wireless communication device inside the package does not
come into contact with the contents of the package.

The wireless communication devices can be placed in a carrier or support,
divided into portions, with one device per carrier portion during manufacturing. The
carrier or support may be a conductive material, whereby one or more conductive tabs
are formed as part of the carrier. The wireless communication device is attached to the
ce;rrier thereby attaching the wireless communication device to one or more conductive
tabs. The carrier or support is placed proximate to packages during manufacture, and
the wireless communication devices are attached to the packages by stamping the
dévices onto the packages either across a slot cut into the packages, or to a slot formed
by the package.

The invention will now be described, by way of example, with reference to the
accompanying dréwings in which:

Figure 1 is a schematic diagram illustrating communication between a wireless
communication device and an interrogation reader;

Figure 2 is an illustration of the wireless communication device with slot
antenna on a foil food package;

Figure 3A is a schematic top view diagram of the wireless communication
device with connecting tab devices containing a dielectric, adhesive material;

Figure 3B is a schematic diagram side view diagram of the wireless
communication device in Figure 3A;

Figure 3C is a schematic diagram of the wireless communication device having

its own slot;
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Figure 4 is a schematic diagram of the wireless communication device attached
across a slot to form a slot antenna;

Figure 5A is a schematic diagram of the wireless communication device having
a slot antenna of a particular width to match the impedance between the wireless
communication device and the slot;

Figure 5B is a schematic diagram of the wireless communication device
illustrated in Figure 6B with a slot of different width;

Figure 6 is a schematic diagram of a circularly polarized slot antenna;

Figure 7 is a schematic diagram of another type of packaging containing a
wireless communication device;

Figure 8A is a schematic diagram of the wireless communication device having
a slot antenna formed by a foil package closing;

Figure 8B is a schematic diagram of the wireless ‘communication device
illustrated in Figure 8A with the foil package having an additional seal below the
wireless communication device;

Figure 9 is a flowchart illﬁstrating the operation of the wireless communication
device when sensing to detect its presence outside of a package; and

Figure 10 is a schematic diagram of wireless communication devices mounted
on a carrier or support for stamping into packages in an assembly line.

The present invention is directed to a device, system and method of attaching a
wireless communication device, such as a radio frequency identification device (RFID)
to a package to comfnunicate information about the package or a container. The
package may be an individual package containing specific éontents, or an individual,

exterior package containing a group of additional, interior individual packages. The
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word "package" and "container" are used interchangeably herein to describe a material

that houses contents, such as goods or other individual packages, and equivalents

. structures. The present invention should not be limited to any particular meaning or

method when either "package" or "container" is used.

As illustrated in Figure 1, the invention includes a wireless communication
device 10 for electronic communication. Some wireless communication devices 10
have both a transmitter and receiver. Other wireless communication devices 10, known
in the art as"'transponders," are interrogated by interrogation reader 50, whereby the
transponder communicates back By altering field 58 containing interrogation signal 56.
This description refers to the terms "transponder" and wireless communication device
10 interchangeably, and the use of the term fransponder is not intended to limit the type
of wireless communication device 10 applicable to the present invention. Wireless
communication devices 10 are available that communicate at various frequencies,
including UHF and VHF. One embodiment of the present invention uses a wireless
communication device 10, also called a "transponder," that is a passive radio-frequency
device with the ability to rectify incoming radio energy and provide power to power the
device for communication and operation.  The invention is also applicable to active
devices that have their own powér source for communications. It should be readily
understood to one of ordinary skill in the art that there are many other different types of
wireless communication devices 10 that allow electronic communication and thus the
present invention is not limited to any one particular type.

Transponder 10 includes a control system ‘12 and communication electronics 14.
Transponder 10 may also contain membry 18 for storage of information to be

communicated to an interrogation reader 50. Alternatively, transponder 10 may store
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information such as an identification number or other information by using diodes, dip
switches or some other like circuitry in lieu of erasable memory 18. Antenna 16 is

provided to receive the interrogation signal 56 from interrogation reader 50. Antenna

16 may be either external to or internal to transponder 10. The particular type and

location of antenna 16 will depend on the operating frequency of transponder 10 and the
particular design desired. Transponder 10 may also be connected to sensor 20 for
sensing ambient or environmental information surrounding transponder 10, package 200
containing transponder 10, or the contents of package 200. One example of sensor 20
may be a quartz crystal resonator like that described in U.S. Patent No. 5,922,550. A
quartz crystal resonator detects analytes that may be present in food. Analytes include,
but are not limited to, microorganisms such as bacteria, yeasts, fungi and viruses.

Antenna 16 receives signal 56 through the radiated interrogation field 58.
Antenna 16 passes received signals 56 to communication electronics 14.
Communication electronics 14 contain oircuitfy necessary to interpret signal 56 from
ﬂeld 58 and to further communicate the interpreted signal to control system 12. Control
system 12 is an integrated circuit, printed circuit board, or other type of microprocessor
or micro-controller electronics that controls the oberations of the transponder 10.
Control system 12 is connected to communication electronics 14 to communicate and
receive transmissions. Control system 12 is also cénnécted to memory 18 for storing
and retrieving information. Control system 12 may further include a clock (not shown).
Control system 12 determines if any actions are needed in response to the
communications received from communication electronics 14.

Figure 1 also depicts how communication is achieved with transponder 10 using

an interrogation reader 50. Interrogation reader 50 contains interrogation
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communication electronics 52 and an interrogation antenna 54. Interrogation reader 50
communicates with the transponder 10 by emitting an electronic signal 56 modulated in
a frequency by interrogation communication -electronics 52thrmigh interrogation
antenna 54. Interrogation antenna 54 may be any type of antenna that can radiate signal
56 through a field 58 so that a compatible device, such as transponder 10, cén receive
\

such signal 56 through its own antenna 16. Field 58 could be electro-magnetic,
magnetic, or electric. Signal 56 is a message containing information or a specific
request for the transponder 10.

When antenna 16 is in the presence of field 58 emitted by interrogation reader
50, communication electronics 14 are energized by signal 56, thereby energizing
transponder 10. Transponder 10 remains energized so long as antenna 16 is in the field
58 of interrogation reader 50. Communication electronics 14 demodulates signal 56
and sends the message containing information or request to control system 12 for
appropriate actions. F;)r example, the request may be for transponder 10 to
communicate its identification, or information about a material or package containing
transponder 10, such as date of manufacture, place of manufacture, and/or lot number.
The message may also be a request for information regarding ambient or environmental
measurements sensed by sensor 20.

Another description of a transponder 10 that may be used with the present
invention is located in U.S. Patent No. 5,347,280. Transponder 10 is one type of
wireless communication device. ‘Other types of wireless communication devices 10
may be used with the present invention. For instance, transponder 10 may have a
transmitter that can send information to interrogation reader 50 without having to alter

signal 56. Transponder 10 may contain a battery to power the transmitter, or an energy
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storége unit that is charged by energy received from signal 56 when wireless
communication device 10 is in the range of field 58. It is readily understood to one of
ordinary skill in the art that there are many other types of wireless communications
devices and communication techniques than those described herein, and the present
invention is not limited to a particular type of device, techniciue or method.

Transponder 10 may be attached on any type of device or package to identify
and- communicate information concerning the device or package. For instance,
transponder 10 can be attached to a food package and may contain identification
information and other information about the food contained inside the package, such as
its date of manufacture, "born on" date, expiration date for sale or consumption and lot
number. For example, transponder 100 can be attached to a wine bottle and contain
information concerning the type of wine and its ingredients or make up, the date of
manufacture, and expiration dates. Transponder 10 can be attached to virtually any
device or package conceivable.

Figure 2 illustrates transponder 10 attached to a food package 200. Antenna 16
can either be a slot antenna 16A,' as illustrated in Figure 2, or a pole antenna 16B, as
illustrated in Figures 3A and 3B). A slot 300 is provided in package 200 t,o provide a
slot antenna 16A. Package 200 includes a surface 202. At least one tab, made out of
conductive material, such as a metallic material, is attached to transponder 10, and more
particularly to communication electronics 14 inside transponder 10. Two or more tabs
100 may also be attached to transponder 10 to provide antenna 16. The use of "tab" is
used in singular and plural herein, and reference in either form is not intended to limit

the invention to only one tab 100, or more than one tab 100.
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Tabs 100 are attached to slot 300 to form a slot antenna 16A. For the purposes

of this specification, the word "attached" is used generically to mean either attached
directly or coupled to slot 300. The tabs 100 may either ‘be. attached on slot 300 or
proximate to slot 300. Tabs 100 may also serve as pole antenna 16B. Tabs 100 may -
also be constructed by applying a conductive fluid (e.g. conductive ink) onto surface
202.

The present invention can also be used with transponder 10 containing one tab
100 to form either slot antenna 16A or pole antenna 16B. One tab 100 can be used to
form pole antenna 16B in the form of antenna having monopole-like radiation pattern.
If one tab 100 is used to form slot antenna 16B, tab 100 is attached to slot 300, and
transponder 10 is attached, in the form of grounding, to slot 300 to form a ground plane.
Using one tab 100 as a slot antenna 16B will create a monopole-like radiation pattern.

If surface 202 is constructed out of a conductive material, it may be
advantageous to use tabs 100 to create a slot antenna 16A rather than a pole antenna
16B. Examples of conductive surfaces 202 include food foil packaging, wine bottles
cork foil, jewelry, watches, cigar label foil, and alcoholic Bottle foil labels. If tabs 100
are attached on a conductive surface 202 without forming a slot antenna 16A, the
radiation pattern of the resulting pole antenna 16B created by tabs 100 may not be
properly tuned to the operating frequency of transponder 10. Factors such as the
conductivity and surface area of surface 202 affect the radiation pattern of a pole
antenna 16B formed by tabs 100 when tabs 100 are attached to surface 202. Packages
200 vary greatly in size, shape, and area. It is desirable for transponder 10 and tabs 100

to be manufactured such that transponder 10 operates at a desired frequency when using
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tabs 100 as a pole antenna 16B, regardless of the particular characteristics of package
200.

Packages 200 that are constructed out of conductive material, such -as foil,
containing transponder 10 inside the package 200 cannot use a pole antenna 16B. The
radiation pattern of pole antenna 16B is shielded by the conductive material. Therefore,
another reason for using tabs 100 to create a slot antenna 16A rather than a pole antenna
16B may be so that packages constructed out of conductive material and containing
transponder 10 inside package 200 can effectively communicate desired information
wirelessly.

If tabs 100 are attached on surface 202 that is not conductive, tabs 100 can
function at the desired operating frequency as a pole antenna 16B, regardless of the
characteristics of package 200. If two tabs 100 are used, the tabs 100 serve as a dipole
antenna '16B. One tab 100, instead of two tabs 100, may also be used to serve as
antenna 16, creating a monopole type radiation pattern as previously described above.
A ground plane may be provided between transponder 10 and surface 202 such that
communication electronicé 12 is attached to surface 202 to from a ground. In summary,
tabs 100 can serve to provide either a pole antenna 16B or slot antenna 16A depending
on the package 200 and its characteristics.

Figures 3A, 3B and 3C illustrate transponder 10 shown in Figure 2 in more
detail. Figure 3A illustrates transponder 10 from a top view perspective. Tabs 100 are
made out of a conductive material. For example, tabs 100 may be constructed out of
metals, such as aluminum or copper. Figure 3B illustrates transponder 100 from a side
view perspective. Tabs 100 can either be attached directly to surface 202 or coupled to

surface 202 by placing tabs 100 on an optional dielectric adhesive material 102 that is
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attached to surface 202. Use of adhesive material 102 may be necessary to attach the
transponder 10 to surface 202. If transponder 10 is attached on a package 200
constructed out of a conductive material without a slot 300, such that tabs lOOV act as a
dipole antenna 16B, a dielectric material 102 may be attached between the surface 202
and taBs 100 so that the radiation battem of the dipole antenna 16B is not affected by
the conductive package 200. If such a dielectric material 102 is used, tabs 100 are
reactively coupled, rather than directly connected, to surface 202. One tab 100, instead
of two tabs 100, may also be used to serve as antenna 16, creating a monopole type
radiation pattern. If transponder 10, with tabs 100, is attached across a slot 300 in a
conductive surface 202, a slot antenna 16A is formed for anteﬁna 16.

A transponder 10 may be attached to a slot antenna 16A as part of ité
construction, instead of using a slot 300 created in package 200 to form a slot antenna
16A. Figure 3C illustrates slot 300 as a recfangular, conductive material 250 having a
hollow portion cut out to form an inner, non-conductive portion 252. Tabs 100 are
attached to non-conductive portion 252. Slot 300 may be constructed in any shape
desired so long as slot 300 is constructed out of a conductive material 250 that contains
an inner non-conductive portion 252. This inner, non-conductive portion 252 can be
air, formed by a cut out as illustrated in Figure 3C, or can be formed by placing a non-
conductive material, such as plastié, onto or inside conductive material 250. The
conductive material 250 may also contain an adhesive 102, so that slot 300, with
transponder 10 attached, can be easily attached to package 200. It may be desirable to
provide slot 300 as part of transponder 10, instead of package 200, insofar as this
eliminates the requirement to create a slot 300 in package 200 as part of the

construction of package 200. For example, it may be impractical or impossible to
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provide a slot 300 in package 200, but still desirable to attach transponder 10 to package

200 using a slot antenna 16A. As an additional advantage of this embodiment
illustrated in Figure 3C, since slot 300 is provided as part of transponder 10, package
200 can be constructed out of non-conductive material.

Figure 4 illustrates transponder 10 with tabs 100 acting as both a pole antenna
16B and slot antenna 16A. A slot 300 is provided by cutting out a portion of conductive

surface 202. The length of the tabs 100 define the operating frequency of the antenna

16 if tabs 100 are configured to act as a pole antenna 16B. In one embodiment, the tabs

100 are each A/4 in length, or 30.6 millimeters each, to form a dipole antenna 16B with
a total length of A/2 and an operating frequency of 2.45 GHz.

As previously discussed, tabs 100 may also serve to form a slot antenna 16A if
attached across a slot 300 in a conductive surface 202. The slot 300 length defines the
operating frequency of the slot antenna 16A. In one embodiment, the slot 300 length is
7»/2 or 164 millimeters so that the transponder 10 operates at a frequency of 915 MHz.
More information on slot antennas 16A their operation is described in U.S. Patent No.
4,975,711.

In this manner, the transponder 10 has two antenna 16 configurations that are
capable of communicating at two ﬁeéuencies. If transponder 10 is capable of
communicating at two different frequencies, as discussed above, the pole antenna 16B
and slot antenna 16A can be configured to communicate at different frequencies as well,
enabling the transponder 10 to effectively communicative at both frequencies. This
arrangement provides an advantage in particular if 915 MHz is a desired frequency.
915 MHz is frequently used as an operating frequency for electronic communication in

the United States, but 2.45 GHz is frequently used outside the United States. Therefore,



WO 02/07496 PCT/GB01/03239

10

15

20

14

providing transponder 10 with the capability of communicating at both 915 MHz and

2.45 GHz is advantageous so that transponder 10 can be used for applications in both

the United States and abroad. However, if this dual capability is not required,

transponder 100 can be configured to operate solely using a pole antenna 16B or slot
antenna 16A. | |

Figures 5A and 5B illustrate transponder 10 attached across slots 300 of varying
widths. The width of slot 300 affects the impedance of slot 300. For example, a wider
slot 300, illustrated in Figure 5A, may have a higher impedance than the narrower slot
300, illustrated in Figure 5SB. Varying the slot 300 width varies the impedance of the
slot antenna 16B to maximize antenna 16 strength. It is desirable to match the reactance
of slot 300 to the impedance of transponder 10. In thé one embodiment, the slot
antenna 16A has a fairly low impedance. Therefore, it is desirable to transform the slot
300 impedance so as to match the impedance of transponder 10, thereby maximizing
energy transfer between transponder 10 and slot 300 and maximizing the strength of the -
radiation pattern emitted by the slot antenna 16A. Matching the impedances also '
minimizes reflection in the radiation pattern of slot antenna 16A. Transponder 10 may
comprise more than one layer, including conductive, dielectric and magnetic materials,
such as ferrites, to introduce inductance, thereby éiding modification of the
characteristics of surface 202 for impedance matching purposes.

In addition to the composition of transponder 10, the area of tabs 100 affect the
impedance of transponder 10. As discussed above, it is desirable to match the
impedance of transponder 10 and slot 300. Tabs 100 can also be varied to ensure
optimal coupling to surface 202. The impedance of slot 300 may be varied for

matching purposes by modifying relevant characteristics of surface 202. For example, a
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conductive package for food (e.g. foil) may have a surfaqé 202 that is variable in width,
dielectric or metallic characteristics. Capacitance of tabs 100 may be taken into
consideration for impedance matching when attaching tabs 100 to a particular surface
202. The capacitance of tabs 100 affects the impedance of transponder 10. The total
volume of tabs 100 (surface area times thickness) affects their capacitance. Tabs 100
are similar to parallel plate capacitors in series with wireless communication dévice 10.
The larger the volume of tabs 100, the larger their capacitance. It is therefore desirable
to design and construct tabs 100 with a capacitance that is commensurate with surface
202 to match impedance of transponder 10 and slot 300 for optimal performance.

An impedance matching network may also be used to match slot 300 impedance
to transponder 10 impedance, as discussed in U.S. Patent Application No. 09/536,334,
entitled "Remote Communication Using Slot Antenna," assigned to assignee of the
present invention.

Figure 6: illustrates two slots 300A, 300B in surface 2002 that are substantially
perpendicular to each other, with tabs 100 attached across the slots 300A and 300B.
The tabs 100 are attached to slots 300A, 300B at vertical angles, but tabs 100 can also’
attach to slots 300A, 300B adjacent to each other. This structure creates a circularly
polarized slot antenna 16A. Tabs 100 are attached to each of slots 300A and 300B.
The length of the first slot 300A, a, is slightly shorter than A/2. The length of the
second slot 300B, b, is slightly greater than A/2. The two slots 300A, 300B provide
antennas 16 that can be considered resonant circuits, with their associated phase delay at
the operating frequency of 345 degrees to each other. This causes transponder 10 to

receive efficiently radiation in more than one dimension and, specifically, in the form of
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a circular pattern so that the orientation of transponder 10 on surface 202 is somewhat
irrelevant for communication.

Figure- 7 illustrates another type of package 200 containing transponder 10.
Package 200 is configured to contain gum sticks (not shown). The package 200 is
constructed out ‘of a conductive material. Gum sticks are wrapped in their own
individual foil wrappers and are placed inside paper non-conductive wrappings 900
contained inside package 200. Parts of the non-conductive wrappings 900 touch or
couple to the interior of package 200. Such attaching or coupling provides a slot
antenna 300 as previously discussed, where the non-conductive wrappings provide slot
300 and the package 260 inside provides the surrounding conductive material. Figure 7
illustrates transponder 10 placed inside package 200. Tabs 100 are attached to slot 300,
as previously described, to provide communication. Again, tabs 100 are also capable of
operating as a pole antenna 16A. The package 200 could also be a cigarette package
200. Again, the cigarette package 200 attached to a slot 300, formed by conductive
material of the package 200 in addition to an internal non-conductive portion internal to
package 200, to form slot antenna 16A.

Figures 8A and 8B illustrate particular manners in which transponder 10 is
placed inside package 200. Figure 8A illustrates transponder 10 located inside the top
of package 200 where package 200 opens and seals in a pouch-like fashion.
Transpopder 10 and tabs 100 are placed inside the top 300. The inside surface 202 of
package 200 is a conductive material, such as a foil, including the sides of package 200
that come together when package 200 is closed and sealed. As discussed previously, it
is desirable to configure transponder 10 to communicate using a slot antenna 16A when

transponder 10 is inside a package 200 constructed out of conductive material. In this
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embodiment, slot antenna 16A is not formed by cutting out a portion of surface 202, but
rather by inserting a non-conductive material 302, such as a dielectric, inside package
200 at the top to form a seal 302 where the sides come together.- In this manner, a slot
300 is formed by the separation of the conductive material of inner surface 202 when
5 the sides of package 200; are closed and sealed. Such a method of placing 4a
transponder 10 inside a package 200 may be advantageous where it is desired to protect
transponder 10 from theft, tampering or other unwanted elements.
’ Placirig transponder 10 inside package 200 may also be useful to indicate if
package 200 has been opened, and, therefore, possibly contaminated. Packages 200 that
10  contain food for‘ consumption or medical devices and equipment requiring sterility are
also possible applications. Transponder 10 is placed inside package 200 as previously
discussed and illustrated in Figures 8A and 8B.
One embodiment to detect the opening of package 200 is to provide tabs 100
constructed out of a material that reacts to ambient air. When package 200 is opened,
15 tabs 100 become exposed to the outside air. If tabs 100 are constructed out of a material
that looses its conductivity when exposed to air, transponder 10 cannot be interrogated
and/or communicate as effectively since tabs 100 are attaéhed to slot 300 to provide a
slot antenna 16A for communication. Thus, lack of communication or degredated
communication can be used as an indicator that package 200 has been previoﬁsly
20  opened.
Figure 8B illustrates an embodiment where it is not only desirable to place
transponder 10 inside package 200, but also to separate transponder 10 from the
contents of package 200. In this embodiment, a second seal 304 is provided in package

200. The transponder 10 is located in first seal 302 as previously described above. The



WO 02/07496 PCT/GB01/03239

10

15

20

18

transponder 10 is still exposed to air when package 200 is opened, but transponder 10 is
not contained in the same portion of package 200 where the contents of package 200 are
contained. This embodiment may be desirable when the contents of package 200 are
food or liquid for consumption, or other materials where it is not safe or desirable for '
transponder 10 to come in contact with the contents of package 200.

Another embodiment uses sensor 20 to determine when package 200 is opened.
Sensor 20 may be any type of sensor that senses elements of air in the area on the
outside of package 200. Air contains oxygen, nitrogen and other gaseous elements. For
instance, sensor 20 may be an oxygen sensor, including the sensor described in U.S. -
Patent 6,027,622. Further, sensor 20 can be any type of sensor that senses an
énvironmental factor, such as a gaseous element, that is npt contained inside package
200 when sealed with transponder 10 therein.

Figure 9 illustrates a flow chart of one embodiment of transponder 10 using

sensor 20 to determine if package 200 has been opened. The process starts (block 400)

and control system 12 receives signals from sensor 20 indicating a reading (block 402).

The control system 12 determines if reading from sensor 20 indicates that package 200
is opened (decision 404). If package 200 is opened, c‘ontrol system 102 stores this event
in memory 18 to communicate it the next time transponder 10 is interrogated by
interrogation reader 50 (block 406). If transponder 10 has transmission capability,
transponder 10 may transmit the event of package 200 being open immediately. The
process then ends (block 408). Alternatively, if it is determined that the package 200 is
not open (decision 404), transponder 10 takes another reading from éensor (block 402),

repeating the process again.
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Figure 10 illustrates an embodiment of providing transponders 10 for stamping
onto packages 200 in an assemblgl line or other manufacturing capacity. A carrier 700
is provided that contains individual slides 702. - Carrier 700 may be a film-or other
similar type of material. Transponder 10 is manufactured and placed on carrier 700
during asserﬁbly whereby each portion 702 contains one transponder 10. The carrier
700 is constructed out of a conductive material. Carrier 700 may also contain, as part of
its construction, one or more conductive tabs 100. Since carrier 700 is a conductive
material, tabs 100 are conductive. Transponder 10 is placed onto carrier during
assembly and connected to tabs 100 formed in carrier 700. Later during the
manufacture or assembly process, transponder 10 is placed onto packages 200. Carrier
700 may have perforations 704 for movement by a machine in an assembly line when
mounting transponders 10 to portions 70.2. Transponder 10, attached to one or more
tabs 100 formed in carrier 700, is stamped onto packages 200 in an assembly line by
placing carrier 700 proximate to packages 200. The carrier 700 is stamped in such a
manner that transponder 10, with tabs 100 attached, are placed onto packages 200.
When desired, a stamping process places carrier 700 and a particular portion 702 in
contact with package 200 so that transponder 10 is more easiiy attached to package 200.
The package 200 may contain slot 300, whereby transponder 10 is stamped across the
slot 300. Transponder 10, tabs 100, or both, may also contain an adhesive 102, as

previously discussed, so that transponder 10 attaches to package 200 securely.
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Claims:

1. A device comprising: a wireless communication device; and at least one
conductive tab connected to said wireless communication device, said wireless
communication device being capable of communicating in a first mode as a slot antenna
and in a second mode as a pole antenna.

2. A device according to claim 1, wherein said wireless communication device
operates in the UHF frequency.

3. A device according to claim 1, wherein said wireless communication device
operates in the VHF frequency.

4. A device according to claim 1, wherein said at least one conductive tab is
attached to a’'slot to form said slot antenna.

5. A device according to claim 4, wherein said at least one coﬁductive tab is
directly attached to said slot. |

6. A device according to claim 4, wherein said at least one conductive tab is

reactively attached to said slot.

7. A device according to claim 1, wherein said at least one conductive tab is
adhesive.
8. A device according to claim 1, wherein said at least one conductive tab contains

an.adhesive.

9. A device according to claim 1, wherein said at least one conductive tab is
constructed out of a conductive ink.

10. A device according to claim 1, wherein said at least one conductive tab is A/2 in

length.
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11. A device according to claim 1, wherein said at least one conductive tab is A/4 in
length.

12. - A device according to claim 1, wherein the conductivity of said at least one tab
is affected when said at least one tab is exposed to air.

13. A device according to claim 12, wherein said wireless communication device
operates in said second mode.

14. A device for attaching to a package, said device comprising: a wireless
communication device; at least one conductive tab connected to said wireless
communication device; and a slot formed by a non-conductive portion in a conductive

material, said at least one conductive tab being attached to said slot to form a slot

antenna.
15. A device according to claim 14, wherein said slot is adhesive.
16. A device according to claim 14, wherein said at least one conductive tab is two

conductive tabs.

17. A wireless communication System comprising: a wireless communication
device; at least one conductive tab connected to said wireless communication device;
and a package constructed out of conductive material having a slot, said at least one
conductive tab being attached across said slot to form a slot antenna for use by said
wireless communication device to wirelessly communicate information concerning said
package.

18. A system according to claim 17, wherein said wireless communication device is
internal to said package.

19. A system according to claim 17, wherein said slot is formed by a non-

conductive portion in said package.
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20. A system according to claim 17, wherein said package has an opening at one

end with Atwo sides that come together to close said package whereby said slot is formed

by placing a non-conductive material between said two sides.

21. A system according to claim 20, wherein said non-conductive material is a

dielectric material.

22. A systém according to claim 20, wherein said non-conductive material is plastic.

23. A system according to claim 20, wherein said wireless communication device is

attached to said non-conductive materiél.

24. A system according to claim 20, wherein the conductivity of said at least one tab

is affected when said at least one tab is exposed to air outside of said package.

25. A system according to claim 24, wherein said wireless communication device

operates as a pole antenna.

26. A system according to claim 20, wherein said wireless communication device

further comprises a sensor that senses when said two sides are opened.

27. A system according to claim 26, wherein said sensor is a quartz crystal

resonator.

28. A system according to claim 20, wherein said two sides come together parallel

to each other.

29. A system according to claim 17, wherein the reactance of said wireless

communication device is substantially matched to said slot by adjusting the width of
* said slot.

30. A system according to claim 17, wherein said at least one conductive tab is two

conductive tabs.
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31. A system according to claim 30, wherein said slot antenna is circularly
polarized, and said slot comprises two slots substantially perpendicular to each other,
said two conductive tabs being attached to said two slots.
32. A method of attaching a wireless communication device to a package, said
method comprising: connecting at léast one conductive tab to said wireless
éommunication device; placing a slot in said package; and attaching said at least one
conductive tab across said slot.
33. A method‘ according to claim 32, further comprising attaching said at least one
conductive tab directly to the package.
34. A method according to claim 32, further comprising attaching said at least one
conductive tab reactively tonthe package.
35. A method according to claim 32, wherein said step of attaching said at least one
conductive tab comprises printing a conductive ink onto tﬁe package.
36. A method according to claim 32, wherein said step of placing a slot in said
package comprises cutting ‘a portion of the package.
37. A method according to claim 32, wherein said step of placing a slot in said
package comprises placing a non-conductive material in between a conductive portion
inside the package. |
38. A method according to claim 37, further comprising placing said wireless
communication device onto said non-conductive material.
-39. A method according to claim 32, wherein said at least one conductive tab is
constructed from a material having adhesive properties.
40; A method according to claim 32, wherein said step of connecting comprises

connecting two conductive tabs to said wireless communication device.
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41. A method of wirelessly communicatipg on two different frequencies, said
method comprising: providing a wireless communication device; connecting at least one
conductive tab to said wireless communication device to communicate at a first
frequency; and attaching said at least one conductive tab across a slot to communicate at
a second frequency.

42. A method according to claim 41, Where;in said attaching comprises ;clttaching
said at least one conductive tab directly to said slot.

43. A rﬂethod according to claim 41, wherein said attaching comprises attaching
said at least one conductive tab reactively to said slot.

44. A method according to claim 41, whe}"ein said attaching further comprises
providing an adhesive. to said at least one conductive tab.

45. A method according to claim 41, wherein said at least one conductive tab is
constructed from a conductive fluid.

46. A method according to claim 45, wherein said conductive fluid is a printing ink.

47. A method according to claim 41, further comprising senéing when said wireless
communication device is exposed to air.

48. A method according to claim 41, further comprising sensing when said at least
one conductive tab is exposed to air.

49. A method according to claim 41, further comprising matching the reactance of

said wireless communication device to said slot.

50. A method according to claim 49, wherein said matching comprises varying the .
width of said slot.

51. A method according to claim 41, wherein said connecting comprises connecting

two conductive tabs to said wireless communication device.
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52. A method of wirelessly communicating information concerning a package
constructed out of foil, said method comprising: providing a wireless communication
. device; connecting at least one conductive tab to said wireless communication device;
and attalching said at least one conductive tab across a slot in the package.

53. A method of forming a slot antenna, said method comprising: forming a slot i)y
placing a non-conductive material in between a conductive portion inside a package;
placing a wireless communication device inside the package; and attaching said
wireless communication device to said slot.

54. A method of attaching wireless communication devices to packages in an
assembly line, said method comprising: mounting said wireless communication devices
on a carrier; and stamping said wireless communication devices onto the packages from
said carrier placed in close proximity to the packages.

55. | A method according to claim 54, further comprising cutting a slot into said
package, said stamping being performed across said slot.

56. A method according to claim 54, further comprising forming a slot by placing a
non-conductive material in between a conductive portion inside said package, said
stamping being performed across said slot.

57. A method according to claim 54, wherein said mounting further comprises
mounting at least one conductive tab on said carrier and attaching said at least one tab to

said wireless communication device.



PCT/GB01/03239

WO 02/07496

1/7

99

\vm
02~ losusg 9|~ EBuusiy \ \
/ \f // S\
LN \\\.//m SOIU0J08|9
C
sintntln ¢ [UOROUNWIWOD
Aowepy C!\m uonebosiau|
|/
2~ AaN //l\
wolshAs SOIU0JJO9IO ///
[0J1U0D) uopeoINWWOoN)| [N <
/ 0S
g
ov\ °

1614

SUBSTITUTE SHEET (RULE 26)



WO 02/07496 PCT/GB01/03239

2/7

Fig.2.

202

200
300 ———— Ve

16A —_

10

SUBSTITUTE SHEET (RULE 26)



WO 02/07496 PCT/GB01/03239

3/7
Fig.3A.
100 10 100
/ . /' L
16B—H I 1 “T~16B
Fig.3B.

10
w0 o
i | Z —]
\102 \102

Fig.3C.

16
1~ 1252
1300

10| |
+—4~100

100—1 =

-7 T~—250

SUBSTITUTE SHEET (RULE 26)



WO 02/07496 PCT/GB01/03239

47
202 Fig.4.
16A
/ 100 ,300
7 -
[ . |61.2mm
I
r Y
100 NMo
| 164 mm -
Fig.5A.
3Q0 J 16A 202
J
_ 0
100_//‘\ —— | i — T —1-100
202—" B -
Fig.5B.
s00 119 oA
/ _202
/
10
100—FT B=a/ B 1 100
002 —" e s

SUBSTITUTE SHEET (RULE 26)



WO 02/07496 PCT/GB01/03239

5/7
Fig.6.

202
300B
( PR T Ao

| - 1
b< \10
1007 \ y
3
Fig.7.
16A
300
900 l
1007 | <3 200
/ / \v)
107 | /
/
100°

SUBSTITUTE SHEET (RULE 26)



WO 02/07496

PCT/GB01/03239

6/7 -
Fig.8A.
300 202
3Q2 o /0 T/
== Tt ———
yi \\l \
oo 16A
200
Fig.8B.
202
30\2‘ 10\ /100 ,300 /
— 7 ==—16A
MO0 ]
304
200

SUBSTITUTE SHEET (RULE 26)



WO 02/07496

717

Fig.9.

Y

PCT/GB01/03239

( Start )’\400
o

Control system takes
reading from sensor

402

Wireless’
communication
device exposed

outside package

404

Store event in memory
and communicate {o
interrogation reader

when interrogated

406

l 408
C= )

Fig.10.

700
/1 00 /

100

702

[

704

| I T T N N N IV N N N0

| I DO O NN 2 VA VAN TN O O N

| D N AT 2N 1P Y O O I |

100

\
100 10

SUBSTITUTE SHEET (RULE 26)

10

704




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

