Office de la Propriete Canadian CA 2580333 A1 2006/03/23

Intellectuelle Intellectual Property
du Canada Office (21) 2 580 333
g,rngL%?Q;SQ:na " mfgtfy”%ya‘r’]; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2005/09/07 (51) CLInt./Int.Cl. HO07Q 1/22(2006.01),

HO1Q 5/00(2006.01), HO1Q 9/28 (2006.01)
(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2006/03/23
(85) Entree phase nationale/National Entry: 200//03/13 AVERY DENNISON CORPORATION US
(86) N° demande PCT/PCT Application No.: US 2005/031663

(72) Inventeurs/Inventors:
(87) N publication PCT/PCT Publication No.: 2006/031501 FARR, ADRIAN N.. GB:

(30) Priorité/Priority: 2004/09/13 (US60/609,375) FORSTER, IAN J., GB
(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : DISPOSITIF RFID AVEC INSENSIBILITE A LA POSITION
(54) Title: RFID DEVICE WITH POSITION INSENSITIVITY

(57) Abréegée/Abstract:

An RFID device (10) includes an antenna structure (12) that provides good performance throughout a range of different positions
relative to nearby materials, such as metallic objects In a carton or other container. The antenna structure has compensation
elements (24/26/30/32) that interact with the nearby materials to provide good performance over the range of different positions.
The compensation elements include both electrical compensation elements, which interact with the nearby materials primarily
using electric fields, and magnetic compensation elements, which interact with the nearby materials primarily using magnetic fields.
The electrical compensation elements and the magnetic compensation elements may be selected and may be positioned within
the antenna structure such that the performance of the antenna structure is substantially unchanged (or at least acceptable)
through the range of different positions.

. 1.\«.;. Yﬁ : 2 L '. --'-‘1'"
a2t Ba ey
BN 'n\. ".":\:s"._:‘:'\ o

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - CIPO 191




CA 02580333 2007-03-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [~
International Bureau %

(10) International Publication Number

WO 2006/031501 A1l

(43) International Publication Date
23 March 2006 (23.03.2006)

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HOIQ 1/22 (2006.01) HO1Q 5/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
HO10 9/28 (2006.01) AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

(21) International Application Number: GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,

PCT/US2005/031663 KG, KM, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
7 September 2005 (07.09.2005) SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.
(25) Filing Language: English
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(30) Priority Data: _
ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

60/609,375 13 September 2004 (13.09.2004) US
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(71) Applicant (for all designated States except US): AVERY FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
DENNISON CORPORATION [US/US]; 150 North Or- RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
ange Grove Boulevard, Pasadena, CA 91103 (US). GN, GQ, GW, ML, MR, NE, SN, 1D, TG).
(72) Inventors; and Published:
(75) Inventors/Applicants (for US only): FARR, Adrian, N. ——  Wwith international search report
[GB/GB]; The Mill House, Bran End, Dunmow Essex ~— before the expiration of the time limit for amending the
CM63S (GB). FORSTER, Ian, J. [GB/GB]; 31 Great claims and to be republished in the event of receipt of
Cob, Chelmsford Essex CM1 6LA (GB). amendments

(74) Agent: PLATT, Jonathan, A.; Renner, Otto, Boisselle &  For two-letter codes and other abbreviations, refer to the "Guid-

Sklar, LLP, 1621 Euclid Avenue, Nineteenth Floor, Cleve-  ance Notes on Codes and Abbreviations” appearing at the begin-
land, OH 44115 (US). ning of each regular issue of the PCT Gazette.

(54) Title: RFID DEVICE WITH POSITION INSENSITIVITY

|2\ 42~ 52 M
2l \ 22
\ .40 ¥

56 58

46°

50 54 48
44

(57) Abstract: An RFID device (10) includes an antenna structure (12) that provides good performance throughout a range of
different positions relative to nearby materials, such as metallic objects in a carton or other container. The antenna structure has
compensation elements (24/26/30/32) that interact with the nearby materials to provide good performance over the range of different
positions. The compensation elements include both electrical compensation elements, which interact with the nearby materials pri-
\& marily using electric fields, and magnetic compensation elements, which interact with the nearby materials primarily using magnetic
& fields. The electrical compensation elements and the magnetic compensation elements may be selected and may be positioned within
&S the antenna structure such that the performance of the antenna structure is substantially unchanged (or at least acceptable) through
the range of different positions.

/031501 A1 5L VT AT T NP0 00 A T T A A A

WO 2



CA 02580333 2007-03-13
WO 2006/031501 PCT/US2005/031663

RFID DEVICE WITH POSITION INSENSITIVITY

BACKGROUND OF THE INVENTION
FIELLD OF THE INVENTION
[0001] This invention relates to the field of radio frequency identification (RFID)

tags and labels.

DESCRIPTION OF THE RELATED ART

[0002] RFID tags and labels have a combination of antennas and analog and/or
digital electronics, which may include for example communications electronics, data
memory, and control logic. RFID tags and labels are widely used to associate an
object with an identification code. For example, RFID tags are used in conjunction
with security-locks in cars, for access control to buildings, and for tracking inventory
and parcels. Some examples of RFID tags and labels appear in U.S. Patent Nos.
6,107,920, 6,206,292, and 6,262,292, all of which this application Incorporates by
reference.

[0003] RFID tags and labels include active tags, which include a power source, and
passive tags and labels, which do not. In the case of passive tags, in order to
retrieve the information from the chip, a “base station” or “reader” sends an excitation
signal to the RFID tag or fabel. The excitation signal energizes the tag or fabel, and
the RFID circuitry transmits the stored information back to the reader. The “reader”
receives and decodes the information from the RFID tag. In general, RFID tags can
retain and transmit enough information to uniquely identify individuals, packages,
inventory and the like. RFID tags and labels also can be characterized as to those to
which information is written only once (aithough the information may be read
repeatedly), and those to which information may be written during use. For example,
RFID tags may store environmental data (that may be detected by an associated
sensor), logistical histories, state data, etc.

[0004] RFID tags and labels may communicate with a reader or other device
through use of an antenna, which may be used to both transmit and/or receive
information and/or energy. There is no simple definition of what constitutes an
antenna, as all dielectric and conductive objects interact with electromagnetic fields

(radio waves). What are generally called antennas are simply shapes and sizes that
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generate a voltage at convenient impedance for connection to circuits and devices.
Almost anything can act to some degree as an antenna. However, there are some
practical constraints on what designs can be used with RFID tags and labels.

[0005] First, reciprocity is a major consideration in making a design choice. This
means that an antenna which will act as a transmitter, converting a voltage on its
terminal(s) into a radiated electromagnetic wave, will also act as a receiver, where
an incoming electromagnetic wave will cause / induce a voltage across the terminals.
Frequently it is easier to describe the transmitting case, but, in general, a good
transmit antenna will also work well as a receive-antenna (like all rules, there are
exceptioné at lower frequencies, but for UHF, in the 900MHz band and above where
RFID tags and labels commonly operate, this holds generally true).

[0006] Nevertheless, even given the above, it is difficult to determine what is a
"good" antenna, other than to require that it is one that does what you want, where
you want and is built how you want it to be.

[0007] However, there are some features that are useful as guides in determining
whether or not an antenna is "good" for a particular purpose. When one makes a
connection to an antenna, one can measure the impedance of the antenna at a
given frequency. Impedance is generally expressed as a composite of two parts; a
resistance, R, expressed in ohms, and a reactance, X, also expressed in ohms, but
with a ‘' factor in front to express the fact that reactance is a vector quantity. The
value of jX can be either capacitive, where it is a negative number, or inductive,
where it is a positive number.

[0008] Having established what occurs when one measures the impedance of an
antenna, one can consider the effect of the two parts on the antenna’s suitability or
performance in a particular situation.

[0009] Resistance R is actually a composite of two things; the loss resistance of the
antenna, representing the tendency of any signal applied to it to be converted to
heat, and the radiation resistance, representing energy being ‘lost’ out of the antenna
by being radiated away, which is what Is desired in an éntenna. The ratio of the loss
resistance and the radiation resistance is described as the antenna efficiency. A low
efficiency antenna, with a large loss resistance and relatively small radiation
resistance, will not work weli in most situations, as the majority of any power put into

it will simply appear as heat and not as useful electromagnetic waves.
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[0010] The effects of Reactance X are slightly more complex than that for
Resistance R. Reactance X, the inductive or capacitive reactance of an antenna,
does not dissipate energy. In fact, it can be lessened, by introducing a resonant
circuit into the system. Simply, for a given value of +jX (an inductor), there is a value
of —jX (a capacitor) that will resonate / cancel it, leaving just the resistance R.

[0011] Another consideration is bandwidth, frequently described using the term Q
(originally Quality Factor). To understand the effect of bandwidth, it is not necessary
to understand the mathematics; simply, if an antenna has a value of +jX or —X
representing a large inductance or capacitance, when one resonates this out it will
only become a pure resistance over a very narrow frequency band. For example, for
a system operating over the band 902MHz to 928MHz, if a highly reactive antenna
were employed, it might only produce the wanted R over a few megahertz. In
addition, high Q / narrow band matching solutions are unstable, in that very small
variations in component values or designs will cause large changes in performance.
So high Q narrowband solutions are something, in practical RFID tag designs, to be
avoided.

[0012] An RFID tag, in general, consists of 1) an RFID chip, containing rectifiers to
generate a DC power supply from the incoming RF signal, logic to carry out the
identification function and an impedance modulator, which changes the input
impedance to cause a modulated signal to be reflected; and, 2) an antenna as
described above.

[0013] Each of these elements has an associated impedance. If the chip
impedance (which tends to be capacitive) and the antenna impedance (which is
whatever it is designed to be) are the conjugate of each other, then one can simply
connect the chip across the antenna and a useful tag is created. For common RFID
chips the capacitance is such that a reasonably low Q adequate bandwidth match
can be achieved at UHF or other appropriate frequencies.

[0014] However, sometimes it is not so simple to meet operational demands for the
tag due to environmental or manufacturing constraints, and then other ways of
achieving a good match must be considered. The most common method of
maintaining a desired impedance match, is to place between the antenna and chip
an impedance matching network. An impedance matching network is usually a

network of inductors and capacitors that act to transform both real and reactive parts
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of the input impedance to a desired level. These components do not normally
include resistors, as these dissipate energy, which will generally lead to lower
performance.

[0015] Difficulties can arise in impedance matching, because the impedance
characteristics of an antenna may be affected by its surroundings. This may in turn
affect the quality of the impedance matching between the antenna and the RFID
chip, and thus the read range for the RFID tag.

[0016] The surroundings that may affect the characteristics of the antenna include
the substrate material upon which the antenna is mounted, and the characteristics of
other objects in the vicinity of the RFID tag. For example, the thickness and/or
dielectric constant of the substrate material may affect antenna operation. As
another example, placement of conducting or non-conducting objects near the tag
may affect the operating characteristics of the antenna, and thus the read range of
the tag.

[0017] An antenna may be tuned to have desired characteristics for any given
configuration of substrate and objects placed around. For example, if each tag could
be tuned individually to adjust the arm length and/or add a matching network,
consisting of adjustable capacitors and inductors, the tag could be made to work
regardless of the dielectric constant of the block. However, individual tuning of
antennas would not be practical from a business perspective.

[0018] As discussed above, frequently designers optimize tag performance for “free
space," a datum generally given a nominal relative dielectric constant of 1. However,
in the real world, the objects the labels are attached to frequently do not have a
dielectric constant of 1, but instead have dielectric constants or environments of
nearby objects that vary widely. For example, a label having a dipole antenna
designed and optimized for free space that is instead attached to an object having a
dielectric constant that differs from that of free space, will suffer a degraded
performance, usually manifesting itself as reduced operational range and other
inefficiencies as discussed above. :

[0019] Therefore, while products having differing fixed dielectric constant
substrates can be accommodated by changing the antenna design from the ‘free
space’ design to incorporate the new dielectric constant or to compensate for other

objects expected to be nearby the tag, this design change forces the tag
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manufacturer to produce a broader range of labels or tags, potentially a different type
for each target product for which the tag may be applied, hence increasing costs and
forcing an inventory stocking problem for the tag manufacturers.

[0020] When the tags are to be used on different types of materials that have a
range of variable dielectric constants, the best design performance that can be
achieved by the tag or label designer is to design or tune the tag for the average
value of the range of dielectric constants and expected conditions, and accept
degraded performance and possible failures caused by significant detuning in
specific cases.

[0021] It will be appreciated that improvements would be desirable with regard to

the above state of affairs.

SUMMARY OF THE INVENTION
[0022] According to an aspect of the invention, an antenna structure includes both
electrical compensation elements and magnetic compensation elements.
[0023] To the accomplishment of the foregoing and related ends, the invention
comprises the features hereinafter fully described and particularly pointed out in the
claims. The following description and the annexed drawings set forth in detail certain
illustrative embodiments of the invention. These embodiments are indicative,
however, of but a few of the various ways in which the principles of the invention
may be employed. Other objects, advantages and novel features of the invention
will become apparent from the following detailed description of the invention when

considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] In the annexed drawings, which are not necessarily according to scale:
[0025] Fig. 1 is a schematic diagram of an RFID device with an antenna structure in
accordance with the present invention;
[0026] Fig. 2 is a plan view of one embodiment of an antenna structure in
accordance with the present invention;
[0027] Fig. 3 is a plan view illustrating one possible placement of an RFID device

with the antenna structure of Fig. 2, relative to a row of objects;
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[0028] Fig. 4 is a plan view illustrating another possible placement of an RFID
device with the antenna structure of Fig. 2, relative to the row of objects;

[0029] Fig. 5 is a plan view of one embodiment of an antenna structure in
accordance with the present invention;

[0030] Fig. 6 is a plan view of an electrical compensation element used in the
antenna structure of Fig. 5;

[0031] Fig. 7 is a plan view of another electrical compensation element used in the
antenna structure of Fig. 5;

[0032] Fig. 8 is a plan view of a magnetic compensation element used in the
antenna structure of Fig. 5;

[0033] Fig. 9 is a plan view of an alternate embodiment magnetic compensation
element usable in the antenna structure of Fig. 5;

[0034] Fig. 10 is a plan view of a combined electrical and magnetic compensation
element used in the antenna structure of Fig. 5;

[0035] Fig. 11 is a plan view of capacitor shown mounted on a dielectric material;
[0036] Fig. 12 is a plan view of one type of adaptive element for use in the present
invention, an inter-digital capacitor;

[0037] Fig. 13 is a side view taken along the adaptive element of Fig. 12;

[0038] Fig. 14 is a side view similar to that of Fig. 13 where the capacitor Is
mounted on a thicker material than that of the capacitor in Fig. 13;

[0039] Fig. 15 is a plan view of another type of adaptive element usabie with the
present invention, a meander inductor;

[0040] Fig. 16 is a plan view of an RFID tag structure using meander inductors;
[0041] Fig. 17 is a plan view of an RFID tag structure embodying similar to that
shown in Fig. 16, where the tag is mounted on a thicker material than that of the tag
in Fig. 16;

[0042] Fig. 18 is an RFID tag incorporating a folded dipole antenna structure;
[0043] Fig. 19 is an antenna structure that embodies the present invention to
reduce its effective length as the dielectric constant of the material on which it is
mounted varies;

[0044] Fig. 20 is a plan view of one embodiment of an adaptive antenna structure

usable with the present invention; and
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[0045] Fig. 21 is a plan view of another embodiment of an adaptive antenna

structure which has compensation elements usable with the present invention.

DETAILED DESCRIPTION
[0046] An RFID device includes an antenna structure that provides good
performance throughout a range of different positions relative to nearby materials,
such as metallic objects in a carton or other container. The antenna structure has
compensation elements that interact with the nearby materials to provide good
performance over the range of different positions. The compensation elements
include both electrical compensation elements, which interact with the nearby
materials primarily using electric fields, and magnetic co'mpensation elements, which
interact with the nearby materials primarily using magnetic fields. The electrical
compensation elements and the magnetic compensation elements may be selected
and may be positioned within the antenna structure such that the performance of the
antenna structure is substantially unchanged (or at least acceptable) through the
range of different positions. The nearby materials may include dielectric and/or
electrically conductive materials that present geometric variations in the environment
near the RFID device as the device is moved through the range of different
orientations. The geometric variations may include periodic variations, such as in a
carton of metal cans lined up one next to another. Alternatively, the geometric
variations may have some non-periodic or essentially random aspect, such as for a
qarton or container of metal objects located at random positions within a dielectric
packing material.
[0047] The range of different positions may be a one-dimensional range of
positions, for example allowing the RFID device to be placed having a given
orientation anywhere along a side of a carton or container with a side-by-side row of
cans behind the side of the carton or container. The performance of the RFID device
may be essentially the same whether a mid-point of the device is placed over one or
the cans, or over a space between a pair of adjacent cans. The one-dimensional
range of positions may be to center the antenna structure of the RFID device
anywhere along a line (or a series of parallel lines), in a given orientation relative to

objects or a carton or container.
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[0048] Alternatively, fhe range of different positions may be a two-dimensional
range of positions, for example allowing the RFID device to be placed substantially
anywhere along a side of a carton or container with a side-by-side row of cans
behind the side of the carton or container. The range of positions may also be a two-
dimensional range of positions when the expected environment is non-periodic or
random in placement of electrically-conductive and dielectric objects. The two-
dimensional range of positions may involve placing the RFID device substantially
anywhere on a carton or container, at any orientation or in any of a range of
orientations. The two-dimensional range of positions may involve translations in one
or more spatial dimensions, and/or rotation into any of a variety of orientations. A
further possibility for the range of positions may include invariance of performance in
three spatial dimensions.

[0049] The number and placement of compensation elements within the antenna
structure may vary, depending upon what environment is expected for the RFID
device. It will be appreciated that the arrangement of compensation elements may
be more complicated for an RFID device able to achieve acceptable performance
over a two-dimensional range of positions, in comparison with a device only able to
handle a one-dimensional range of positions.

[0050] Before proceeding to a description of the RFID device itself, some relevant
definitions are provided of terms and phrases used herein. A "transponder chip" or
"chip” is definéd as a device for providing suitable interaction, through an antenna,
for communication with an external device, such as a reader. A chip may include
any of a variety of suitable electrical components, such as resistors, capacitors,
inductors, batteries, memory devices, and processors. It will be appreciated that a
large variety of transponder chips for RFID devices are widely known. The term
“transponder chip” is intended to encompass the broad range of such devices, which
may vary widely in complexity and functionality.

[0051] The antenna described below includes a plurality of compensation or
compensating elements. These are elements that compensate to some extent for
changes in operating characteristics of antenna elements of the antenna, due to the
interaction of the antenna elements and surrounding materials, such as contents of a
carton upon which a label including the antenna is placed. The change in operating

characteristics of the antenna elements may manifest itself, for example, in the
8



CA 02580333 2007-03-13
WO 2006/031501 PCT/US2005/031663

antenna elements becoming reactive; the radiation resistance of the antenna
elements changing, which may cause the antenna efficiency, expressed as the ratio
of radiation resistance to the sum of loss resistance and radiation resistance, to drop;
and, as a result of the above, the impedance match between the RFID chip and
antenna elements may degrade, leading to mismatch loss and hence loss of
optimum frequency operating range for the antenna structure. To mitigate these
effects on the antenna elements, the compensating elements may: 1) introduce an
impedance matching network between the chip and antenna which impedance
matches the ftwo, maximizing power transfer between the chip and the antenna
elements; and/or 2) change the effective length of the antenna elements so it stays
at the resonant condition. These methods may be used separately, or may be used
in combination to form a hybrid of the two. Various examples of compensating
elements are discussed herein, although it will be appreciated that other types of
compensation elements may be utilized.
[0052] The compensation elements may include both electrical compensation
elements, which interact with the nearby materials primarily using electric fields, and
magnetic compensation elements, which interact with the nearby materials primarily
using magnetic fields. The electrical compensation elements interact with nearby
materials primarily capacatively. The interaction between the compensation
elements and the nearby materials is a near-field or short-range coupling, as
opposed to a far-field or long-range coupling. Primarily, the antenna as a whole is
used for long-range far-field RF coupling to external devices, such as suitable
readers. The far field, as used herein, refers to a distance greater than on the order
of 15 mm from an RF-energy emitting device, such as a device that emits UHF RF
energy. Coupling of an RFID device in the far field is also referred to as “long-range
coupling.” The near field, where short-range coupling may occur, is defined as within
on the order of 15 mm from an RF-energy emitting device. A more precise boundary
of between the near field and the far field may be A/21r, where A is the wavelength of
the RF energy of the RF coupling. For RF of energy of 915 MHz, the boundary
between the near field and the far field would be about 52 mm from the device, using
this definition.
[0053] The antenna structure is defined herein as having "substantially invariant”
performance throughout a range of position. It will be appreciated that "substantially
O
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invariant" performance may be defined with regard to an environment into which the
antenna structure is placed, and with regard to a test protocol for quantifying antenna
performance. One such environment and protocol for quantifying antenna
performance is described below.

[0054] Fig. 1 schematically illustrates an RFID device 10 that has an antenna
structure (or antenna) 12 on a substrate 14, and an interposer 18 operatively
coupled to the antenna structure 12. The interposer 18 includes a chip 20 that is
operatively coupled to the antenna structure 12 to enable communication between
the RFID device 10 and an external device, such as a suitable reader or detector.
The operative coupling between the chip 20 and the antenna structure 12 may be by
any of a variety of suitable mechanisms. The chip 20 may be directly electrically
connected to the antenna structure 12, for example utilizing electrically conductive
leads on the interposer. Alternatively or in addition, the chip 20 may be indirectly
electrically connected to the antenna structure 12, by using of capacitive and/or
‘magnetic coupling.

[0055] The antenna structure 12 includes a pair of antenna elements 21 and 22.
Each of the antenna elements includes respective plural compensation elements
(also referred to herein as “compensating elements” or “adaptive elements”), the
antenna element 21 including compensation elements 24 and 26, and the antenna
element 22 includes compensation elements 30 and 32. As described above, the
compensation elements compensate to some extent for changes in operating
characteristics of antenna elements of the antenna, due to the interaction of the
antenna elements and surrounding materials, such as contents of a carton upon
which a label including the antenna is placed. The pairs of compensation elements
24/26 and 30/32 may each include both electrical compensation elements, which
interact with the nearby materials primarily using electric fields, and magnetic
compensation elements, which interact with the nearby materials primarily using
magnetic fields. The pairs of compensation elements 24/26 and 30/32 may each be
configured such that one compensation element of the pair affects performance of
the corresponding antenna element in one direction, and the other compensation
element of the pair affects performance of the antenna element in an opposite
direction. The net effect may be that each compensation element pair 24/26 and

30/32 provides a net effect to make the corresponding antenna element 21 and 22 at
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least relatively stable in operation as it is moved throughout a range of positions with
respect to background objects. For example, one of the compensation elements of
each pair 24/26 and 30/32 may be an electrical compensation element, which is
sensitive to the dielectric properties of surrounding materials, and the other
compensation element of each pair may be a magnetic compensation element,
which is sensitive to the conductive properties of surrounding materials. The
compensation elements 24/26 and 30/32 may be placed within the antenna elements
21 and 22 at locations such that when an electrical compensation element is
encountering a surrounding environment causing it to affect antenna performance in
one way (say, by changing gain or operating frequency), the other compensation
element is encountering a surrounding environment that causes it o have an
opposite effect on system performance. By selectively distributing the compensation
elements 24/26 and 30/32 along the antenna elements, substantially invariant
performance for the antenna structure 12 may be achieved, at least for a range of
positions for a given environment.
[0056] The compensation elements 24/26 and 30/32 are shown in Fig. 1 as
discrete elements within the antenna elements 21 and 22. However, it will be
appreciated that the compensation elements 24/26 and 30/32 may share the same
space or overlap in each of the antenna elements 21 and 22. Moreover, it will be
appreciated that the antenna elements 21 and 22 may each include any suitable
number of compensation elements, positioned at any of a variety of suitable
locations within the antenna elements 21 and 22. In addition, individual of the
compensation elements may by coupled to both of the antenna elements 21 and 22,
and interact with both elements to affect performance of both antenna elements 21
and 22.
[0057] Examples of suitable materials for the substrate 14 include, but are not
limited to, high Tg polycarbonate, polyethylene terephthalate (PET), polyarylate,
polysulfone, a norbornene copolymer, poly phenylsulfone, polyetherimide,
polyethylenenaphthalate (PEN), polyethersulfone (PES), polycarbonate (PC), a
phenolic resin, polyester, polyimide, polyetherester, polyetheramide, cellulose
acetate, aliphatic polyurethanes, polyacrylonitrile, polytrifluoroethylenes,
polyvinylidene fluorides, HDPEs, poly(methyl methacryiates), a cyclic or acyclic
polyolefin, or paper.

11
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[0058] The antenna 12 may include any of a wide variety of conductive materials,
placed on the substrate 14 in any of a variety of suitable ways. The antenna 12 may
be formed of conductive ink printed on or otherwise deposited on the substrate 14.
Alternatively, the antenna 12 may be an etched conductive material that Is
adhesively or otherwise adhered to the substrate 14. Other possible alternatives for
formation of the antenna 12 include deposition methods such as vapor deposition or
sputtering, and plating methods such as electroplating.

[0059] Examples of suitable interposers include an RFID interposer available from
Alien Technologies, and the interposer marketed under the name I-CONNECT,
available from Philips Electronics. Use of the interposer 18 may facilitate operative
coupling of the chip 20 and the antenna structure 12. It will be appreciated that
alternatively the chip 20 may be directly coupled to the antenna structure 12, without
use of the interposer 18.

[0060] Fig. 2 shows details of one embodiment of the antenna structure 12. The
antenna structure 12 includes a gap 40 between the antenna elements 21 and 22,
for coupling of an interposer or chip to the antenna elements 21 and 22. The
antenna elements 21 and 22 include respective feed lines 42 and 44 that provide an
electrically-conductive link between the gap 40 and respective conductive areas 46
and 48 of the antenna elements 21 and 22. The antenna structure 12 also includes
conductive inductor lines 49 and 50 that electrically couple the feed lines 42 and 44
together.

[0061] The feed lines 42 and 44 include meanders or turns 52 and 54, such that
parts of the feed lines 42 and 44 pass close to other parts of the feed lines 42 and
44, and the parts are able to electrically interact with one another. This electrical
interaction causes a change in electrical properties of the feed lines 42 and 44,
depending upon the amount and type of dielectric material in the vicinity of the feed
lines 42 and 44.

[0062] The conductive areas 46 and 48 have tapered shapes, being relatively
narrow at the proximal ends where they connect to the feed lines 42 and 44, and
being relatively wide at their distal ends 56 and 58. The change of width of
conductive areas 46 and 48 may increase with constant slope from the proximal
ends to the distal ends 56 and 58. The ends 56 and 58 of the conductive areas 46

and 48 may be shaped in order to interact, through electric fields, with nearby
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dielectric materials. As shown in Fig. 2, the ends 56 and 58 are curved. However,
the distal ends may alternatively have a wide variety of other non-straight shapes, for
example being notched.

[0063] The conductive inductor lines 49 and 50 allow flow of current between the
antenna elements 21 and 22. Current flow in the inductor lines 49 and 50 generates
a local magnetic field that may interact with nearby electrically conductive objects or
materials. ',

[0064] Thus the antenna structure 12 includes at least three types of compensation
elements: 1) the feed lines 42 and 44 with their meanders or turns 52 and 54, which
are electrical compensation elements; 2) the curved ends 56 and 58 of the tapered
conductive areas 46 and 48, which also are electrical compensation elements; and
3) the conductive inductor lines 49 and 50, which function as magnetic compensation
elements. The antenna structure 12 may have an overall length (between the distal
ends 56 and 58) of 140mm, and an overall width of about 25mm, with a width of the
conductive inductor lines 49 and 50 of about 5mm, although it will be appreciated
that these dimensions are only for a single specific embodiment, and that the
antenna structure 12 may have other suitable dimensions.

[0065] The various compensation elements of the antenna structure 12 cooperate
to achieve a degree of position insensitivity in placement of an RFID device that
includes the antenna structure 12. Figs. 3 and 4 illustrate an RFID device 10 In a
pair of different positions relative to a row of objects 64. The objects 64 may be
65mm-diameter soft drink cans lined up in a row, such as in a carton upon which an
RFID label is to be placed. Fig. 3 shows the RFID device placed with its center 70
between a pair of adjacent objects 64, the center 70 being placed along a triangular
air space 72. The antenna tips 56 and 58 are also located along similar air spaces
73 and 74. Fig. 4 shows the antenna structure 12 located such that the center 70
and the tips 56 and 58 are located closest to the objects 64.

[0066] In testing of an RFID device using the antenna structure 12 shown in Fig. 2,
moving the RFID device 10 from the position of Fig. 3 to that of Fig. 4 resulted in a
reduction of operating frequency by about 1%, from 897MHz to 888MHz. The RFID
device was readable at a distance of 2.7m in the position of Fig. 3, and was readable

at a distance of 2m in the position of Fig. 4.
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[0067] In contrast, movement of an RFID device with a previous antenna structure
from the position of Fig. 3 to the position of Fig. 4 resulted in a reduction of operating
frequency from 887MHz to below 755MHz. The previous antenna structure was
readable at a distance of 2m in the position of Fig. 3, but was not readable at all in
the position of Fig. 4. (This previous antenna structure is shown in Fig. 21, and is
discussed further below in connection with that figure.)

[0068] From these results it is seen that the RFID device 10 using the antenna
structure 12 of Fig. 2 was substantially invariant to position with the length of the
RFID device 10 substantially perpendicular to the axes of the objects 64.

[0069] I[n testing RFID devices the device was placed on a product or simulated
product environment, at a known distance from a reader system antenna. The level
of attenuation was determined for which the device responded. This level was used
to predict the range for which the RFID device could be read or otherwise detected.
For example, if the RFID device read at 6dB added attenuation at a range of 1m, it
would be predicted to be read at 0dB at 2m, since the attenuation due to free space
attenuation propagation obeys a square law and increases by 6dB for every doubling
of the distance between the reader and the RFID device. By maintaining the same
distance between the RFID device and the reader, and determining the attenuation,
effects, such a multi-path propagation may be avoided.

[0070] The antenna structure of an RFID device may be considered “position
insensitive” over a range of positions if its performance (gain) over the range of
positions varies by no more than a given amount, such as 3dB or 6dB. Testing of
gain could be performed at a given frequency or frequency range of interest, such as
from 902MHz to 928MHz or from 860MHz to 880MHz. As noted In the previous
paragraph, such a measure provides an indication of the performance and range of
the RFID device. Thus the position insensitivity of a device that includes the antenna
structure may alternatively be expressed as invariance in read range for a given
environment, over a given range of frequency. Variations in read range less than a
given amount, for example 50%, may be taken as indicating position insensitivity or
invariance in the antenna structure.

[0071] As another possible measure of position insensitivity, the antenna structure
of an RFID device may be considered “position insensitive” over a range of positions

if its frequency varies by no more than a given amount (e.g., 20MHz or 10MHz) or
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proportion (e.g., 10%, 5%, or 2%). Other measures of position insensitivity or
position invariance could be employed, such as tests measuring the energy
absorbed by the RFID device.

[0072] Tests have been described above with regard to a single environment of a
row of cans, separated from the RFID device 10 by a layer of cardboard. Such a test
simulates performance of an RFID label placed on a carton. However, it will be
appreciated that many other possible environments for RFID devices are possible,
including environments with different arrays of periodic placement of objects,
environments with non-periodic placement of given objects, and environments which
include placements of different types of objects, having different characteristics.
[0073] Fig. 5 shows another embodiment antenna structure 12 that is configured to
provide good performance over a multiple dimension range of positions. The
antenna structure 12 includes antenna elements 21 and 22, with a chip 20 coupled
to the antenna elements 21 and 22. The antenna elements 21 and 22 each have
multiple tapered electrical compensation elements 80, open loop magnetic
compensation elements 82, and combined electrical and magnetic compensation
elements 84. :
[0074] Figs. 6 and 7 show two examples of tapered electrical compensation
elements 80, with Fig. 6 showing a single tapered electrical compensation element
80, and Fig. 7 showing a pair of tapered electrical compensation elements 80 In
proximity to one another to create a combined electrical compensation element 86.
The compensation elements interact with nearby dielectric materials, primarily
through electrical fields.

[0075] Fig. 8 shows an enlarged view of one of the open loop magnetic
compensation elements 82. The conductive material of the open loop magnetic
compensation element 82 encloses a circular area 90. Current flowing through the
conductive material of the open loop magnetic compensation element 82 sets up a
magnetic field that interacts with nearby electrically conductive materials, primarily
through magnetic fields.

[0076] Fig. 9 shows an alternative open loop magnetic compensation element 82°
that may be used in place of the open loop magnetic compensation element 82 of
Fig. 9. The open loop magnetic compensation element 82’ substantially encloses a

rectangular area 90’. As with the compensation element 82, current flowing through
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the conductive material of the open loop magnetic compensation element 82,
around the area 90’, sets up a magnetic field that may interact with nearby
electrically-conductive objects or materials.

[0077] Fig. 10 shows an enlarged view of one of the combined electrical and
magnetic compensation elements 84. The element 84 includes a loop 92 that
substantially encloses an area 94, such that current flow through conductive material
of the element 84 sets up a magnetic field that interacts with nearby electrically-
conductive objects or materials. At ends of the loop 92, the conductive material of
the element 84 has tapered portions 96 that approach each other, leaving a gap 98
between them at their closest approach. The conductive material on either side of
the gap 98 interacts with an electrical field interaction that is dependent on nearby
dielectric material. Thus the combined compensation element 84 also interacts with
surrounding materials through electrical field interactions.

[0078] The antenna structure 12 of Fig. 5 has multiple compensation elements in
different orientations. This increases complexity of the antenna structure, but may
allow increased flexibility in locating the antenna structure 12 relative to nearby
objects, while still achieving acceptable performance of the antenna structure 12. To
illustrate, the antenna structure 12 of Fig. 2 may achieve only a one-dimensional
range of positions, being required for example to be located with a given orientation
relative to nearby objects, for example substantially perpendicular to the axes of the
objects 64 (Figs. 3 and 4), while being able to be shifted anywhere along a line along
the length of the antenna structure. In contrast, the antenna structure 12 of Fig. 5
may be capable of acceptable performance over a multi-dimensional range of
positions, for example being able to be placed substantially anywhere on a side of a
carton of soft drink cans, without regard to positioning between or over cans, and
without regard to orientation relative to the axes of the cans.

[0079] What follows now are descriptions of various types of compensation
elements that may be included as compensation elements in antenna structures
having suitably invariant performance over a range of positions. Although several
broad types of compensation elements are discussed below, it will be appreciated
that the broad types discussed do not exhaust the varieties of various types of
electrical and magnetic compensation elements that may be incorporated into the

antenna structure 12. At least some of the compensation elements described below
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are also disclosed in PCT Application No. PCT/US04/11147, which is herein
incorporated by reference'in its entirety. As such, the individual compensation
elements discussed below (but not their combination as described above) have been
disclosed previously.

[0080] One general type of compensation element 130 is a capacitor 150,
llustrated in Fig. 11. The capacitor 150 includes a pair of conductive plates 152 and
154 mounted or printed on a dielectric substrate 156. The capacitance between
these plates is a function of the separation, size and, importantly, the dielectric
constant of the substrate. In general, as the relative dielectric constant (E; )
increases, so will the capacitance C between the plates.

[0081] One specific type of capacitor that embodies the present invention is shown
in Fig. 12. The capacitor 158 shown there is formed by the cross coupling of
electromagnetic fields formed between the capacitor “fingers” 160 and 162 on a
dielectric 164. The capacitor 158 is referred to herein as an inter-digital capacitor.
The capacitance and other characteristics of the capacitor 158 are generally a
function of the spacing between the fingers 160 and 162, the number of fingers, the
dimensions of the fingers 160 and 162, and the dielectric constant of the dielectric
material 164, on which the capacitor 158 is attached. It will be appreciated that the
characteristics of the capacitor 158 will also be a function of other nearby dielectric
materials, allowing the capacitor 158 to interact with nearby dielectric materials
through electric fields. "

[0082] Figs. 13 and 14 illustrate the electric field around the capacitor 158 for two

different dielectric substrates 164. Fig. 13 shows the capacitor 158 on a relatively

thin substrate 166, such as a 100um polyester layer. Fig. 14 shows the capacitor
158 and the thin substrate 166 on a relatively thick substrate 168, such as a 30mm
thick dielectric block or slab having a dielectric constant between 2 and 7.

[0083] For the condition shown in Fig. 13, the inter-digital capacitor 158 is
essentially in air, with the dielectric constant between the alternate fingers 160 and
162 being that of the thin substrate 166. Capacitance between fingers of the
capacitor is a function of the dielectric constant around the fingers as the electric
field spreads out, so it will have an initial value of C;.

[0084] In the condition in Fig. 14, the electric field also is flowing in the block, and

hence there is cross coupling between fingers of the capacitor. The capacitance C-
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is affected by the presence of the block, in particular by the dielectric constant of the
material. Thus this arrangement comprises a component having a capacitance (C)
that is a function of the relative dielectric constant of the block on which it is
mounted, i.e., C = f(E;), where E; is the relative dielectric constant of the block. As
the dielectric constant of the block increases, the capacitance increases. The
component capacitance will also be a function of the block thickness as a thinner
block will have less of an electromagnetic field in it, so will, for a given E;, increase
the capacitance by a lesser amount.

[0085] Fig. 15 illustrates one possible inductor structure, a spiral or meander
inductor 169 having a number of turns or other parts (meanders) 170 in close
proximity to adjacent of the turns or other parts 170. This structure has a selt-
resonance, due to the capacitance between the turns. Hence the net inductance
value can also be made a function of substrate E..

[0086] In air, this meander inductor component will have a certain value of
inductance, L. When it placed on higher dielectric constant materials of significant
thickness, the capacitive cross coupling between meanders increases, causing a
reduction in overall inductance.

[0087] Fig. 16 is a simplified illustration of how meander inductor components are
used. A dipole antenna 178 with elements 180 is connected to an RFID chip 182
through meander inductors 184. The antenna 178, the inductors 184, and the chip
182 are attached to a thin dielectric material 186 (more precisely, a low dielectric
constant substrate such as a 100um-thick polyester film) by being printed thereon,
glued thereto, or mounted thereon in any of the customary ways.

[0088] Fig. 17 illustrates another configuration using the meander inductors 184,
added between the dipole antenna 178 and chip 182. The dipole antenna 178, the
chip 182, and the meander inductors 184 are all on a higher dielectric constant
substrate 188.

[0089] If the basic dipole antenna 178 is sized for placement in air or on a low
dielectric constant E; substrate, when the dipole antenna 178 is placed on a higher
dielectric constant E, substrate 188, the antenna elements are too long at the chosen
operating frequency. This manifests itself primarily by the antenna becoming
inductive, that is, +jX increasing. Without compensation between the antenna 1786

and the chip 182, the impedance match and hence tag performance would degrade.
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However, the meander inductors 184 have reduced the inductance on the higher
dielectric constant E, substrate 188. The meander inductors 184 on the substrate
188 thus provide a smaller +jX to the circuit, so with proper selection of
characteristics a good impedance match is maintained.

[0090] The single capacitive and inductive elements discussed above show the
principle of a component’s value being dependant on the characteristics of the
substrate on which it is placed. A number of other components, which can be
formed on a film next to an antenna that will react to the varying dielectric constant of
the substrate material and its thickness, can be made, including multiple capacitors,
inductors and transmission line elements (which can act as transformers), acting in
parallel or series with one another o provide a substrate-dependant variable
reactance. These substrate-dependant variable-reactance components can be used
to re-tune and re-match the antenna / chip combination, to maintain performance for
some antenna types over a certain range of substrate characteristics.

[0091] From the foregoing it has been established that surface features of a
structure can react to or interact with the substrate upon which they are mounted,
changing operating characteristics depending upon local environment, particularly
upon the dielectric character of the substrate. However, using these components
alone is not always the best solution. Another approach for the compensation
element 130 is for structures which change the effective length of antenna based on
the environment in the vicinity of the compensation elements, particularly based on
dielectric characteristics of the dielectric material upon which the compehsation
element 130 are mounted. Some simple structures and methods of changing the
effective length of antenna elements are now described.

[0092] For this purpose, one of the simplest antennas to consider will be a folded
dipole 200, as illustrated as part of an RFID device 202, in Fig. 18. The total length
of the loop 204 of the folded dipole antenna 200 is set to provide a good match to an
RFID chip 205 at the minimum dielectric constant the tag is designed to operate with,
as an example, a 30mm block having a dielectric constant of E; = 2.

[0093] The adaptive elements 206 may include a printed series tuned circuit,
consisting of an inductor, which is a simple meander of narrow line, and an inter-
digital capacitor as discussed and illustrated previously. The value of the inductor

and capacitor is such that, on materials having a dielectric constant of E,= 2, the
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resonance frequency is above 915MHz, as the capacitor value is low. lf the
complete tag is placed on a 30mm substrate :having a dielectric constant of E; = 4,
the correct length of the loop for the folded dipole is now shorter. However, the
capacitor inside the adaptive element 206 may have increased in value, making the
loop resonant at 915MHz. The adaptive capacitive element now acts like a short
circuit, providing a reduced length path for the RF current which is ideally exactly the
path length to make the antenna correctly matched to the chip on materials having a
dielectric constant of E, = 4. It will be appreciated that the values and numbers in the
examples are intended for explaining general principles of operation, and do not
necessarily represent real antenna and RFID tags designs.

[0094] This is an example using substrate properties as embodied in the present
invention to adapt the effective length of an antenna. Alternately, distributed
versions can be envisaged, where the inductance and capacitance are spread along
the antenna length. It will be appreciated that these capacitive and inductive
elements may be used in series and/or parallel combinations and may potentially,
combined with a antenna having appropriate characteristics, allow the impedance
match to be adjusted as the substrate E, varies, to allow the antenna performance to
be maintained.

[0095] An alternative structure is one where the compensating element 130, such
as the adaptive element 206, adjusts the effective length of the antenna. When an
antenna is placed on or in a medium of a different E;, the wavelength of a defined
frequency changes. The ideal length for that antenna in the medium, to obtain a low
or zero reactance and useful radiation resistance, would be shorter.

[0096] Therefore an antenna that reduces its effective length as the substrate
dielectric constant varies would provide compensation. A concept for a structure that
can achieve this is shown below in Fig. 19. This is a non-limiting example as a
number of other suitable configurations are possible using various of the structures
and methods described herein, alone or in combination with one another.

[0097] Fig. 19 is a plan view showing a curved section of a rectangular cross
section conductor 216 designed to be placed on a substrate having any of a variety
of values of E,. This would form part of the two arms of a dipole antenna. More than
one section may be used. The conductor 216 has potentially two paths for the

current to flow: an outer curve 218 and an inner curve 220. The length of the
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transmission path is actually different between these two curves. The slit 222 acts
as a capacitor. As the substrate E; increases in its dielectric constant value, the
capacitance between the two radiating sections likewise increases, but the effective
transmission path decreases in length.

[0098] It will be appreciated that many alternatives are possible for providing
adaptive structures that are configured to compensate to some extent for different
values of dielectric constant in a substrate to which the adaptive or compensating
antenna structure is attached. For example, cross coupling between a simple wave
format structure could also be designed to provide compensation. Cross-coupled
structures have been described above.

[0099] Fig. 20 shows an antenna structure 240 that includes some adaptive
elements that are examples of compensating elements of some of the types
discussed above. The antenna structure 240 includes a pair of antenna elements
242 and 244 that are coupled to an RFID chip or strap at respective attach points
246 and 248. The antenna elements 242 and 244 have respective main antenna
lines 252 and 254. At the end of the main antenna lines 252 and 254 are capacitive
stubs 256 and 258. The capacitive stubs 256 and 258 include respective conductive
tails 262 and 264 that bend back toward the corresponding main antenna lines 252
and 254. Gaps 266 and 268 between the conductive tails 262 and 264, and the
main antenna lines 252 and 254, widen further with further distance from the joinder
of the conductive tails and the main antenna lines. The capacitive stubs 256 and
258 have variable characteristics, depending on the dielectric constant of the
substrate to which the antenna structure 240 is attached. More particularly, the
capacitance between the conductive tails 262 and 264 and the main antenna lines
252 and 254, respectively, is a function of the dielectric constant of the substrate
material upon which the antenna structure 240 is mounted.

[0100] The antenna structure 240 also includes loop lines 272 and 274 on either
side of the main antenna lines 252 and 254. As shown, the loop lines 272 and 274
are narrower than the main antenna lines 252 and 254. Each of the loop lines 272
and 274 is coupled to both of the main antenna lines 252 and 254. There is a gap
282 between the loop line 272 and the main antenna lines 252 and 254. A
corresponding gap 284 is between the loop line 274 and the main antenna lines 252

and 254. The gaps 282 and 284 have variable thickness, being narrow where the
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loop lines 272 and 274 join with the main antenna lines 252 and 254, and widening
out toward the middle of the loop lines 272 and 274. The loop lines 272 and 274
function as inductors.

[0101] Fig. 21 shows an alternate antenna structure 300 having a pair of generally
triangular antenna elements (conductive tabs) 302 and 304. The antenna elements
302 and 304 have attachment points 306 and 308 for coupling an RFID chip or strap
to the antenna structure 300.

[0102] The antenna elements 302 and 304 have respective compensation or
adaptive portions or elements 312 and 314. The adaptive portions 212 and 214
provide gaps 316 and 318 in the generally triangular conductive tabs. On one side
of the gap 316 is a conductive link 320, including a relatively wide central portion
322, and a pair of relatively narrow portions 324 and 326 along the sides of the gap
316, coupling the central portion 322 to the parts 328 and 330 of the antenna
element 302 on either side of the gap 316. The central portion 322 méy have a
width approximately the same as that of the antenna element parts 328 and 330 in
the vicinity of the gap 316. The narrow portions 324 and 326 may be narrower than
the central portion 322 and substantially all of the antenna element parts 3238 and
330. The antenna element 304 may have a conductive link 334, substantially
identical to the conductive link 320, in the vicinity of the gap 318.

[0103] The antenna structure 300 has been found to give good performance when
mounted on walls of cardboard cartons filled with a variety of different products
containing both conductive and non-conductive materials. The antenna structure
300, and in particular the adaptive portions 312 and 314, may provide compensation
for various environments encountered by the antenna structure 300, for example
including variations in substrate characteristics and variations in characteristics of
nearby objects. As one example of placement of the antenna structure 300, the
antenna structure 300 may be mounted onto a cardboard container 3-4 mm thick.
[0104] It will be appreciated that the layout of the antenna structure 12, including
the selection and location of the compensation elements, and the overall size of the
antenna structure 12, may be determined by any of a variety of suitable methods.
One such suitable method is use of genetic algorithms to iteratively generate
antenna structure layouts. Generated layouts are tested for performance in meeting

suitable criteria, for example using computer simulations to simulate performance of
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the layout in various positions and/or environments. Generated layouts that perform
best may be combined to produce a new generation of possible antenna structure
layouts. The iterative process of generating, testing, and combining layouts may be
iteratively continued until some suitable performance or other criterion is met.

[0105] Although the invention has been shown and described with respect to a
certain preferred embodiment or embodiments, it is obvious that equivalent
alterations and modifications will occur to others skilled in the art upon the reading
and understanding of this specification and the annexed drawings. In particular
regard to the various functions performed by the above described elements
(components, assemblies, devices, compositions, etc.), the terms (including a
reference to a "means") used to describe such elements are intended to correspond,
unless otherwise indicated, to any element which performs the specified function of
the described element (i.e., that is functionally equivalent), even though not
structurally equivalent to the disclosed structure which performs the function in the
herein illustrated exemplary embodiment or embodiments of the invention. In
addition, while a particular feature of the invention may have been described above
with respect to only one or more of several illustrated embodiments, such feature
may be combined with one or more other features of the other embodiments, as may

be desired and advantageous for any given or particular application.
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CLAIMS

What is claimed is:

1. An RFID device (10) comprising:
a transponder chip (20);
an electrically conductive antenna structure (12) operatively coupled to the
transponder chip, wherein the conductive structure includes:
one or more electrical compensation elements
(24/26/30/32/42/44/46/48/80) that interact with the nearby objects primarily
using electric fields; and
one or more magnetic compensation elements
(24/26/30/32/49/50/82/82’) that interact with the nearby objects primarily using
magnetic fields;
wherein the compensation elements provide substantially position insensitive
performance of the antenna structure over a range of positions relative to nearby

objects.

2. The RFID device of claim 1, wherein the antenna structure includes a pair

of antenna elements (21/22) coupled to the transponder chip.

3. The RFID device of claim 2, wherein each of the antenna elements include

respective of the electrical compensation elements.

4. The RFID device of claim 2 or claim 3, wherein the magnetic

compensation elements electrically connect together the antenna elements.

5. The RFID device of claim 4, wherein the magnetic compensation elements

include electrically conductive inductor lines (49/50).

6. The RFID device of claim 4, wherein the magnetic compensation elements

include an open loop magnetic compensation element (82/82’).
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7. The RFID device of claim 6, wherein the open loop magnetic
compensation element encloses a substantially circular area (90).

8. The RFID device of claim 6, wherein the open loop magnetic
compensation element encloses a substantially rectangular area (90°).

9. The RFID device of any of claims 2 {o 8, wherein the electrical
compensation elements include meanders (52/54) of electrically conductive material.

10. The RFID device of any of claims 2 to 9, wherein the antenna elements
include tapered areas (46/48) of electrically conductive material.

11. The RFID device of ¢laim 10, wherein the tapered areas have curved
ends (56/58) at distal parts of the antenna elements, wherein the curved ends
function as electrical compensation alements.

12. The RFID device of any of ¢claims 2 to 5, wherein the antenna elemenis
together form a loop (92) that substantially encloses an area between the antenna

elements; and
wherein distal ends of the antenna elements are tapered, widening to
approach each other at an end of the loop distal from the chip.

13. The RFID device of any of claims 1 to 12,.in combination with an object to
which the RFID device is attached.

14. The combination of claim 13, wherein the object is a carton or cantainer
containing metal objects (64).

15. The combination of claim 14, wherein the metal objects are located in a
periodic arrangement within the carton or container.

29
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16. The combination of claim 15, wherein the range of position includes a

one-dimensional range of position of the RFID device along a side of the carton or

container.

17. The combination of claim 15, wherein the range of position includes a
two-dimensional range of position of the RFID device along a side of the carton or

container.

18. The combination of claim 15, wherein the range of position includes a

range of orientation of the RFID device along a side of the carton or container.
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