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the slot in the pallet rails as a slot antenna. Pallets
containing a wireless communication device may be
tracked through a facility, such as a manufacturing or
distribution facility.
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Wireless Pallet Communication Device and Method

The present invention relates to an apparatus, system and method of pallet
connnunicatioﬁ with a pallet containing items, using a wireless communication device.

It is often desired to wirelessly identify, track, and/er provide information about
items of manufacture, such as coﬁtainers, packages, and the like. Une method of
tracking and providing information about items is to attach a wireless communication
device, such as a radio frequency identification (RFID) transponder or other
identification device, to the item. The information communicated by the wireless
communication device concerning items may include identification number, expiration
dates, "born on" dates, lot numbers, manufacturing information, and the like.

Items are often stored and/or transported on pallets during manufacturing and/or
distribution. One method of identifying, tracking and providing. information concerning

items contained on a pallet is to attach a wireless communication device to the

 individual items on the pallet. However, communication collisions may occur if a pallet

contains items having wireless communication devices that communicate at the same’
frequency. Providing a wireless communication device per item on a pallet may also be
quite expensive.

Pallets often include more than one item, but these items may be a plurality of
the same type of item having the same information characteristics, such as date of
manufacture, lot number or other information that may be communicated in a single
communication from é single source. Therefore, a wireless communication device may
be provided on a pallet, instead of per item on a pallet. In this manner, information is
communicated about the itemé on the pallet from the pallet instead of each individual

item.
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Therefore, it is desirable to provide a wireless communication device for a pallet

~ to communicate information about the pallet and/or items on the pallet.

The present invention relates to a wireless communication device associated
with a package, container, or (Sther item, or a device that transports a package, to
communicate information concerning the package, éontainer 4or item, or transport
device. One type of transport device is called a "pallet." A pallet is a tray or other
surface that is used to store and/or transport containers.

A wireless communication device is provided on transport device and/or
container that contains a control system, communication electronics, membry, and an
antenna. The wireless communication device may contain a sensor to sense
environmental conditions surrounding the wireless communication device. The
wireless communication deviée contains one or more tabs constructed out of conductive
material. The tab(s) serve as both a pole antenna and attach the wireless
communication device to a slot, thereby forming a slot antenna.

In one embodiment, the wireless communication device is placed on a pallet that
is designed to hold items during storage and/or transport. The pallet is fitted with one
or more pallet rails that are inlaid securely into stﬁds on the pallet. A wireless
communication device is attached inside a pallet rail clip, and the pallet rail clip is
placed securely on a pallet rail. The wireless communication device may either
communicate information about the pallet itself, or containers stored and/or transported
on the container, using a pole antenna or slot antenna.

In another embodiment, the wireless communication device is attached to a

* pallet rail on a pallet. The pallet rail has a slot formed by a backplane grove with

protruding ridges. The wireless communication device is coupled across the slot to
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form a slot antenna. The Wiyeless communication device may couple to the slot using a
feed line, or using one or more conductive tabs coupled to the wireless communication
device.- An optional frame may be attached to the slot to bound the length of the slot. .
The wireless communication device may also be grounded to a ground plane on the
pallet rail. | |

In another embodiment, pallets are tracked as they move through a

| manufacturing and/or distribution facility. Pallets may contain items with information

that is communication to interrogation readers at different péints during transport. This
information is collected by a central control system. The céntral control system may
make certain decisions based on information received from pallets. |

In another embodiment, the Wirelcss 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.

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 device 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



WO 02/07084 PCT/GB01/03223

10

15

20

4

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 impedancé of the slot to the impedanc;e 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 wireléss 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
environment 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

carrier thereby attaching the wireless communication device to one or more conductive

tabs. The carrier or support is placed proximate to packages during manufacture, and
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the wireless communication devices are attached to the packages by stamping the
devices 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 drawings, 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;

Figure 4 is a schematic diagram of the wireless communication device attached
across a slot to form 2; 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;
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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;

| Figﬁre SB s a schematié 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 illustrating the operation of the wireless communication
device when sensing to detect its presénce outside of a package;

Figure 10 is a schematic diégram of a wireless communication devices mounted
on a carrier or support for stamping info packages in an assembly line;

Figure 11 is a schematic diagram illustrating a pallet holding containers and
containing a wireless communication device;

Figure 12A is a schematic diagram illustrating a pallet rail clip;

Figure 12B is a schematic diagram illustrating a pallet rail clip mounted into the
edge of a pallet rail;

Figure 12C is a schematic diagram illustrating a pallet rail clip containing a
wireless communication device coupled across a slot to form a slot antenna;

Figure 13A is a schematic diagram illustrating a wireless communication device
attached to a pallet rail and coupled acfoss a slot in the pallet rail to form a slot antenna;

Figure 13B is a schematic diagram illustrating a wireless communication device

attached to a pallet rail and coupled across a slot, bounded in length by a foil frame, in

~ the pallet rail to form a slot antenna;
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Figure 14A is a schematic diagram illustrating a wireless communication device
attached to a pallet rail and directly coupled to a slot in the pallet raill to form a slot .
antenna;

Figure 14B is a schematic diagram illustrating a wireless communication device
attached to a pallet rail and reactively coupled to a slot in the pallet rail to form a slét
antenna; and

Figure 15 is a schematic diagram illustrating a tracking and information system
to track pallets having a wireless communication device.

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 communicate information about the package or a container, or a
transport device that stores and/or transports such packages or containers, including a
pallet. The package may be an individual package containing specific contents, or an
individual, exterior package containing a group of additional, interior individue‘il' '
packages. The 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 mefhod when either "package" or "container” is used.

Transponder Communication

As illustrated in Figure 1, the invention includes a wireless communication
device 10 for .electronic éommunication. 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.
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This description refers to the terms "transponder" and wireless communication device

10 interchangeably, and the use of the 'term transponder 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 hav\e their own power source for communications. It should be readily
understood to one of ordinary skill in the art that there are many other different tyf)es 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 memory 18 for storage of information to be

communicated to an interrogation reader 50. Alternatively, transponder 10 may store
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 Ee connected to sensor éO for
sensing ambient or environmental information surrounding transponder 10, package 200

containing transponder 10, or the contents of container 200. One example of sensor 20

may be a quartz crystal resonator like that described in U.S. Patent No. 5,922,550. A
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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 circuitry necessary to interpre’é signal 56 from
field 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 operations of the transponder 10.
Control system 12 is connected to communication electronics 14 to communicate and
receive transmissions. Control system 12 is also connected o 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 -
communication electronics 52 and an interrogation antenna 54. Interrogation reader 50
communicates with the t;ansponder 10 By emitting an electronic signal 56 modulated in
a frequency by interrogation communication electronics 52through interrogation
antenna 54. Interrogation antenna 54 may be any type of antenna fhat can radiate signal
56 through a field 58 so that a compatible device, such as transponder 10, can receive
such signal 56 through its own antenna 16. Field 58 could i)e elecﬁo—maénetic,
.magnetic, or electric. Signal 56 is a message containing information or a specific

request for the transponder 10.
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When antenna 161 is iﬁ 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 éends the message containiﬁg information or request to‘ control system 12 for
appropriate actions. For example, the request may be for transponder 10 to
communicate its identification, of information about a material or container containing
transponder 10, such as date of manufacture, place of manufacture, and/or lot number.
The message may also be a request for informa\tion regarding amb;ent or environmental
measurements sensed by sensor 20.

Another description of a transponder 10 that may be used v;.fith the present
invention is located in U.S. Patent No. 5,347,280. Transponder IO'iS one type of
wireless communication device. Other types of wireless communication devices 10
may be used with the present invention. For inst'ance, 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
storage 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, technique or method. |

Transponder 10 may be attached on any type of device or container, or transport

‘device that stores and/or transports a device or container, to identify and communicate

information concerning the device or container. For example, transponder 10 may be
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attached to a transport device, such as a pallet. Transports device may be valuable.
Tracking and identification of transport devices may be important to ensure
minimization of loss or misplacement of such transport devices. -

Transponder 10 may also be attached to a package, and may contain
identification information énd other information about the package énd/or its conten‘ts,
such as identification number, date of manufacture or "born on" date, expiration Aate for
sale or consumption, lot number, etc. For example, transponder 10 may be attached to a
wine bottle and contain information concemi;lg the type of wine and its ingredients or
make up, the date of manufacture, and expiration dates. Transponder 10 may be
attached to virtually any device or container conceivable. |

The present invention relates to attachment of transponder 10 to a transport
device and/or a variety of containers 200 in a variety of different manners to achieve
wireless communication. One embodiment of the present iﬂvenﬁon relates to
attachment of transponder 10 on a transport device called a "pallet," described later and
in Figures 11 - 15. The description of transponders 10, antennas 16, slots 300, packages
200 or containers 200, tabs 100, and all other elements described herein are equally
applicable to all embodiments in this invention.

Slot Antenna Communication Embodiments

Figure 2 illustrates transponder 10 attached to a food package 200A. 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 300A is provided in package 200A to provide
slot antenna 16A. Package 200A includes a surface 202. At least one tab 100, 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
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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.

Tabs 100 are attached to slot 300A to form a slot antenna 16A. For the
purposes of this specification, the word "attachéd" is used generically to mean either
attached directly or coupled to slot 306A. The tabs 100 ‘may either be attached on slot
300A or proximate to slot 300A. 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 16A, tab 100 is attached to slot 300A, and
transponder 10 is attached, in the form of grounding, to slot 300A to form a ground
plane. Using one tab 100 as a slot antenna 16A will create a monopole-like radiation
pattern.

If surface 202 is constructed out of a conductivé material, it may be
advantageous to use tabs 100 to create slot antenna 16A rather than pole antenna 16B.
Examples of conductive surfaces 202 include food foil packaging, wine bottles cork
foil, jewelry, watches, cigar label foil, énd alcoholic bottle foil labelé. If tabs 100 are
attached on a conductive surface 202 without forming 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
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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 tabs 100 as a pole
antenna 16B, regardless of the particular characteristics of package 200A.

Packages 200 that are constructéd out of conductive mateﬁal, stch as foil,
containing transponder 10 inside céntainer 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 tébs 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 il\nside container 200 can effectively communiéate desired information
wirelessly.

If tabs 100 are attached on surface 202 that are not conductive, tabs 100 can
function at the desired operating frequency as a pole antenna 16B,. regardless of ﬂ’fle
characteristics of container 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, thereby creating a monopole type radiation pattern as previously described
above. A ground plane may be provided between transponder 10 and surface 202 such
tha£ commuﬁication electronics 12 is attached to surface 202 tok from a ground. In
summary, tabs 100 can serve to provide either a pole antenna 16B or slot antenna 16A
depending on container 200 and its characteristics. |

Figures 3A, 3B and 3C illustrate on embodiment of transponder 10 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 construc;ted out of

metal, such as aluminum or copper. Figure 3B illustrates transponder 100 from a side
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view perspective. Tabs 100 may 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
attached to surface 202. Use of adhesive rnaterial 102 may b‘e necessary to attach
transponder 10 to surface 202. If transponder 10 is attached on container 200 without a
slot 300, such that tabs 100 act as a dipole antenna 16B, a d1electrlc material 102 may
be attached between the surface 202 and tabs 100 so that the radiation pattern of the
dipole antenna 16B is not affected by container 200. If 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
slot 300 on a conductive surface 202, a slot antenna 16A is formed for antenna 16.
Transponder 10 may be attached to slot antenna 16A as part of its construction,
instead of using a slot 300A created in container 200 to form slot antenna 16A. Figure
3C illustrates slot 300A as a rectangular, 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 300A may be constructed in any shape desired so
long as slot 300A is constructed out of a conductive material 250 that contains an inner
non-c;onductive 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 plastic, onto or inside conductive material 250. Conductive material
250 may also contain an adhesive 102, so that slot 300A, with transponder 10 attnched, .

can be easily attached to container 200. It may be desirable to provide slot 300A as part

‘of transponder 10, instead of container 200, insofar as this eliminates the requirement to

create slot 300A in container 200 as part of the construction of container 200. For
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example, it may be impractical or impossible to provide slot 300A in container 200, but
still desirable to attach transponder 10 to container 200 using slot antenna 16A. As an
additional advantage of this. embodiment illustrated in Figure 3C, container 200 may be
constructed out of non-conductive material, since slot 300A is provided as part of
transponder 10. |

Figure 4 illustrates transponder 10 witil tabs 100 acting as both a pole antenna
16B and slot antenna 16A. Slot 300A is provided by cutting out a portion of conductive
surface 202. The length of tabs 100 define the operating frequency of antenna 16 if tabs
100 are configured to act as a pole antenna 16B. In one embodiment, tabs 100 are each
A4 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, ’;abs 100 may also serve to form slot antenna 164, if
attached across slot 300A in conductive surface 202.  Slot 300A length defines the
6perating frequency of slot antenna 16A. In one embodiment, slot 300A length is A/2
or 164 millimeters, so that transponder 10 operates at a frequency of 915 MHz. More
information on slot antennas 16A, and their operation is deécribed in U.S. Patent No.
4,975,711. |

In this manner, transponder 10 has two antenna 16 configurations that are
capable of communicating at two frequencies. If transponder 10 is capable of
communicating at two different frequencies, as discussed above, pole antenna 16B and
slot antenna 16A can be configured to communicate at different frequencies as well,
enabling 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
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the United States, but 2.45 GHz is frequently used outside the United States. Therefore,

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 pole antenna 16B or slot
antenna 16A.

Figures SA and 5B illustrate transponder 10 attached across slots 300A, 300B of -

varying widths. The width of slots 300A, 300B affects the impedance of slots 300A,

300B. For example, a wider slot 3004, illustrated in Figure 5A, may have a higher
impedance than the narrower slot 300B, illustrated in Figure 5B. Varying slot 300
width varies the impedance of 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 the
one embodiment, slot antenna 16A has a fairly low impedance. Therefore, it is
desirable to transform slot 300 impedance so as to match the impedance of uangponder
10, thereby maximizing energy transfer between transponder 10 and slot 300 and
maximizing the strength of the radiation pattern emitted by slot antenna 16A.
Matching the impedances also minimizes reflection in the radiation pattern of slot
antenna 16A. Transponder 10 may comprise include more than one layer, including
conductive, dielectric and magnetic materials, such as ferrites, to introduce inductance,
thereby aiding 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
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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
conductive package for food (e.g. foil) may have a surface 202 that is variable in width,
dielectric or metallic characteristics. Capacitance of tabs 100 may be taken into

consideration for impedance matching when attachihg tabs 100 to a particular surface

.202. The capacitance of tabs 100 affects the impedance of transponder 10. The total

Vélume of tabs 100 (surface area times thickness) affects their capacitance. Tabs 100
are similar to parallel plate capacitors in series with wireless communication device 10.
The larger the volume of tabs 100, the larger their capacitahce. 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 300A for obtimal performance.

An impedance matching network may also be used to match slot 300 impedance
to transponder 10 impedance, as discusséd 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 202 that are substantially
perpendicular to each other, with tabs 100 attached across slots 300A, 300B. Tabs 100
are attached to slots 300A, 300B at vertical angles, but tabs 100 can also attach to slots
300A, 360B adjacent to each other. This structure creates a circularly polarized slot
antenna 16B. Tabs 100 are attached to each of slots 300A, 300B. The length of first
slot 300A, a, is slightly shorter A/2. The length of second slot 300B, b, is siightly
greater than A/2. Slots 300A, 300B provide antennas 16 that can be considered resonant
circuits, with their associated phase delay at the operating frequency of +45 degrees to

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

. Figure 7 illustrates another type of container 200 containing transponder 10
called a gum-stick package 200B. Gum-stick package 200B is configured to contain
gum sticks (not shown). Gum-stick package 200B is consﬁcted 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 gum-stick package 200B.
Parts of the non-conductive wrappings 900 touch or couple to the interior of gum-stick
package 200B. Such attaching or coupling provides a slot antenna 16C as previously
discussed, where the non-conductive wrappings provide slot 300C and gum-stick -
package 200B inside provides the surroundirfg coﬁductive material. Figure 7-illustrates
transponder 10 placed inside gum-stick package 200B. Tabs.100 are attached to slot
300C, as previously described, to provide communication. Again, tabs 100 are also
capable of operating as a pole antenna 16B. éum—stick package 200B could also be a
cigarette package. Again, package 200B is coupled to a slot 300C, formed by
conductive material of the package 200B in addition to an internal non-conductive
portion internal to package 200B, to form slot antenna 16C.

Figures 8A and 8B illustrate particular manners in which transponder 10 is
placed inside package 200C. Figure 8A illustrates transponder 10 located inside the top
of package 200 where package 200C opens and seals in a pouch-like fashion.
Transponder 10 and tabs 100 are placed inside a top 302 of package 200C. The inside
surface 202 of package 200C is a con&uctive material, such as a foil, including the sides
of package 200C that come together when food package 200A is closed and sealed. As

discussed previously, it is desirable to configure transponder 10 to communicate using a
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slot antenna 16D when transponder 10 is inside a package 200C constructed out of
conductive material. In this embodiment, slot antenna 16D is not formed by cutting out
a portion of surface 202, but rather i)y inserting a non-conductive material 302, such as
a dielectric, inside package 200C at the top to form a seal 302 where the sides come
together. In this manner, a slot 300D is formed by ;the separation of the con'ducﬁve
material of inner surface 202 when the sides of package 200C, are closed and sealed.‘
Such a method of placing a transponder 10 inside food package 200A may be
advantageous where it is desired to protect transponder 10 from theft, tampering or
other unwanted elements.

Placing transponder 10 inside package 200C may also be useful to indicate if
package 200C has been opened, and, therefore, possibly contaminated. Packages 200
that contain food for consumption or medical devices and equipment requiring sterility

are also possible applications. Transponder 10 is placed inside package 200C, as

previously discussed and illustrated in Figures 8A and 8B."

One embodiment to detect the opening of package 200C is to provide tabs 100
constructed out of a material that reacts to ambient air. When package 200C is opened,
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 attached to slot 300D to provide a
slot antenna 16D for communication. Thus, lack of communication or degredated
communicatiqn can be used as an indicator t‘hat package 200C has been previously
opened.

Figure 8B illustrates an- embodiment where it is not only desirable to place

. tranéponder 10 inside package 200C, but also to separate transponder 10 from the
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contents of package 200C. In this embodiment, a second seal 304 is provided in
package 200C. Transponder 10 is located in first seal 302 as previously described
above. Transponder 10 is still exposed to air when package 200C is opened, but
transponder 10 is not contained in the same portion of package 200C where the contents

of package 200C are contained. This embodiment may be desirable when the contents

'of package 200C 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 packgge
200C.

Another embodiment uses sensor 20 to determine when package 200C is
opened. Sensor 20 may be any type of sensor that senses elements of air in the area on
the outside of package 200C. 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 No. 6,027,622. Further, sensor 20 can be any type of sensor
that senses an environmental factor, such as a gaseous element, that is not contained
inside package 200C when sealed with transponder 10 therein.

Figure 9 illustrates a flow chart of one embodiment of transponder 10 using
sensor 20 to determine if food package 200A has been opened. The process starts
(block 400) and control system .12 receives signals from sensor Zd indicating a reading
(block 402). The control system 12 determines if reading from sensor 20 indicates that
food package 200A is opened (decision 404). If package 200C is opened, control
system 102 stores this event in memory 18 to communicate it the next time transplonder
10 is interrogated by 'interrogation reader 50 (bléck 406). If transponder 16 has

transmission capability, transponder 10 may transmit the event of package 200C being

open immediately. The process then ends (block 408). Alternatively, if it is determined
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that the package 200C is not open (decision 404), transponder 10 takes another reading

from sensor (block 402), rebeating the process again.

Figure 10 illustrates an embodiment of providing transponders 10 for stamping
onto packages 200 in an assembly line or other manufacturing capacity. A carrier 700
is providea 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 assembly, 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 construcﬁon, 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 trgrisponders 10 to portions 702. 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 éOO. Carrier 700 is stamped in such a
manner that transponder 10, with tabs 100 attached, are placed onto péckagés 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 easily attached to package 200.
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 162, as
pfeviously discussed, so that transponder 10 attaches to package 200 securely.

Figure 11 illustrates another embodiment ‘of the present invention, whereby

transponder 10 is attached to a pallet 720. Pallet 720 is a tray or platform used for
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moving materials, such as packages 200D, containers 200D, or other materials. Pallets
720 are often used in conjunction with a forklift in a manufacturing, distribution and/or
storage facility for lifting and moving materials. In one embodiment, pallet 720 is an
air-cargo pa]let thz'1t is used to carry and transport containers 200D and/or materials
2OOD onto and off of aircraft. | |

Pallet Rails and Clips

A cable 724 or other cabling material may be used to secure containers 200D to
paliet 720. One method of securing containers 200D to pallet 720 is to secure cable 724
onto one or more pallet rails 726. A pallet rail 726 is a rail that is inlaid into a studs 72
contained in pallet 726, and fits securely within stud 725. Pallet 726 may contain studs
725 on one or more sides. Pallet rail 726 may be constructed out of a conductive
material, such as steel or aluminum. Pallet rail 726 has ridges 727 that protrude from
backplane 733 to allow cable 724 or other fittings to be secured to pallet rail 726 and
thereBy secure to pallet 726. Pallet rail 726 may be part of the natural construction of
pallet 726, or pallet rail 726 may be attached as a separate device to pallet 720.

One embodiment of the present of invention encompasses attachment of
transponder 10 to a pallet rail clip 728, so that information ;:onceming pallet 720 and/or
containers 200 on pallet 720 may be wirelessly communicated. An example of a pallet
rail clip 728 is illustrated in Figure 12A. A pallet rail clip 728 is designed to fit securely
on a pallet rail 726, as illustrated in Figure 12B, so that devices, such as a cable 724, can
be attached to the pallet rail clip 728. In one embodiment, pallet rail clip 728 ﬁfs into
pallet raii 720 by pulling it or pushing >it in place and sliding it sidev;/ays. More than one

pallet rail clip 728 may be placed on a pallet rail 726.
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One advantage of using a pallet rail clip 728 is convenience. For example, a
cargo handler may be required to place a transponder 10 only on certain containers
200D on a pallet 720 that are of higher value or significance. - Since pallet rail clip 728
can be secured to a pallet rail 720 quickly and in a secure manner, a supply of pallet rail
clips 728, that contain trénsponder 10, may be made évailable and easily accessiblé for
placing onto pallets 720 whenever required. Adhesives or other securing compounds
are also not required to attach transponder 10 to pallet 270.

Pallet rail clip 728 r;lay contain a clamp 729 that closes together to fit around an
opening in pallet rail 726 to attac.h securely.‘ Slot 300E is formed inside clamp 729
when clamp 729 is closed. Slot 300E may be a circular, elliptical, square or rectangular
shape. Slot 300E may be closed if clamp 729 fully closes together, or slot 300E may be
open if clamp 729 does not fully close. Slot 300E has a small aspect ratio for most slot

antennas 16D. The aspect ratio if the width of slot 300E as compared to the length of -

“slot 300E. However, slot 300E radiates electro-magnetic energy effectively despite the

aspect ratio is close together.

In one embodiment, slot 300E is approximately 21 millimetres in length. Pallet
rail clip 728 may also contain ring 729 inside clamp 730 for attaching cable 724 or other
securing means. Some pallet rail clips 728 may also contain an optional lock 731, so
that clamp 730 cannot be opened unless lock 731 is opened by key or other‘means, such
as a security combination.

Figure 12C illustrates transponder 10, previously described and illustra‘;ed in
Figure 3, attached to pallet rail clip 728 to i)rovide wireless communication between
pallet 720 and interrbgation reader 50. Transponder 10 may have a variety of

information concerning containers 200D contained -on pallet 720 that is communicated
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Wirelessly to interrogation reader 50, such as type, quantity, "born-on" date or date of
manufacture, lot number, destination, etc.

Conductive tabs 100A, 100B are coupled to opposite sides of slot 300];3 to form'
a slot antenna 16E. When voltage signals are provided by transponder 10 to the edges
of slot 300E, slof 300E radiates electro-magnétic waves similar to the manﬁer in which
a pole antenna arrangement would radiate to effectuate wireless communications. In
one embodiment, two conductive tabs 100A, 100B are 3 millimetres in length, and are
coupled across slot 3‘OOE that is 21 millimetres in length. This configuration provides
transponder 10 slot antenna 16E at an operating frequency of 2.45 GHz. The radiation
pattern of slot antenna 16E when two conductive tabs 100A, 100B are coupled to slot
300E is similar to the radiation pattern of a dipole antenna, with the E and H fields are
reversed. Slot antenna 16D may also be provided by one conductive tab 100 coupled to
transponder 10 and slot 300E. The radiation pattern of slot antenna 16E when one
conductive tab 100 is coupled to slot 300E will is similar to the radiation pattern of a’
monopole antenna, with the E and H fields reversed. Pallet rail clip 728 may also be

used by transponder 10 as a ground plane if transponder 10 is coupled to a conductive

' portion of pallet rail clip 728.

Pallet Rail Slot Antenna

Figures 13A and 13B illustrate another embodiment of placing transponder 10
on pallet 270. As previously discussed, pallet 270 may have one or more pallet rails
726 attached to act as securing means for pallet rail clips 728 or other devices and
cables 724, or the like.) Pallet rail 726 has a grove that forms slot 300F. Slot 300F is

unbounded and ‘is of a varying width, formed by a series of ridges 727 that run
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protrude downward.

Transponder 10 is coupled to two conductive tabs 100A, 100B. Two conductive

* tabs 100A, 100B are coupled across slot 300F formed by protrudlng ridges 727 from

backplane 733. In this manner, transponder 10 uses slot 300F as a slot antenna 16F to
communicated wirelessly with interrogation reader 50, with slot antenna 16F having a
radiation pattern similar to a dipole antenna, as previously discussed. Conductive tabs
100A, 100B are coupled across the center of slot 300F, or at on an offset of center of
slot 300F. Conductive tabs 100 may contain and adhesive, so that transponder 10
attaches to pallet rail 726 in a secure manner. In addition, transponder 10 may have one

conductive tab 100 coupled to slot 300F to form slot antenna 16F. In this manner, slot

- antenna 16F has a radiation pattern similar to a monopole antenna, as previously

15

20

discussed. Backplane 733 may also be used as a ground plane ‘for transponder 10.
Transponder 10 méy communicate at 2.45 GHz, 915 MHz, or other frequency.

An alternative embodiment is to provide a bounded slot 300F on pallet rail 726.
Figure 13B illustrates transponder 10 attached to pallet rail 726 that is essentially thg
same as illustrated in Figure 1‘3A. However, a foil frame 732 is provided on pallet rail
726 to bound or limit the length of slot 300F. Foil frame 732 is a conductive material,
and made be constructed out of aluminum, copper or other conductive material. When
foil frame 732 is placed across slot 300F, the length of slot 300F becomes the length of
foil frame 732, since the outer edges of foil frame 732 keep current from comiuctive
tabs 100A, 100B from runrﬁng down the entire length of pallet rail 726. In one
embodiment, the length of slot-300F, as bounded by foil frame 732, is 22 millimeters,

and the width of slot 300F, as bound by foil frame 732, is 20 millimeters. Foil frame
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732 may also contain an adhesive material to attach to pallet rail 726. Adhesive 102
may or may not be a dielectric.

Figures 14A and 14B illustrate another embodiment of providing transponder 10
on pallet rail 726 using a feed line 740 to couple transponder 10 to slot 300G. In
F1gure 14A, transponder 10 is placed on the solid portion of pallet rail 726. Feed line
740 provides a d1rect electrical connection between transponder 10 and slot 300G. In
this manner, slot 300G radiates electro-magnetic energy from transponder 10 to form
slot antenna 16F. | |

Figure 14B illustrates an embodiment whereby feed line 740 from transponder’
10 does not directly connect to slot 300G. Instead, feed line 746 is placed in close
proximity to slot 300G to reactivr:iy couple to slot 300G. Slot 300G still receives
radiated energy from transponder 10, through feed line 740, due the close proximity of
feed line to slot 300G.

Pallet Tracking

Figure 15 illustrates a tracking system in which pallets 720, containing a
transponder 10, may be tracked through an environment such as a factory, storage,
distribution, or other facility. For example, pallet 270 may pass a first interrogation
point 752 that includes an interrogation reader 50. When pallet 720, and specifrcally its
transponder 10, is in the presence of the iriterrogation reader 50 as previously described,
a message containing information and/or a specific request for information may be
transmitted by interrogation reader 50 and received by the transponder 10. This process
continueé as the pallet 270 movesi to a second interrogation point 754, a third

interrogation point 756, a fourth interrogation point 758, and on to a last interrogation
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point 760. However, please note that a tracking system may contain more or less
interrogation points that illustrated in Figure 15.

A central control system 750 maintains the. information from interrogation
readers 50 and monitors the movement of pallets 270 through the facﬂlty The
information recelved by each of 1nterrogat10n readers 40 may be forwarded to the
central control system 100 either through direct wiring or LAN connection, and such ‘
wiring protocol may be any type, including parallel or serial. Central control system
750 may also send information to interrogation reader 50 to be transmitted’to the pallet
270 for identification purposes. Central control system 750 may track the expected
location of pallets 750 and may be alerted if if expects to receive information about a
particular pallet 750 at a given time and does not.

During commissioning of each pallet 750 containing a transponder 10, it may be

necessary to place transponder 10 in range of interrogation reader 50 in order to erase

" previously stored information in memory 18 or to store particular data or configuration

information about i)allet 750 and/or its containers 200C in memory 18 for later use.
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Claims:

1. A communication device for attachment to a pallet to communicate information
concerning items contained on the pallet, said device comprising: a pallet rail clip for
attachment to the pallet; a wireless communication device attached to said clip; and an

antenna coupled to said wireless communication device.

2. A device according to claim 1, wherein said antenna is a slot antenna.

3. A device according to claim 2, wherein said slot antenna is formed by a slot in
said pallet rail clip.

4. A device according to claim 3, wherein said slot is circular in shape.

5. A device according to claim 3, wherein said slot is 21 mm in length.

6. A device according to claim 3, wherein said antenna is formed by at least one

conductive tab coupled to said slot.

7. A device according to claim 6, wherein said at least one conductive tab is two
conductive tabs, said two conductive tabs being coupled across said slot.

8. A device according to claim 1, wherein said antenna is formed by at least one
conductive tab coupled to said wireless communication device.

9. A device according to claim 8, wherein said at least one conductive tab is two
conductive tabs.

10. A device according to claim 8, wherein said at least one conductive tab is
capable of communicating in a first mode as a slot antenna and in a second mode as a
pole antenna. |

11. A device according to claim 8, wherein said at least one conductive tab contains

an adhesive.
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12. A device according to claim 1, wherein said wireless communication device
communicates at a frequency of 915 MHz or 2.45 GHz.

13. A wireless communication system for communicating information concerning
items contained on a pallet, said system comprising: a pallet; a wireless communication
device aﬁached to said pallet; and an antenna coupled to said wireless communication
device, said wireiess communication device communicating said information
concerning items contained on said pallet.

14. A system according to claim 13, wherein said antenna is a slot antenna.

15. A system according to claim 14, wherein said slot antenna is formed by said
wireless communication device coupled to a slot on said pallet.

16. A system according to claim 15, further comprising at least one feed line
coupling said wireless communication device to said slot to form said slot antenna.

17. A system according to claim 15, wherein said wireless communication device is
coupled to at least one conductive tab. ‘

18. A system according to claim 17, wherein said at least one conductive tab is
coupled across said slot to form said slot antenna.

19. A system according to claim 17, wherein said wireless communication device is
coupled to a ground plane on said pallet.

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

22. A system according to claim 21, wherein said two conductive tabs are céupled
across said slot to form said slot antenna.

23. A system according to claim 15, wherein said wireless ‘communication device is

coupled to a foil frame that is attached to said slot to bound said slot.
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24. A system according to claim 15, wherein said slot is bounded.

25.  Asystem according to claim 15, wherein said slot is continuous.

26. | A system according to claim 15, wherein said slot is contained in at least one
pallet rail placed on said pallet.

27. A system according to ;zlaim 26, wherein said at least one pallet rail is a plurality
of pallet rails connected together and attached on all sides of said pallet.

28. A system according to claim 27, wherein said slot is bounded.

29. A system according to claim 27, wherein said slot is continuous.

30. A system according to claim 27, wherein said slot varies in width.

31. A system according to claim 27, wherein said slot is of substantially constant
width.

32. . A system according to claim 27, wherein said wireless communication device is
'céupled to a ground plane on said pallet rail.

33. k A system according to claim 27, further comprising at least one feed line
coupling said wireless communication device to said slot to form said slot antenna. |

3'4. A system according to claim 27, wherein said wireless communication device is
coupled to at least one conductive tab.

35. A system according to claim 34, wherein said at least one conductive tab is
coupled across said slot to form said slot antenna.

36. A system according to claim 34, wherein said at least one conductive tab is two
éonductive tabs. |

37. A system according to claim 36, wherein said two conductive tabs are coupled

across said slot to form said slot antenna.
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38. A system according to claim 27, wherein said wireless communication device is
coupled to a foil frame that is attached to said slot to bound said slot.

39. A system according to claim 38, wherein said foil frame contains an adhesive.
40. A system according to claim 34, wherein said at least one conductive tab is
101bm in length. | |

41. A system according to claim 13, wherein said pallet is an air-car_go‘ pallet.

42. A system according to claim 34, wherein said at least one conductive tab is
capable of communicating in a first mode as a slot antenna and in a second mode as a
pole antenna.

43. - A system according to claim 34, wherein said at least one conductive tab
contains an adhesive.

44, A system according to claim 13, wherein said wireless communication device
communicates at a frequency of 2.45 GHz or 915 MHz.

45. A method of providing wireless communication on a pallet containing a pallet
rail, said method comprising: attaching a wireless communication device to a stud clip
by coupling said wireless communication device across a slot in said stud clip; and
attaching said stud clip to said pallet rail.

46. A method according to claim 45, further comprising locking said stud clip to the
pallet rail.

47. A method according to claim 45, further comprising coupling at least one
conductive tab coupled to said wireless communication device across said slot. |

48. A method according to claim 45, further comprising grounding said wireless

communication device to said stud clip.
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49. A method of providing wireless communication on a pallet, said method
comprising: placing a slot in the pallet; and attaching a wireless communication device
to the pallet by coupling said wireless communication device to said slot to provide a
slot antenna.
50. A method according to claim 49, wherein said placing a slot comprises attaching
a pallet rail having a slot to the pallet.
51. A method according to claim 50, further comprising coupling at least one
conductive tab coupled to said wireless communipation device across said slot.
- 52. A method according to claim 50, further comprising coupling at least one feed
line coupled to said wireless communication device tc; said slot.
53. A method according to claim 50, further conllprising bounding the width of said
slot.
54. A method accordir.lg to claim 50, further comprising attaching—more than one
said pallet rail to the pallet.
55. A method according to claim 49, wherein said attaching a wireless
Acommunication device to the pallet further comprises placing an adhesive on said
wireless communication device. |
56. A method of tracking a pallet, said method comprising: attaching a wireless
coﬁlmunication device to the pallet; moving the pallet through at least one interrogation
point contéining an interrogation reader; and communicating tracking information
associated with the pallet between said wireless communication device anci said

interrogation reader through a slot antenna formed by a slot on the pallet.
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