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RADIO FREQUENCY IDENTIFICATION (RFID)
TAG ANTENNA DESIGN

TECHNICAL FIELD

This invention relates in general to radio frequency identification (RFID)

systems, and more particularly to an RFID tag antenna design.

BACKGROUND

The management and tracking of personnel, assets, and other objects is

required in a wide variety of environments and is often cumbersome, labor intensive,

and expensive. Radio receivers and. transmitters have been used for many years to

identify personnel and objects in such environments. For example, many systems are

known for attaching radio tags to items, such as personnel, assets, and automobiles.

When automobiles equipped with radio tags enter a certain area, such as a toll booth

area, the automobiles are automatically identified. The appropriate tolls are deducted

from corresponding accounts, thereby eliminating the need for drivers to stop and

make payments at toll booths. When radio tags are place on personnel, they can be

automatically identified and checked for authorized entry to a facility in a security

application called access control. Assets which are tagged can be identified and

tracked as they move throughout a facility for the purposes of automatically locating

them. They can also be automatically counted therefore providing inventory control.

They can also be protected as when an asset approaches an exit doorway the system

can automatically determine if the asset is authorized to be removed from the facility.

Tagged vehicles, assets, and personnel can be linked logically in the system to enable

greater visibility and control.

RFED systems generally use a fixed position transmitter capable of reading

remote, portable tags attached to personnel, assets, or other objects. Because of power

consumption concerns and the life span of the tag, the radio tag often operates only

after receiving a wake-up signal, often called semi-active operation. The wake-up

signal is generated by a powered device called an activator which transmits the

desired signal through a specially designed antenna based upon the physical



properties of the area. Activation causes the tag to leave a low power, or sleep state

and enter an active state. The activation transmitter produces the wake-up signal, and

an antenna transmits the wake-up signal to a particular area.

Although semi-active radio tags are common, many applications alternatively

use passive radio tags. Passive tags are tags that do not contain a battery. Instead,

power for the tag is supplied by the tag reader (radio waves from the reader cause a

magnetic field to be formed around the antenna of the tag, and the field is used to

energize the circuits in the tag). One particular application of passive radio tags is in

association with the EPCglobal standard. The EPC standard pairs the use of RFID

systems with electronic product codes (EPCs) for management of high volume

consumer package goods. This standard is effective at automatically identifying

pallets, cartons, and individual items as they enter a warehouse facility via an

entry/exit door portal. The current standard is limited in its use and reliability because

the passive RFED system solution requires substantial tag activation electronics to be

located proximate to the tagged goods in order for the tag to have enough reflective

energy for the signal to be read and in order for the system to be reliable.

Furthermore, careful orientation of tag to reader is a paramount concern in order to

achieve reasonable performance. The result is a limited tag-to-reader range.

SUMMARY

According to the present invention, disadvantages and problems associated

with previous and existing RFID tag antennas may be reduced or eliminated.

In certain embodiments, a hybrid radio frequency identification (RFID) tag

includes circuitry, a battery, and a first antenna. The circuitry includes one or more

passive RFED elements and one or more semi-active RFID elements operable to

transmit and receive communications to and from one or more RFED tag tracking

systems. The battery is coupled to the one or more semi-active elements. The first

antenna is coupled to the passive RFED elements and to the semi-active RFED

elements, the first antenna comprising a shape that defines a first open area and a

second open area. The circuitry is positioned within one of the first and second open

areas defined by the shape of the first antenna, and the battery is positioned within the

other of the first and second open areas defined by the shape of the first antenna.



Particular embodiments of the present invention may provide one or more

technical advantages. In certain embodiments, the present invention provides an

antenna that is operable to provide for communication over multiple frequency bands.

For example, the antenna may be operable to provide for communication over each of

the following frequency bands: 315 MHz, 433 MHz, and 860 MHz to 960 MHz. In

certain embodiments, the antenna may be shared by various RFID elements of

circuitry for an RFID tag to provide communication on a number of frequency bands.

In certain embodiments, in the case in which the active and passive components of a

hybrid tag communicate in a similar frequency range (for example, such a tag may

transmit and receive in the EPCglobal frequency range —860-960 MHz - and may

also communicate in typical active tag frequencies —such as around 900 MHz), a

single antenna may be shared by both of these components. The shape of the antenna

and its arrangement with respect to the other components of the tag may be designed

so as to minimize the overall size of the tag and to optimize the radio-frequency

performance of the antenna. In certain embodiments, the antenna is designed to be

robust and easy to manufacture in that it is designed not to be overly sensitive to

production variation in the form of different substrate thicknesses and resin mixes,

and different track thicknesses (e.g., copper track thicknesses).

Certain embodiments of the present invention may provide some, all, or none

of the above advantages. Certain embodiments may provide one or more other

technical advantages, one or more of which may be readily apparent to those skilled

in the art from the figures, descriptions, and claims included herein.



BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and its

advantages, reference is made to the following descriptions, taken in conjunction with

the accompanying drawings, in which:

FIGURES IA- IB illustrate top and cross-sectional views, respectively, of an

example radio frequency identification (RFID) tag that includes a substantially S-

shaped antenna designed according to certain embodiments of the present invention;

FIGURE 2 illustrates a top view of another example RFID tag that includes a

substantially W- or M-shaped antenna designed according to certain embodiments of

the present invention; and

FIGURE 3 illustrates an example method for forming an RFID tag with an

antenna designed according to certain embodiments of the present invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS

FIGURES 1A-1B illustrate top and cross-sectional views, respectively, of an

example radio frequency identification (RFID) tag that includes a substantially S-

shaped antenna designed according to certain embodiments of the present invention.

Although a particular embodiment is illustrated and primarily described with respect

to FIGURES IA and IB, the present invention contemplates any suitable embodiment

of tag 10.

Referring to FIGURE IA, tag 10 includes circuitry 12, which may include one

or more integrated circuits for providing RFID functionality. In certain embodiments,

circuitry 12 comprises one or more passive RFID elements and one or more semi-

active RFID elements operable to transmit and receive communications to and from

one or more RFID tag tracking systems. In certain embodiments, circuitry 12 may

include one or more active RFID elements. A tag that includes this type of circuitry

12 that implements multiple types of RFID technology (e.g., a combination of

passive, semi-active, and active) may be referred to as a hybrid tag. Antenna designs

described herein may be used with hybrid tags or any other suitable type of RFID

tags.

Passive tags cannot provide accurate inventory accounting of goods that

require a longer read range. Furthermore, these tags also cannot independently



provide sensing information. They also cannot independently provide theft

protection, tracking, or static inventory counting.

These functions may be obtained in certain circumstances using active tags.

Active tags use batteries to provide regular beacon signals for automatic identification

at long ranges using a flexible receiver infrastructure. Alternatively, semi-active tags

may also be used. Such semi-active tags may be awakened using low cost open air

tag activation at lower RF frequencies (such as 126 KHz) so that the tag does not have

to constantly transmit and can therefore preserve its battery strength. However, active

tags and semi-active tags cannot economically provide high volume portal

accounting, such as the management of goods under the EPCglobal standard. When

combined into a single RFID tag, however, various elements of passive, semi-active,

and active RFID tags can provide benefits beyond the individual capabilities of each

type of tag. One example of such a hybrid tag is illustrated in FIGURE 1. Although

such a tag has many uses, it may be particularly useful in association with an

EPCglobal network.

By adding battery power to the passive tag, items with tags that move through

a passive tag wake-up field can have their tags pre-programmed and their circuits pre-

charged for a faster and stronger return signal using the power of the on-board battery.

Improved EPC portal reliability results particularly with items for which the use of

passive tags is problematic, such as metal containers or containers holding fluids,

items where the tag is angled away from the direct line of sight of the reader, and/or

items where tags are not directly in line with the reader.

It may be desirable for circuitry 12 to send and/or receive data/signals on a

number of frequency bands. For example, the active and passive elements of tag 10

may communicate in a similar frequency range (for example, such a tag may transmit

and receive in the EPCglobal frequency range —860-960 MHz —and may also

communicate in typical active tag frequencies —such as around 900 MHz). For

example, circuitry 12 may comprise a multi-mode low power RF microcircuit with a

sensor interface targeted at RFED applications. Circuitry 12 may be capable of

operation in the 860-960 MHz band, as both a receiver and passive transmitter.

Depending on the application, circuitry 12 may be used to actively transmit in any of

three separate frequency bands (315MHz, 434 MHz, or 902-928 MHz). In a



particular embodiment, circuitry 12 comprises a single integrated circuit operable to

provide a suitable combination of active RPID operation, semi-active RFID operation,

and passive RFDD operation. A particular example of circuitry 12 that may be used is

the AIKMAN integrated circuit manufactured and sold by ACCESS

INTERNATIONAL, INC. A particular example of circuitry 12 that may be used is

described in co-pending U.S. Patent Application 11/615,743, filed December 22,

2006, and entitled "Hybrid Radio Frequency Identification (RFID) Tag System."

Tag 10 may include a battery 14 operable to supply power to semi-active and

or active RFID elements of circuitry 12. In certain embodiments, battery 14 is

coupled to the one or more semi-active or active elements of circuitry 12. This

coupling may be provided in any suitable manner such that battery 14 is able to

supply power to the active and/or semi-active RFID elements of circuitry 12. In

certain embodiments, battery 14 is implemented with a battery holder to allow battery

14 to be changed. Although described as a battery, the present invention

contemplates tag 10 including any other suitable type of power source.

Tag 10 includes a first antenna 16. Antenna 16 is operable to provide

electromagnetic transfer of information between RFID circuitry 12 and a tag tracking

system (e.g., a tag reader or interrogation device). In general, antenna 16 is operable

to provide for communication over multiple frequency bands. For example, antenna

16 may be an antenna that is shared by the various RFID elements of circuitry 12 to

provide communication on a number of frequency bands. The shape of antenna 16

and its arrangement with respect to the other components of tag 10 may be designed

so as to minimize the overall size of tag 10 and to optimize the radio-frequency

performance of antenna 16.

Antenna 16 may be coupled to the passive RFID elements and to the semi-

active RFID elements of circuitry 12 (as well as to the active RFED elements, if

appropriate). A shape of antenna 16 may define a first open area 18a and a second

open area 18b. A portion 17 of antenna 16 may separate circuitry 12 from battery 14.

In the particular embodiment illustrated in FIGURES IA and IB, antenna 16

is substantially S-shaped, this particular example being a reverse S-shape. An

additional example embodiment for antenna 16 according to the present invention is

described below with reference to FIGURE 2. The designs for antenna 16



contemplated by the present invention generally include first and second open areas

18 created by the design of the antenna, circuitry 12 being in one of the first and

second open areas 18 and battery 14 being in the other of the first and second open

areas 18. First and second areas 18 may be substantially separated by one or more

portions of the antenna (e.g., portion 17 of antenna 16). First and second open areas

18 may or may not be the same size.

In certain embodiments, the substantially S-shape of antenna 16 (and other

shapes described herein, as well as others contemplated by the present invention) may

make good use of the available tag area on a surface of tag 10, fitting neatly around

circuitry 12 and battery 14. The substantially S-Shape of antenna 16 may also

substantially maximize the effective aperture of antenna 16. The effective aperture of

an antenna, sometimes referred to as the capture area, is the frontal area from which a

receiving antenna extracts energy from passing electromagnetic waves. The effective

aperture of an antenna is typically larger than the physical size of the antenna.

Antenna 16 may comprise copper, aluminum, silver, or any other suitable

conductive material for use in an antenna. For example, antenna 16 may be

implemented as copper (or another suitable conductive material) tracks on a two-layer

printed circuit board. In certain embodiments, antenna 16 is a dipole antenna. For

example, antenna 16 may be an ultra-high frequency (UHF) dipole antenna. In

certain embodiments, antenna 16 is broadly omni-directional with no specific

polarization.

Antenna 16 may be operable to communicate in multiple frequency ranges. In

a particular example, antenna 16 is operable to communicate in each of the 315 MHz

frequency range, the 434 MHz frequency range, and the 860 MHz to 928 MHz

frequency range. Although tag 10 and its antenna 16 have been described as

communicating on particular example frequency bands, the present invention

contemplates tag 10 communicating on any suitable combination of frequency bands

and antenna 16 facilitating communication on those frequency bands. The size of

antenna 16 (i.e., its length, width, and thickness) depends on the requirements of a

particular application.

Tag 10 may include an inductive element 20, which may be implemented as a

printed line. In certain embodiments, inductive element 20 may be an inductive



antenna tuning loop. Inductive element 20 may be operable to perform certain

antenna matching functions for tag 10. For example, inductive element 20 may match

a transceiver with a fixed impedance (e.g., 50 ohms) to a load (feed line and antenna)

impedance that is unknown, complex, or otherwise does not match. The particular

implementation of inductive element 20 may vary according to the desired

application; however, in certain embodiments, inductive element 20 element may be

approximately 6 mm to approximately 8 mm in length. The larger size (e.g., 8 mm)

may result in a lower resonant frequency for antenna 16, and by selecting an

appropriate tuning capacitor value (e.g., 5.6 to 6.8 pF) and location, the frequency

range of 860 MHz to 928 MHz may be achievable.

In certain embodiments, tag 10 includes a low frequency (LF) antenna element

22. For example, LF antenna element 22 may be an LF coil antenna. As a particular

example, the LF coil antenna may comprise a single conductive loop. LF antenna

element 22 may be used as part of a low frequency (e.g., 126 KHz) transponder. LF

antenna element 22 (e.g., LF coil antenna) may provide magnetic (126 kHz)

capability to energize a portion or all of circuitry 12 of tag 10. The magnetization

may be initiated by radio waves generated by a tag reader of a tag tracking system.

This magnetization function may be performed through an inductive transfer of

electrical power from an outside device to circuitry 12.

Locating LF antenna element 22 away from the track of antenna 16 may be

desirable, as this may result in less interaction between antenna 16 and LF antenna

element 22. In certain embodiments, LF antenna element 22 (e.g., an LF coil

antenna) is located in one of open areas 18 (from a top-view perspective) created by

antenna 16. For example, LF antenna element 22 may be located such that it

substantially surrounds (from a top-view perspective) circuitry 12 or battery 14 in the

open area 18 in which circuitry 12 or battery 14 is located. In the illustrated example,

LF antenna element 22 substantially surrounds (from a top-view perspective) battery

14 in open area 18b. The location of LF antenna element 22 in one of open areas 18

(from a top-view perspective) may help minimize negative effects due to the presence

of both antenna 16 and LF antenna element 22.

Although illustrated as a rectangle surrounding battery 14, LF antenna element

22 may take any suitable shape (e.g., a shape substantially conforming to the shape of



the element (e.g., circuitry 12 or battery 14 that LF antenna element 22 is

surrounding) according to particular needs. In certain embodiments, LF antenna

element 22 may be positioned 2 mm above the plane of antenna 16, although the

present invention is not intended to be limited to such embodiments.

Moreover, although a particular placement and size of LF antenna element 22

is illustrated and primarily described, the present invention contemplates any suitable

size and placement for the LF antenna element 22. The size and placement of LF

antenna element 22 may affect the performance of antenna .16. For example, a

relatively large LF antenna element 22 (e.g., an LF antenna element 22 with a radius

large enough that LF antenna element 22 extends, from a top-view perspective,

beyond its associated open area 18 into the other open area 18) may have a significant

affect on the performance of antenna 16 relative to a smaller LF antenna element 22,

possibly lowering the resonant frequency of antenna 16 by more than 10% and

compromising the impedance match of antenna 16. Thus, in certain embodiments, a

relatively smaller LF antenna element 22 may be desirable, as it may be more

compatible with antenna 16.

For example, a relatively large LF coil antenna (even at 2 mm spacing) may be

undesirable for certain applications as the coil may appear as a short-circuited loop at

900 MHz and thus may act as a reflector, short-circuiting the E-field. Smaller LF coil

antennas may have a reduced impact, and an LF coil antenna positioned around

circuitry 12 (e.g., the PCB of circuitry 12) or battery 14 for example, may be more

suitable. In certain embodiments, the reduced LF coil radius of the smaller LF coil

may be compensated by using additional coil turns according to a square-law

relationship (though, in certain embodiments, this may result in some loss of range

performance). For example, for similar radiation resistance, a coil of half the radius

may require four times the number of turns. In certain embodiments, using battery 14

as a chock may improve the performance of the LF coil antenna.

In certain embodiments, LF antenna element 22 is a single-layer, rectangular

winding with the following characteristics: side A is 23 mm, side B is 27 mm, the

length of the winding is 0.2 mm, and the number of turns is 207. These

characteristics may result in 4.757 mH, which is within 1% of the 4.75 mH

specification. However, the size of LF antenna element 22 (i.e., the coil diameter,



thickness, and number of turns where LF antenna element 22 is a coil antenna)

depends on the requirements of a particular application.

In certain embodiments, battery 14 may have a battery packaging. It may be

desirable for the battery packaging to comprise a conductive material (e.g., metal),

which may allow the battery packaging to be used as a magnetic field enhancing

component. For example, the conductive material of the battery packaging may be

operable to shape and enhance magnetic fields. This may be similar to the enhancing

effect obtained from magnetic cores in transformers. Additionally or alternatively,

the battery packaging may be used as part of the design for antenna 16. For example,

the battery packaging may serve as a counterpoint for a monopole.

A portion or all of the components of tag 10 (e.g., circuitry 12, battery 14,

antenna 16, inducer 20, and LF antenna element 22 may be formed and/or located on

a common geometric plane. For example, the common geometric plane may

comprise a common substrate 24. Substrate 24 may comprise any suitable medium on

which the elements of tag 10 are formed or otherwise located. It should be noted that

the present invention contemplates the elements of tag 10 being formed across a

number of geometric planes (e.g., substrates 24)- if appropriate. The PCB may

comprise a Flame Resistant 4 (FR-4) PCB or any other suitable material.

Substrate 24 may have any suitable thickness, according to particular needs.

As a particular example, substrate 24 may be approximately 0.8 mm. In certain

embodiments, substrate 24 is a single-sided 0.8 mm thick FR4 PCB. The thickness of

substrate 24 may affect the performance of antenna 16. A relatively thicker substrate

24 may tend to lower the resonant frequency of antenna 16. For example, doubling

the thickness of the substrate 24 from 0.8 mm to 1.6 mm may lower the resonant

frequency of antenna 16 by 55 MHz. This resonance may be tunable using different

match components when retuning antenna 16 for different thicknesses of substrate 24.

In certain embodiments, the resonance-reduction effect is linear, correlating to a

variance of 6 MHz for a substrate thickness (of substrate 24) variance of 10%. In

certain embodiments, antenna 16 is designed to be robust and easy to manufacture in

that it is designed not to be overly sensitive to production variation in the form of

different substrate 24 thicknesses and resin mixes, as well as different track

thicknesses (e.g., copper track thicknesses).



In certain embodiments, tag 10 and its components may have the following

dimensions. Tag 10 may have an area (as viewed from the top) of approximately 40

mm x 73 mm. Circuitry 12 may have an area of approximately 30 mm x 25 mm.

Battery 14 may comprise a conductive disc (e.g., copper) having a diameter of

approximately 18 mm. Although particular dimensions have been described for

example purposes, the present invention contemplates tag 10 and its components

comprising any suitable dimensions according to particular needs.

In some scenarios, tag 10 may be used to tag a metal container or other

conductive surface. In certain embodiments, placing tag 10 in close proximity to a

conductive surface may compromise the performance of antenna 16. For example,

placing tag 10 in close proximity to a conductive surface may reduce the resonant

frequency and impair the impedance match of antenna 16. This may be particularly

true at 1 mm spacing between antenna 16 and the conductive surface. At 20 mm

spacing, however, the performance of antenna 16 may be much improved. Spacing

above 100 mm may have virtually no effect on the performance of antenna 16. Thus,

in certain embodiments, a spacing of less than 2 cm may have a detrimental effect on

the performance of antenna 16, while spacing of 10 cm or more may have virtually no

effect on the performance of antenna 16.

As described briefly above, in certain embodiments, antenna 16 provides

operation at a number of frequency bands. For example, antenna 16 may provide

operation in the 860 MHz to 928 MHz frequency range. As another example,

example, with no further matching, antenna 16 may also achieve gains of -7 dBi at

both 315 MHz and 433 MHz. Thus, antenna 16 may be a single antenna shared for all

three bands (e.g., 315 MHz, 433 MHz, and 860 MHz to 928 MHz). For example,

antenna 16 may be used in both the EPC (860 MHz to 928 MHz) band (where they

may be efficient) and, with little or no additional matching, in the 315 MHz and 434

MHz bands. In certain embodiments, while antenna 16 may be somewhat inefficient

at the lower frequency bands, it may offer some functionality as the matching section

is low-pass and so it will provide a low impedance connection to the antenna

structure.

Antenna 16 may be reasonably tolerant of matching component values. In

certain embodiments, antenna 16 is operable to achieve a bandwidth of 60 MHz. In



certain embodiments, to optimize performance for the 860MHz to 928 MHz portion

of the frequency band, some adjustment of the matching component value and

location may be made. Antenna 16 may achieve a bandwidth (to -6dB return loss) of

860 MHz to 928 MHz. In certain embodiments, the presence of battery 14 may lower

the resonant frequency of antenna 16 by around 2 MHz.

Referring to FIGURE IB, a cross-sectional view of example tag 10 of

FIGURE IA is illustrated. The cross section of tag 10 is sliced at dashed line 26 of

FIGURE 1, as viewed from the right. The elements of tag 10 in FIGURE IB are

labeled with the same reference numerals as were used in FIGURE IA.

For simplification, LF antenna element 22 is illustrated as a rectangular shape

in the cross-section view. It will be understood that in certain embodiments, such as

embodiments in which LF antenna element 22 is an antenna coil, LF antenna element

22 may be more appropriately viewed from the cross-section perspective as a number

of layers each associated with a corresponding turn of the coil. As can be seen, in this

example, LF antenna element 22 is positioned "above" the plane of other elements of

tag 10. In certain embodiments, a suitable distance between the LF antenna element

22 and the plane of antenna 16 is approximately 2 mm (as indicated at reference

numeral 30). However, the present invention is not intended to be so limited. For

example, LF antenna element 22 may include a coil that is etched or printed into

substrate 24, and a portion of the coil may not be above the plane of other elements of

tag 10. Moreover, although a single substrate layer of substrate 24 is illustrated, the

present invention contemplates tag 10 including any suitable number and types of

substrate layers 24.

FIGURE 2 illustrates a top view of another example RFID tag 50 that includes

a substantially W- or M-shaped antenna 16 designed according to certain

embodiments of the present invention. For purposes of simplicity, antenna 16 will be

referred to as M-shaped with reference to FIGURE 2, but one can see that it is simply

a matter of perspective whether the shape of antenna 16 is described as W-shaped or

M-shaped. The M-shape of antenna 16 provides another example embodiment of an

antenna according to the present invention. M-shaped antenna 16 may share many if

not all of the same properties described above with reference to S-shaped antenna 16

(other than its shape).



M-shaped antenna 16 includes first and second open areas 18 created by the

design of the antenna, circuitry 12 being in one of the first and second open areas 18

and battery 14 being in the other of the first and second open areas 18. First and

second areas 18 may be substantially separated by one or more portions of the antenna

(e.g., portion 20 of antenna 16). First and second open areas 18 may or may not be

the same size. In certain embodiments, tag 50 is particularly useful for EPC

applications.

FIGURE 3 illustrates an example method for forming an RFED tag 10 with an

antenna 16 designed according to certain embodiments of the present invention. In

general, the steps may be implemented using standard tag fabrication techniques to

implement the novel design of the present invention. For example, tag 12 may be

formed using suitable deposition, masking, doping, and etching techniques. The

elements of tag 10 (e.g., circuitry 12, battery 14, antenna 16, inductive element 20, LF

antenna element 20, or other suitable elements of tag 10) may be fabricated separately

from one another and assembled using an appropriate fabrication technique.

Alternatively, a portion or all of the elements of tag 10 may be fabricated using a

relatively unified fabrication process. Although the method is described primarily

with respect to RFID tag 10, the present invention contemplates the method being

used to form tag 50 or any other suitable type of tag, according to particular needs.

At step 300, substrate 24 may be provided. The forming of substrate 24 may

be accomplished in any suitable manner and may include forming one or more tracks

or vias in the surface of substrate 24. For example, a track for depositing one or more

conductive materials to be antenna 16 may be formed according to a design of the

present invention. The design may be an S-shape, M-shape (or W-shape), or any

other suitable shape that includes first and second open areas 18, as well as a portion

of the track separating the first and second open areas 18. These tracks may provide

locations for antenna 16, battery 14, and other suitable elements of tag 10.

At step 302, RFID circuitry 12 may be provided. RFID circuitry 12 may

include one or more integrated circuits for RFID functionality. In certain

embodiments, RFED circuitry 12 is operable to implement a hybrid RFID tag 10 that

is capable of providing, in any suitable combination, passive, semi-active, and active

RFID operation. At step 304, battery 14 may be provided. Although described as a



battery, the present invention contemplates use of any suitable type of power source.

In a particular embodiment, battery 14 comprises a conductive disc (e.g., a copper

disc).

At step 306, antenna 16 may be provided. For example, antenna 16 may be

provided by depositing a suitable conductive material in the track formed in step 300.

Antenna 16 may have a suitable shape (e.g., a substantially S-shape, W-shape, M-

shape, or other suitable shape) defining first and second open areas. The first and

second areas may be separated by a portion of antenna 16. Circuitry 12 may be

located in one of the open areas, and battery 14 may be located in the other open area.

In certain embodiments, one or more inductive elements may also be provided.

At step 308, an LF antenna element 22 may be provided. In certain

embodiments, LF antenna element 22 (e.g., an LF coil antenna) is located in one of

open areas 18 (from a top-view perspective) created by antenna 16. For example, LF

antenna element 22 may be located such that it substantially surrounds (from a top-

view perspective) circuitry 12 or battery 14 in the open area 18 in which circuitry 12

or battery 14 is located. In the illustrated example, LF antenna element 22

substantially surrounds (from a top-view perspective) battery 14 in open area 18b.

The location of LF antenna element 22 in one of open areas 18 (from a top-view

perspective) may help minimize negative effects due to the presence of both antenna

16 and LF antenna element 22.

Although a particular method has been described with reference to FIGURE 3,

the present invention contemplates any suitable method in accordance with the

present invention. Thus, certain of the steps described with reference to FIGURE 3

may take place substantially simultaneously and/or in different orders than as shown

and described.

Particular embodiments of the present invention may provide one or more

technical advantages. In certain embodiments, the present invention provides an

antenna 16 that is operable to provide for communication over multiple frequency

bands. For example, antenna 16 may be operable to provide for communication over

each of the following frequency bands: 315 MHz, 433 MHz, and 860 MHz to 960

MHz. In certain embodiments, antenna 16 may be shared by various RFID elements

of circuitry 12 for an RFID tag 10 to provide communication on a number of



frequency bands. In certain embodiments, in the case in which the active and passive

components of a hybrid tag communicate in a similar frequency range (for example,

such a tag 10 may transmit and receive in the EPCglobal frequency range —860-960

MHz - and may also communicate in typical active tag frequencies - such as around

900 MHz), a single antenna 16 may be shared by both of these components. The

shape of antenna 16 and its arrangement with respect to the other components of tag

10 may be designed so as to minimize the overall size of tag 10 and to optimize the

radio-frequency performance of antenna 16. In certain embodiments, antenna 16 is

designed to be robust and easy to manufacture in that it is designed not to be overly

sensitive to production variation in the form of different substrate 24 thicknesses and

resin mixes, and different track thicknesses (e.g., copper track thicknesses).

Although the present invention has been described with several embodiments,

diverse changes, substitutions, variations, alterations, and modifications may be

suggested to one skilled in the art, and it is intended that the invention encompass all

such changes, substitutions, variations, alterations, and modifications as fall within the

spirit and scope of the appended claims.



WHAT IS CLAIMED IS:

1. A hybrid radio frequency identification (RFID) tag, comprising:

circuitry comprising one or more passive RFID elements and one or more

semi-active RFID elements operable to transmit and receive communications to and

from one or more RFID tag tracking systems;

a battery coupled to the one or more semi-active elements;

a first antenna coupled to the passive RFED elements and to the semi-active

RFED elements, the first antenna comprising a shape that defines a first open area and

a second open area; and

wherein the circuitry is positioned within one of the first and second open

areas defined by the shape of the first antenna and the battery is positioned within the

other of the first and second open areas defined by the shape of the first antenna.

2. The RFED tag of Claim 1, wherein the shape of the first antenna

comprises a substantially S-shape.

3. The RFED tag of Claim 1, wherein the shape of the first antenna

comprises a substantially W-shape or M-shape.

4. The RFID tag of. Claim 1, wherein a portion of the first antenna

substantially separates on a common plane the first and second open areas defined by

the shape of the first antenna.

5. The RFID tag of Claim 1, wherein at least a portion of each of the

circuitry, the battery, and the first antenna are formed on a common substrate.

6. The RFED tag of Claim 1, wherein the first antenna comprises a printed

circuit board (PCB) trace.

7. The RFED tag of Claim 1, wherein the first antenna comprises an ultra

high frequency (UHF) dipole antenna.



8. The RFED tag of Claim 1, wherein the first antenna comprises a single

antenna shared between the one or more passive RFED elements and the one or more

semi-active RFED elements of the circuitry.

9. The RFED tag of Claim 1, wherein the first antenna is operable to

communicate within each of the following frequency bands:

315 MHz;

433 MHz; and

860 MHz to 928 MHz.

10. The RFED tag of Claim 1, comprising an inductive element coupled to

the first antenna and operable to perform a matching function for the RFED tag.

11. The RFED tag of Claim 1, comprising a second antenna in one of the

first and second open areas of the tag defined by the first antenna, the second antenna

comprising an LF antenna.

12. The RFED tag of Claim 11, wherein one or more of the following is

true:

the second antenna substantially surrounds the circuitry; and

the second antenna substantially surrounds the battery.

13. The RFED tag of Claim 11, wherein the second antenna comprises a

coil antenna.

14. The RFID tag of Claim 1, wherein the battery comprises a battery

packaging that comprises a material that is operable to enhance a magnetic field of the

first antenna.

15. The RFED tag of Claim 1, wherein the battery comprises a battery

packaging operable to serve as a counterpoint of a monopole.



16. A method for forming a radio frequency identification (RFID) tag,

comprising:

providing circuitry comprising one or more passive RFID elements and one or

more semi-active RFID elements operable to transmit and receive communications to

and from one or more RFID tag tracking systems;

providing a battery coupled to the one or more semi-active elements;

providing a first antenna coupled to the passive RFID elements and to the

semi-active RFDD elements, the first antenna comprising a shape that defines a first

open area and a second open area; and

wherein the circuitry is positioned within one of the first and second open

areas defined by the shape of the first antenna and the battery is positioned within the

other of the first and second open areas defined by the shape of the first antenna.

17. The method of Claim 16, wherein the shape of the first antenna

comprises one or more of the following:

a substantially S-shape; and

a substantially W-shape or M-shape.

18. The method of Claim 16, wherein a portion of the first antenna

substantially separates on a common plane the first and second open areas defined by

the shape of the first antenna.

19. The method of Claim 16, comprising providing at least a portion of

each of the circuitry, the battery, and the first antenna on a common substrate.

20. The method of Claim 16, wherein the first antenna comprises a printed

circuit board (PCB) trace.

2 1. The method of Claim 16, wherein the first antenna comprises an ultra-

high frequency (UHF) dipole antenna.



22. The method of Claim 16, wherein the first antenna comprises a single

antenna shared between the one or more passive RPID elements and the one or more

semi-active RFID elements of the circuitry.

23. The method of Claim 16, wherein the first antenna is operable to

communicate within each of the following frequency bands:

315 MHz;

433 MHz; and

860 MHz to 928 MHz.

24. The method of Claim 16, comprising providing an inductive element

coupled to the first antenna and operable to perform a matching function for the RFID

tag.

25. The method of Claim 16, comprising providing a second antenna in

one of the first and second open areas of the tag defined by the first antenna, the

second antenna comprising an LF antenna.

26. The method of Claim 25, wherein one or more of the following is true:

the second antenna substantially surrounds the circuitry; and

the second antenna substantially surrounds the battery.

27. The method of Claim 25, wherein the second antenna comprises a coil

antenna.

28. The method of Claim 16, wherein the battery comprises a battery

packaging that comprises a material that is operable to enhance a magnetic field of the

first antenna.

29. The method of Claim 16, wherein the battery comprises a battery

packaging operable to serve as a counterpoint of a monopole.



30. A hybrid radio frequency identification (RFID) tag, comprising:

circuitry comprising one or more passive RFID elements and one or more

semi-active RFID elements operable to transmit and receive communications to and

from one or more RFID tag tracking systems;

a battery coupled to the one or more semi-active elements;

a first antenna coupled to the passive RFID elements and to the semi-active

RFID elements, the first antenna comprising one of the following shapes:

a substantially S-shape; or

a substantially W-shape or M-shape;

wherein:

the shape of the first antenna defines a first open area and a second

open area; and

wherein the circuitry is positioned within one of the first and second

open areas defined by the shape of the first antenna and the battery is positioned

within the other of the first and second open areas defined by the shape of the first

antenna, a portion of the first antenna substantially separating on a common plane the

first and second open areas defined by the shape of the first antenna;

the RFID tag further comprises a second antenna in one of the first and

second open areas defined by the first antenna, the second antenna comprising an LF

antenna.

31. The RFID tag of Claim 30, wherein at least a portion of each of the

circuitry, the battery, and the first antenna are formed on a common substrate.

32. The RFID tag of Claim 30, wherein the first antenna comprises an

ultra-high frequency (UHF) dipole antenna.

33. The RFED tag of Claim 30, wherein the first antenna comprises a

single antenna shared between the one or more passive RFID elements and the one or

more semi-active RFID elements of the circuitry.



34. The RFED tag of Claim 30, wherein the first antenna is operable to

communicate within each of the following frequency bands:

315 MHz;

433 MHz; and

860 MHz to 928 MHz.

35. The RFID tag of Claim 30, wherein one or more of the following is

true:

the second antenna substantially surrounds the circuitry; and

the second antenna substantially surrounds the battery.

36. The RFDD tag of Claim 30, wherein the second antenna comprises a

coil antenna.
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