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(57) ABSTRACT

A near-field coupling device that may facilitate communi-
cations with a transponder 1s provided. The near-field cou-
pling device may include a ground plane, a dielectric sub-
strate, one or more conductive strips and a terminating load.
The conductive strips together with the ground planes form
coupling elements. The near-field coupling device further
includes one or more switching elements for selectively
connecting and disconnecting the coupling elements with a
transceiver. The connected coupling elements define a total
characteristic impedance. Using the switching element, the
ratio between the total characteristic impedance of the
connected coupling elements and the terminating load may
be changed 1n order to adjust the distribution of an electro-
magnetic field along the coupling elements according to the
type and position of the transponder to be processed.
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NEAR FIELD COUPLING DEVICES AND
ASSOCIATED SYSTEMS AND METHODS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND

1. Field of the Invention

The present invention relates to RFID (Radio Frequency
Identification) systems and, in particular, to near field anten-
nas for such systems configured to selectively communicate
with a targeted RFID transponder from among a group of
adjacent transponders.

2. Description of Related Art

RFID technology 1s rapidly becoming essential to not
only accurately manage assets and inventory, but also 1n a
variety of other practical applications. With respect to inven-
tory applications, RFID tags, also known as transponders,
are bemng used to count and identily inventory in retail
stores, warehouses, shipping containers, and the like, to
allow for more accurate bookkeeping and ordering of
replacement or replenishment goods. Moreover, it has been
determined that many other applications for RFID technolo-
gies are becoming increasingly beneficial and/or economi-
cal. For example, RFID transponders are being used in
security applications to grant individuals access to secure
areas. RFID transponders are also being used in vehicles to
pay tolls while maintaining vehicle speeds. Further, RFID
transponders are even being implanted 1n pets to allow for
accurate 1dentification of a pet 1n the event that the pet 1s lost.
As such, RFID technology 1s becoming ubiquitous 1n a wide
variety of applications, and new applications for the tech-
nology are being developed continuously.

A conventional RFID system provides for wireless data
acquisition from/to transponders to/from a transceiver. In
various applications, the transponders may be active (e.g.,
battery-powered, battery-assisted, or battery supported) or
passive (e.g., activated by an RF field). A conventional
transponder includes an antenna that facilitates the reception
of communications from the transceiver. In order to encode
(e.g., read, write), the transceiver through an antenna of the
transceiver exposes the transponder to a radio frequency
(RF) electromagnetic field or signal. In the case of a passive
UHF transponder, the RF electromagnetic field energizes the
transponder and thereby enables the transponder to respond
to the transceiver by re-radiating the received signal back
and modulating the field 1n a well-known technique called
back-scattering. In the case of an active transponder, the
transponder may respond to the electromagnetic field by
transmitting an independently powered reply signal to the
transceiver. In this manner, various applications for RFID
technology may be implemented.

Some RFID applications utilize transponders that may be
encoded prior to utilization within a system. In this regard,
a transponder may be encoded by communicating com-
mands and/or data to a transponder such as, for example, a
unique identifier. The transponders may be encoded in a
number of ways. In some instances, a printer may be
configured with a specialized printhead or other apparatus
(e.g., a printer-encoder) that may be utilized to encode the
transponders. The encoding process can mmvolve magnetic
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coupling the transponder to the printer-encoder through an
antenna of the printer-encoder such that commands or data

are transmitted to the transponder to facilitate the encoding
process. Some conventional printer-encoders can encode
transponders that are aflixed to or embedded on a media,
such as a smart label or a tag. When the media passes
through the printer-encoder, the printer-encoder 1s config-
ured to encode the transponders aflixed to the media such
that the transponders may be later used in connection with
other RFID systems and applications.

However, in some 1nstances, errors in the encoding pro-
cess (e.g., improperly encoded transponders or encoding
failures) can occur due to the variations of the justification
and type of transponders to be encoded. Justification refers
to the location of the transponder relative to the antenna or
other reference point of a printer-encoder. The encoding
errors largely arise from non-uniform location or orientation
of the transponder on the media received by a printer-
encoder. As a result, the location of the transponders relative
to the antenna of the printer-encoder may be unpredictable,
and the electromagnetic field generated by the antenna of the
printer-encoder may not be effective for encoding of the
transponders. As such, 1t may be desirable to develop and
implement a system and antenna that can account for the
unpredictability of the positioning of a transponder relative
to the near-field coupling device.

BRIEF SUMMARY

Accordingly, exemplary embodiments of the present
invention provide for a dynamic near-field coupling device
that may be configured to adaptively change coupling
strength and relative coupling position. In some embodi-
ments, the near-field coupling device may be included 1n a
printer-encoder to provide for encoding of transponders.
According to various exemplary embodiments, a near-field
coupling device may include one or more conductive strips
and a terminating load. The near-field coupling device may
also 1nclude various means for adaptively changing the
coupling strength and relative coupling position, such as, for
example, via switching devices. In some exemplary embodi-
ments, the pattern of the electromagnetic field produced by
the near-field coupling device may be generated by selecting
a ratio of a total characteristic impedance of one or more
coupling elements to the terminating load impedance. In
some embodiments, the ratio may be selected such that the
total characteristic impedance of the coupling elements 1s
greater than or less than the terminating load.

For example, according to an embodiment of the present
invention, a near-field coupling device for coupling a trans-
ceiver with a targeted transponder 1s provided. The near field
coupler device includes a ground plane, a dielectric sub-
strate, a terminating load, a first conductive strip, a second
conductive strip, and a switching element. The dielectric
substrate 1s adjacent to the ground plane. The first conduc-
tive strip 1s adjacent the dielectric substrate, extends from a
port end to a loaded end, and 1s connected to the terminating
load. The first conductive strip and the ground plane form a
first coupling element having a length of one half-wave-
length or multiple thereof. The second conductive strip 1s
adjacent the dielectric substrate, extends from the port end
to the loaded end, and 1s connected to the terminating load.
The second conductive strip and the ground plane form a
second coupling element having a length of one halil-
wavelength or multiple thereof. The switching element 1s for
selectively electrically connecting one or more of the first
and second coupling elements with the transceiver. The
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connected coupling elements define a total characteristic
impedance of the connected coupling elements. In a first
configuration of the switching element, the total character-
istic 1impedance of the connected coupling elements 1is
greater than the terminating load. In a second configuration
of the switching element, the total characteristic impedance
of the connected coupling elements i1s less than the termi-
nating load.

The impedances of the coupling elements relative to each
other may vary. As examples, an impedance of the first
coupling element, 1n 1solation, may be approximately equal
to or greater than an impedance of the second coupling
clement, 1n 1solation. As further examples, a width of the
first conductive strip may be approximately equal to or
greater than a width of the second conductive strip.

The near-field coupling device may further include one or
more additional conductive strips. Each additional conduc-
tive strip may form an additional coupling element having a
length of one half-wavelength or multiple thereof. The
switching element may be further configured to selectively
connect the additional coupling elements and further adjust
the total characteristic impedance of the connected coupling,
clements.

Each of the first and second conductive strips may define
a linear shape and may be parallel to the other conductive
strip.

The first and second conductive strips may be configured
to generate an electromagnetic field and are capable of
activating the targeted transponder as the targeted transpon-
der moves through the electromagnetic field.

In another embodiment, an apparatus comprising a pro-
cessor 15 provided. The processor may be configured to
receive indications of a transponder type and a transponder
position justification; and connect one or more coupling
clements of a near-field coupling device depending on at
least the transponder type and the transponder position
justification to configure a total characteristic impedance of
the coupling elements relative to a terminating load of the
near-field coupling device.

The processor configured to connect the one or more
coupling elements may further include being configured to
connect the one or more coupling elements to configure the
total characteristic impedance of the coupling elements to be
greater than or less than the terminating load. For example,
the processor configured to connect the one or more cou-
pling elements may 1nclude being configured to connect the
one or more coupling elements to configure the total char-
acteristic impedance of the coupling elements to be greater
than the terminating impedance when the transponder type
describes a loop-type transponder and the transponder posi-
tion justification 1s edge justified.

The processor configured to connect the one or more
coupling elements may further include being configured to
connect the one or more coupling elements by controlling a
respective switching device associated with the one or more
coupling elements.

The processor may further be configured to encode one or
more transponders by providing for transmission of a signal
to a port of the near-field coupling device.

According to yet another embodiment, a method 1s pro-
vided. The method may include receiving indications of a
transponder type and a transponder position justification;
and connecting one or more coupling elements ol a near-
field coupling device based on at least the transponder type
and the transponder position justification to configure a total
characteristic impedance of the coupling elements relative to
a terminating load of the near-field coupling device.
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The operation of connecting the one or more coupling
clements may include connecting the one or more coupling
clements to configure the total characteristic impedance of
the coupling elements of the near-field coupling device to be
greater than or less than the terminating load. For example,
connecting the one or more coupling elements may include
connecting the one or more coupling elements to configure
the total characteristic impedance of the coupling elements
to be greater than the terminating load when the transponder
type 1s a loop-type transponder and the transponder position
justification 1s edge justified.

The operation of connecting the one or more coupling
clements may includes being configured to connect the one
or more coupling elements by controlling a respective
switching device associated with the one or more coupling
clements.

The method may further include encoding one or more
transponders by providing for transmission of a signal to a
port of the near-field coupling device.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

FIG. 1 illustrates a side schematic view of a printer-
encoder according to an exemplary embodiment of the
present 1nvention;

FIG. 2 1llustrates a side view of a feed path of media units
in a printer-encoder consistent with an exemplary embodi-
ment of the present invention;

FIG. 3a illustrates an example of a long and narrow
dipole-type transponder consistent with an exemplary
embodiment of the present invention;

FIG. 3b illustrates another example of a long and narrow
dipole-type transponder consistent with an exemplary
embodiment of the present invention;

FIG. 3¢ illustrates another example of a long and narrow
dipole-type transponder consistent with an exemplary
embodiment of the present invention;

FIG. 3d illustrates another example of a long and narrow
dipole-type transponder consistent with an exemplary
embodiment of the present invention;

FIG. 3e illustrates an example of a long and wide two port
IC dipole-type transponder consistent with an exemplary
embodiment of the present invention;

FIG. 31 illustrates another example of a long and wide
port IC dipole-type transponder consistent with an exem-
plary embodiment of the present invention;

FIG. 4a illustrates an example of a small loop-type
transponder consistent with an exemplary embodiment of
the present invention;

FIG. 4b illustrates another example of a small loop-type
transponder consistent with an exemplary embodiment of
the present mvention;

FIG. 4c illustrates an another example of a small loop-
type transponder consistent with an exemplary embodiment
of the present 1nvention;

FIG. 4d illustrates an another example of a small loop-
type transponder consistent with an exemplary embodiment
of the present invention;

FIG. 4e 1llustrates an another example of a small loop-
type transponder consistent with an exemplary embodiment
of the present invention;

FIG. 41 1llustrates yet another example of a small loop-
type transponder consistent with an exemplary embodiment
of the present invention;
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FIG. 5a illustrates a schematic of a near-field coupling
device according to an exemplary embodiment of the pres-

ent 1nvention;

FIG. 5b illustrates a schematic of another coupling device
according to an exemplary embodiment of the present 3
invention;

FIG. Sc illustrates a schematic of another coupling device
according to an exemplary embodiment of the present
invention;

FIG. 5d 1llustrates a schematic of another coupling device 10
according to an exemplary embodiment of the present
invention; field FIG. 6a 1s a graphical illustration of the
current distribution along the length of a dipole-type
antenna,

FIG. 6b 1s an illustration of the magnetic and electric field 15
strength distribution of a dipole-type antenna;

FIG. 7a 1s an illustration simulated on Ansoft HEFSS
soltware of magnetic field distribution where the maximum
field strength 1s located near the center of a haltf wavelength
coupling device with a characteristic impedance lower than 20
a terminating load impedance according to an exemplary
embodiment of the present invention;

FIG. 7b 1s a graphical illustration simulated on Ansoft
HESS software of the magnetic and electric field strength
along a half wavelength coupling device with a character- 25
1stic impedance larger than a terminating load impedance
according to an exemplary embodiment of the present
imnvention;

FIG. 7c¢ 1s an illustration simulated on Ansoit HFSS
software of the magnetic field distribution where the maxi- 30
mum magnetic field strength 1s located near the longitudinal
edges of a hallf wavelength coupling device with a charac-
teristic impedance larger than a terminating load impedance
according to an exemplary embodiment of the present
invention; 35

FIG. 8 15 an 1llustration of an overhead view of the feed
path of an edge justified web according to an exemplary
embodiment of the present invention;

FIG. 9 15 an illustration of an overhead view of the feed
path of a center justified web according to an exemplary 40
embodiment of the present invention; and

FIG. 10 1llustrates a schematic of a near-field coupling
device consistent with another exemplary embodiment of

the present invention
45

DETAILED DESCRIPTION

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which some, but not all embodiments of the invention are 50
shown. Indeed, this invention may be embodied 1n many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that thus disclosure will satisty applicable legal
requirements. Like numbers refer to like elements through- 55
out. The term “exemplary,” as used herein, 1s not provided
to convey any qualitative assessment, but 1s used 1nstead to
merely convey an 1illustration of an example.

Exemplary embodiments of the present invention concern
an apparatus for enabling an RFID transceiver to commu- 60
nicate with a transponder that may be commingled among or
positioned 1n close proximity to multiple adjacent transpon-
ders. As will be apparent to one of ordinary skill 1n the art,
various exemplary embodiments of the present invention are
described below that communicate with a targeted transpon- 65
der, 1n some 1nstances, requiring little to no electromagnetic
isolation of the transponder. However, some exemplary
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embodiments of the present invention may make use of, for
example, space-consuming shielded housings, anechoic
chambers, or relatively more complex, time consuming, or
costly collision management techniques.

Several exemplary embodiments of the present invention
may be usetul for encoding (e.g., reading or writing actions)
to passive or active transponders attached to, for example,
portions of media being fed through a printer-encoder, 1tems
on an assembly line or 1n an mventory management center,
or 1n various other circumstances, including circumstances
where the transponders are in close proximity to each other.
In various embodiments, one or more transponders may be
mounted to, or embedded within a portion of a media, such
as a label, ticket, card, other media forms, or the like that
may be carried on a liner or carrier. In alternate linerless
embodiments, a liner or carrier may not be needed. Such
RFID enabled labels, tickets, tags, other media forms, or the
like are referred to collectively herein as “media units,”
“smart media units,” or “RFID smart cards.” As will be
apparent to one of ordmnary skill in the art, it may be
desirable to print 1indicia such as text, numbers, barcodes,
graphics, etc., to such media units before, after, or during
communications with their corresponding transponders.

An example of an RFID system that may benefit from one
or more of the embodiments of the present invention 1s a
RFID enabled printer system, also referred to herein as a
“printer-encoder” or a RFID print-engine applicators.
Examples of printer-encoders are disclosed in commonly-
owned U.S. Pat. Nos. 6,848,616; 7,137,000; 7,398,054 and
7,425,887 and U.S. Publication Nos. 2007/0216591; 2007/
0262873; 2008/0074269; 2008/011702°7; and 2008/0218606
which are hereby incorporated herein by reference.

FIG. 1 1llustrates an example of an RFID printer-encoder
120 that may be configured to print and/or encode a series
or stream of media units 124. The printer-encoder 120 may
include several components, such as a printhead 128, a
platen roller 129, a peeler bar 132, a roller 136, a ribbon
take-up spool 140, a ribbon supply roll 141, a transceiver
142, a controller 145, and a RFID coupling device, such as
a near-field coupling device 150. The configuration of the
printer-encoder 120 may also define a feed path 130, a media
exit path 134, and a carrier exat path 138.

As noted above, media unmits may include labels, cards,
etc., that may be carried by a substrate liner or web 122. The
web 122 may be directed along the feed path 130 and
between the printhead 128 and the platen roller 129 to allow
for printing indicia onto the media umts 124. The ribbon
supply roll 141 may 1nclude a thermal ribbon (not shown for
clanity) that extends along a path such that a portion of the
ribbon 1s positioned between the printhead 128 and the
media units 124. The printhead 128 may heat up and press
a portion of the ribbon onto the media units 124 to print
indicia on the media units 124. The take-up spool 140 may
be configured to receive and spool the used ribbon. Printing
in the manner described can be referred to as a thermal
transier printing. Several other printing techniques may be
used including, but not limited to, direct thermal printing,
inkjet printing, dot matrix printing, electro-photographic
printing, laser, or the like.

After printing, the media unit web 122 may proceed to the
media exit path 134 where the media units may be removed
from the web 122. For example, 1n one exemplary embodi-
ment, pre-cut media units 124 may be peeled from the web
122, to separate the media unit from the backing 123, using
the peeler bar 132 as shown. In other exemplary embodi-
ments, a group of multiple media units may be peeled
together and transmitted downstream to an 1n-line cutter for
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subsequent separation (not shown). Various other known
media unit removal techniques may be used, as will be
apparent to one of ordiary skill 1n the art.

In applications, such as the depicted embodiment, in
which the media units 124 are supported by a web 122, the
web 122 may be guided along a path toward the carrier exat
path 138 by roller 136 or other devices, once being separated
from the media units. Techniques and structures for convey-
ing or guiding the web of media units along the entire feed
path of the printer-encoder may be referred to as conveyance
systems.

The transceiver 142 and the near-field coupling device
150 may be configured to communicate with a targeted
transponder on a media unit by being controlled by, for
example, a processor. The transceiver 142 and/or the near-
field coupling device may be controlled by hardware and/or
software configured processor, such that communication
signals, for example to encode the transponder, may be
provided via the processor. In some exemplary embodi-
ments, a transponder that 1s athixed to a media unit 124 may
be encoded as the transponder passes the near-field coupling,
device 150 along the feed path 130.

The transceirver 142 may be configured to generate and
transmit RF communication signals that are broadcasted by
the near-field coupling device 150 located 1n close proximity
to the media feed path 130 and the corresponding media
unit. For purposes of the present specification, the trans-
ceiver 142 and the near-field coupling device 150 may be
referred to collectively as forming at least part of a com-
munication system. The communication signals generated
by the transceiver 142 or re-radiated by a passive transpon-
der (or generated by an active transponder) may be in the
ultra-high frequency (UHF) band. However, some embodi-
ments of the present invention may also be configured to
operate using the various other various frequency bands
allocated for RFID communications, such as, but not limited
to, very high frequency (VHF), high frequency (HF), or the
like. As explained 1n more detail below, the RFID interro-
gation system generates an electromagnetic field for the
transponder activation over a mutual coupling link between
the transceiver and a targeted transponder of a media unit
that 1s located within a predetermined area, referred to herein
as either the encoding area, such that data may be read from
and/or written to the transponder.

In general, a transceiver in a RFID system, such as the
transceiver 142, can be a device configured to generate,
process, and receive electrical signals through the use of an
antenna or, 1n close proximity, a near-field coupling device.
One skilled 1n the art would appreciate that similar devices
such as readers, transmitters, receivers, or transmitter-re-
ceivers may be used with or be part of this invention.
Further, the term “transceiver” as used 1n the present appli-
cation and the appended claims refers to the devices noted
above and to any device capable of generating, processing,
or receiving electrical and/or electromagnetic signals.

FIGS. 5a through 5d depict various exemplary embodi-
ments of the near-field coupling device 150 that may be
utilized to manage a transceiver-transponder data commu-
nications. The near-field coupling device 150 may be uti-
lized by, or otherwise 1n connection with a transceiver (not
shown in FIGS. 5a through 5d). The near-field coupling
device 150 may include one or more terminated radiating
clements or conductive strips 330, 5340a-h. The conductive
strips 330, 540a-h may be electrically connected to a port
500 (e.g., an mput/output port, RF port, etc.) and a termi-
nating load 510. The conductive strips 530, 340a-h may be
switchable conductive strips such that the conductive strips
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530, 540a-h may be connected to either the port 500 or the
terminating load 510 through switching devices 520a-h.

The port 500 may connect the transceiver to one or more
conductive strips (possibly through one or more switching
devices). Further, the port 500 may be used to provide a
signal to the conductive strips 330 and 540 for contactless
communication via the conductive strips. The terminating
load 510 may be connected to the one or more conductive
strips, possibly through one or more switching devices
520a-h, at a first terminal and may be grounded at a second
terminal.

The near-field coupling device 150 may also include a
dielectric substrate 550 and a ground plane 560. The dielec-
tric substrate 550 may have a first surface and a second
surface opposite the first surface. The conductive strips 530
and 540 may be athixed to the first surface of the dielectric
substrate 550. The ground plane 560 may be athixed to the
second surface of the dielectric substrate 550. The ground
plane 560 may have various shapes. For example, the
ground plane 560 may be generally rectangular or circular
and/or correspond to the overall shape of the near-field
coupling device or follow the shape of one or more con-
ductive strips. The ground plane 560 may be constructed of
copper, gold, silver, aluminum or combination thereof,
doped silicon or germanium, or any electrically conductive
material. The general shape of the dielectric substrate 550
may vary between applications. For example, the dielectric
substrate 550 may be a portion of a relatively larger printed
circuit board. The dielectric substrate 550 may be made or
constructed from various dielectric materials, including but
not limited to, plastics, glasses, ceramics, or combinations
such as Rogers matenals, Isola materials, or woven glass
reinforced epoxy laminate, commonly referred to as “FR4”
or flame resistant 4. Moreover, air may be used as a
dielectric material. One skilled 1n the art would appreciate
that these or other materials may be used to achieve or utilize
a specific dielectric constant. For example, a higher dielec-
tric constant value or permittivity may allow for a further
decrease 1n the dimensions of the coupler 50, including the
thicknesses of the dielectric substrate and the length of the
conductive strips.

During encoding operations, as the electrical signal from
the transceiver passes through the one or more of the
conductive strips, the conductive strips and the ground plane
operate as coupling elements. Halt-wavelength segments of
the coupling elements may be defined such that the charac-
teristic impendence of the coupling elements need not be
matched or are mismatched from the terminating load
impedance. As such, the near-field coupling device 150 may
operate as one or more one-hall wavelength unmatched
coupling elements, rather than operating as a standing wave
radiating antenna or a magnetic field generating coil. Due to
the structure of the near-field coupling device 150, the
passing current in the conductive strips generates an elec-
tromagnetic field mostly concentrated in the near-field
region of the near-field coupling device.

In particular and as illustrated in FIGS. 6b, 7a, and 7c, the
wave radiation generated by exemplary near field antenna
embodiments of the present invention may create a near field
cllect that emanates from the edges of the one or more
conductive strips as further described below. The near field
cllect may couple with a targeted transponder passing
through the encoding area as described with respect to FIG.
2 further below. For purposes of the present invention and
appended claims the term “near field eflect” refers to the one
or more relatively localized electromagnetic fields that are
also commonly referred to as “leaky” electromagnetic fields,
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as Turther described in “Leaky Fields on Microstrip” L. O.
McMillian et al. Progress in Electromagnetics Research,
PIER 17, 323-337, 1997 and 1n commonly owned U.S. Pat.
No. 7,398,054 to Tsirline and U.S. Patent Publication Nos.
2005/0045724, 2007/0262873, and 2007/0216591 to
Tsirline et al., all of which are hereby incorporated by
reference 1n their entireties. The eflective range of couplers
or antenna-couplers relying on such leaky electromagnetic
fields, referred to as near-field coupling devices, may be
limited because the fields degrade, at an exponential rate,
with increasing separation from the near-field coupling
device. This limited range may reduce the likelihood that an
clectromagnetic field emanating from a near-field coupling
device will activate a transponder outside the intended
encoding area.

For example, FIG. 2 depicts a simplified view of the feed
path 130 relative to the near-field coupling device 150. The
near-field coupling device 150, as depicted in FIG. 2,
includes conductive strips 530 and 3540, a dielectric layer
550, and a ground plane 560. The media unit 124 travelling
along the feed path 130 may include a transponder 220 and
be aflixed to a web (not shown). The electromagnetic field
generated by the near-field coupling device 150 has a
near-field strength and far-field strength. As explained
above, the near-field coupling device 150 may be configured
to generate an electromagnetic field that has a strength 1n the
near-field that differs from a strength 1n the far-field. In some
exemplary embodiments, the strength 1n the far-field may be
too weak to activate or communicate with the transponder,
while the strength 1n the near-field may be strong enough to
activate the transponder. In other words, the near-field
coupling device 150 may configured to generate an electro-
magnetic field having a strength 1n the far-field too weak to
activate a transponder and a strength in the near-field sui-
ficient to activate a transponder.

As the media unit 124 and the transponder 220 move
along the feed path 130, the transponder 220 may arrive at
a location where near-field energy of the coupling device
150 1s suflicient for a transponder encoding, 1.e., the tran-
sponder may reach a location in which the transponder 1s
within the near-field of the electromagnetic field generated
by the near-field coupling device and that field 1s suilicient
to activate the transponder. The closest distance from any
reference point, e.g., a tear bar, a printline, etc., along the
teed path 130 where a transponder 1mitially 1s activated, such
as point 210 1n the 1llustrated embodiment, in the near-field
of the coupling device 150 can define a transponder “encod-
ing starting distance.”

Further, according to various exemplary embodiments, an
encoding range 200 of the near-field coupling device may be
defined as the starting distance to a second point or location
where a transponder encoding process 1s not longer possible,
1.€., the location 1n which the transponder gets an msuthicient
coupling with the near-field coupling device 150 and reaches
a location 1n which the electromagnetic field strength can not
activate the transponder. The encoding range depends both
on the characteristics of the near-field coupling device and
the form-factor (i.e., physical dimensions) of the transpon-
der. In some exemplary embodiments, the encoding range of
the near-field coupling device 150 may be two to three
inches. Together, the encoding starting point 210 and the
encoding range 200, may define an encoding arca where
communications between a transponder and a transceiver
utilizing the near-field coupling device can occur. In some
embodiments, the encoding arca may be approximately
equal to or less than the form-factor of the transponder and,
thus, the near-field coupling device 1s capable of only
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encoding one transponder at a time. The following param-
cters may define a printer encoding performance for a
particular type of transponder: (1) the encoding starting
point relative to a reference point within the printer, such as
the printhead; (2) the encoding range; and (3) the RF
operation power level necessary to ensure successiul encod-
ing of the transponder.

In some applications, such as portable and compact sys-
tems (e.g., RFID printer-encoders), the near-field coupling
device may be near or 1n close proximity to a printhead. For
example, the near-field coupling device may be close
enough to the printhead and has a short encoding range that
at least a part of the encoding area for some types of
transponders overlaps the printhead (e.g., the encoding start-
ing distance relative to the printhead or a tear bar may be 0),
which may allow the system to encode the shortest possible
labels or maintain the shortest pitch between labels. In other
words, the system may be configured such that the system
may print indicia onto the media umt while a transcerver 1s
communicating with the transponder of the same media unait.
The close proximity of the near-field coupling device and
printhead may be necessary or desirable 1n order to maintain
overall compact design of the system.

The type or category of transponders that may be used 1n
connection with embodiments of the present invention may
vary. FIGS. 3a through 31 illustrate examples of a first
category or group of transponders that may be implemented
in accordance with various aspects of the present invention.
The exemplary transponders depicted in FIGS. 3a through
3d may be referred to as long and narrow or long dipole-type
transponders, due to the structure of the antennas of the
transponders. The exemplary transponders depicted in
FIGS. 3¢ and 31 may be referred to as long and wide. FIGS.
da through 41 illustrate examples of a second category or
group of transponders that may be implemented in accor-
dance with various aspects of the present invention. The
exemplary transponders depicted i FIGS. 4a through 41
may be referred to as an item-level or a small loop-type
transponders, due to the structure of the antennas of the
transponders. Terms such as “long and narrow,” “long and
wide,” “large”, and “small” are itended to indicate the
relative size of the transponders compared to an operational
wavelength of the RFID system and the transponder or
compared to the transponder’s relative dimensions. As
examples, a large dipole-type may be about 3 inches long
(1.e., the largest dimension of the dipole-type) and may be
about 0.3-0.6 inches wide, and a small loop-type may be
about 1 inch long and 1 1inch wide.

In general, at the center of the operating band or spectrum
(or at the operating frequency) of the near-field coupling
device, the port impedance of one or more coupling ele-
ments that have a length of one half wavelength, or multiple
thereol, 1s substantially equal to the terminating load 1imped-
ance regardless of the characteristic impedance of the one or
more coupling elements formed by or defined by the struc-
ture of the one ore more conductive strips and the ground
plane. Therefore, in some embodiments, the length of the
one or more coupling elements may be one half wavelength,
or multiple thereof (1.¢., the length may substantially equal
N*A/2, wherein N may equal 1, 2, 3, 4, 5, . . . ) and the
terminating load may be configured to match the source
impedance 1n order to substantially match the source imped-
ance and the mput impedance.

In some exemplary embodiments, the length of conduc-
tive strips 530 and 540 may be determined based on the
predetermined wavelength of a communications signals to
be used 1n an RFID system and the permittivity of the
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dielectric substrate. In this regard, the length of the conduc-
tive strips 530 and 540 may be half-wavelength (or hali-
wave), or an mteger multiple of half-wave. In some exem-
plary embodiments, the conductive strips 530 and 540a-h
may be configured to exhibit the properties of a half-wave
dipole antenna.

The characteristic impedance of a coupling element may
be defined by the cross-section structure of the coupling
clement. For embodiments 1n which the coupling element 1s
a conductive strip and the ground plane, the cross-section
may be mostly defined by the width and thickness of the
conductive strip and a distance to the ground plane. Because
it has no or minimal influence on the port impedance of the
near-field coupling device at the center operating frequency
for embodiments having a length of one half wavelength or
multiples thereol, the conductive strip may be dimensioned
to achieve proper coupling with a targeted transponder,
while the terminating load 1s configured to maintain an
impedance match between the near-field coupling device
and the transceiver. For example, the width of the conduc-
tive strip may be decreased or increased to produce a desired
operating bandwidth of the near-field coupling device. In
general, 1t 1s believed that the closer the impedance of the
coupling element 1s to the value of the terminating load (e.g.,
50 Ohm) the wider the bandwidth or the higher cut off
frequency with some limit. The impedance of the terminat-
ing load may be modified to match the source impedance
(e.g., RF signal source impedance, transceiver impedance,
system 1mpedance).

The electromagnetic field pattern generated by the con-
ductive strips may be concentrated between the conductive
strips and the ground plane, and as a result, the field strength
above the conductive strips may be relatively low. When the
total characteristic 1impedance of the coupling elements
(formed be the one or more conductive strips and the ground
plane) 1s lower than a terminating load then the maximum
strength of the magnetic field component 1s located approxi-
mately at the center of the coupling elements or the near-
field coupling device and the maximum strength of the
clectric field component 1s located at the edges of the
coupling elements or the near-field coupling device as
illustrated 1n FIGS. 6a and 6b. FIG. 7a illustrates a repre-
sentation of the magnetic field strength adjacent to a cou-
pling element with a total characteristic impedance of the
coupling elements 1s less than the terminating load. With
respect to FIG. 7a, note that the magnetic field mtensity 1s
maximized near or at the center of the coupling elements.

Although the relationship between the characteristic
impedance of the coupling elements and the terminating
load impedance may vary, according to an exemplary
embodiment of the invention, the total characteristic imped-
ance of the coupling elements may be lower than the
terminating load 1n order to maximize the magnetic field at
the center of the coupling elements. Further, terminating the
coupling elements with a load that 1s substantially equal to
the source impedance and greater or lower than the charac-
teristic impedance of the coupling elements forms what 1s
known 1n the art as a “band-pass filter.”” A band-pass filter 1s
a device that 1s configured to transier signal without degrad-
ing amplitude or power with a particular frequency or
having a particular bandwidth. For example, the near-field
coupling device may have an operating frequency band of
902 MHz-928 MHz and a center operating frequency of 915
MHz. As another example, the operating frequency band
may be from 870 MHz up to 953 MHz.

When the total characteristic impedance of the one or
more coupling elements 1s greater than the impedance of the
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terminating load, the maximum strength of the magnetic
field component can be at the edges of the coupling element
or elements, and the maximum strength of the electrical field
component can be at the center of the coupling element or
clements. FIG. 7b 1llustrates a graphical representation of
relative strengths of the electric and magnetic fields distri-
bution along a half wavelength coupling element having a
characteristic impedance greater than the terminating load.
Further, FIG. 7c¢ illustrates another two-dimensional repre-

sentation of the magnetic field strength of adjacent to a
coupling element with a characteristic impedance greater
than the terminating load. With respect to FIG. 7c, note
again that due to the characteristic impedance of the cou-
pling element being greater than the terminating load, the
magnetic field mtensity 1s maximized at or past the ends of
the coupling element. The distribution of electric and mag-
netic field components for a coupling element, such as
microstrip and stripline transmission lines i1s further dis-
cussed 1n detail in “UHF RFID Antennas for Printer-Encod-
ers-Part 1: System Requirements”, High Frequency Elec-
tronics, Vol. 6, No. 9, September 2007, pp. 28-39 which 1s
authored by one of the inventors of the present application
and 1s hereby incorporated by reference in its entirety.

Accordingly, the selection of the ratio between the total
characteristic impedance of the one or more coupling ele-
ments of the near-field coupling device 150 to the terminat-
ing load of a near-field coupling device 150, which can be
referred to as the “impedance ratio,” may allow for varia-
tions 1n the electric and magnetic field patterns formed by
the near-field coupling device 150. As such, by adjusting the
impedance ratio, the location of the maximum electric or
magnetic field can be controlled. Various tests involving the
encoding of transponders have determined that some tran-
sponders are activated or require less RF power applied to a
near-field coupling device when proximate to a relatively
strong magnetic field component. In particular, loop-type
transponders, such as those depicted in FIGS. 4a through 4c,
and miniature dipole-type transponders with a small loop
clement, such as those depicted 1n FIGS. 4d-41, have been
found to be sensitive to the magnetic field component. As
such, adjustments to the location of the maximum magnetic
field may be desirable based on the location of a loop-type
or other type of transponder during, for example, an encod-
Ing Process.

According to exemplary embodiments of the present
invention, various means for modifying the impedance ratio
may be utilized. For example, the switching devices 520
may be configured to selectively connect an associated
conductive strip thereby introducing a change in the total
characteristic impedance of the connected coupling ele-
ments ol a near-field coupling device 150. The term “con-
nected” or “connect” as used herein refers to a conductive
strip or a coupling element being electrically connected to
the port 500 and the terminating load 3510 such that the
coupling element receives the signals from the transceiver
via the port 500 and broadcasts the signals. The switching
devices 520 may be RF switches with 50 Ohm impedance of
Pole and each Throw switching devices capable of estab-
lishing or interrupting an electrical connection with a cou-
pling element. In some exemplary embodiments, the switch-
ing devices 520 may be mechanical switches, transistors,
PiN diodes, or the like. The switching devices 520 may be
controlled by a processor (e.g., a software and/or hardware
configured processor, including a field programmable gate
array (FPGA)), a controller, other combinational logic, or
the like. In this regard, the processor may be configured to
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retrieve and execute program instructions stored on a com-
puter-readable storage medium for controlling the switching
devices 520.

FIG. 5a 1llustrates one exemplary embodiment of a near-
field coupling device 150 with an adaptable field pattern 5
based on a modification 1n the impedance ratio. The near-
field coupling device 150 of FIG. 5a, includes two conduc-
tive strips 530 and 540a that form two coupling elements
531 and 541a. The characteristic impedance of each cou-
pling element, in 1solation (1.e., when the coupling element 10
1s the only coupling element connected), may be equivalent.
The equivalent characteristic impendence may arise as a
result of, for example, the conductive strips 530 and 540a
having equivalent widths. The total characteristic 1mpen-
dence of the connected coupling elements of the near-field 15
coupling device 150 of FIG. 5a (i.e., the parallel combina-
tion of the characteristic impedance of first and second
connected coupling elements 531 and 541a) may be modi-
fied by opening or closing the switching device 520a. The
total characteristic 1impedance of the connected coupling 20
clements of near-field coupling device 150 may have a {first
value when the switching device 520a 1s open, and a second
value when the switching device 520a i1s closed. For
example, the first value may be greater than the terminating
load 510 resulting 1n a maximum magnetic flux near the ends 25
of the coupling element 531. The second value may be less
than the terminating load 510 resulting 1n a maximum
magnetic flux near the center of the coupling elements 531
and 341a.

FIG. 5b illustrates another exemplary embodiment of a 30
near-field coupling device 150 with an adaptable field pat-
tern based on a modification of the impedance ratio. The
near-field coupling device 150 of FIG. 5b, includes any
number of conductive strips, which may include conductive
strips 530, 540b, 340c, and 3540d. Each of the conductive 35
strips together with the ground plane forms a coupling
element 531, 541b, 541c, and 541d. The characteristic
impedance of each coupling element 1n 1solation from each
other may be equivalent. In exemplary embodiments where
the conductive strips are formed of the same substance (e.g., 40
aluminum), the characteristic impedance of the coupling
clements may be made equivalent by forming the conductive
strips 1n a manner where each of the conductive strips have
the same dimensions. The total characteristic impedance of
one or more coupling elements may be modified by opening 45
or closing the switching devices 520 (e.g., switching devices
520a, 520b, and/or 520c¢). Therefore, the total characteristic
impedance of the connected coupling elements of the near-
field coupling device 150 may be variable based of the
configuration of the switch devices 520. As such, the electric 50
and magnetic field patterns generated by the near-field
coupling device 150 of FIG. 5b may include maximum
magnetic field strength near or extending away from the
ends of the coupling elements, a magnetic field strength near
the center of the coupling elements, or a maximum magnetic 55
field strength located between the ends and the center.

FIG. Sc illustrates another exemplary embodiment of a
near-field coupling device 150 with an adaptable field pat-
tern based on a modification in the impedance ratio. The
near-field coupling device 150 of FIG. 53¢, includes two 60
conductive strips 330 and 540¢ and a ground plane 560 that
together form two coupling elements 531 and 540e¢. The
characteristic 1mpedance of coupling elements 331 and
541e, 1n 1solation, from each other may be different. The
difference in characteristic impendence may arise as a result 65
of, for example, the conductive strips 530 and 540a having
differing widths. The total characteristic impedance of the

14

connected coupling elements 531 and 541¢ of the near-field
coupling device 150 of FIG. 5¢ (i.e., the parallel combina-
tion of the characteristic impedance of connected coupling
clement 531 and coupling element 541¢) may be modified
by opening or closing the switching device 520¢. The total
characteristic impedance of the connected coupling ele-
ments may have a first value when the switching device 520¢
1s 1n an open configuration (1.€., the conductive strip 540¢ 1s
unconnected), and a second value when the switching device
520¢ 1s closed configuration (i.e., the conductive strip 540¢
1s connected). For example, the first value may be greater
than the terminating load 510 resulting in a maximum
magnetic field strength near the ends of the coupling element
531. The second value may be less than the terminating load
510 resulting 1n a maximum magnetic field near the center
of the coupling elements 531 and 541e.

FIG. 3d illustrates another exemplary embodiment of a
near-field coupling device 150 with an adaptable field pat-
tern based on a modification of the impedance ratio. The
near-field coupling device 150 of FIG. 3d, includes any
number of conductive strips, which may include conductive
strips 330, 5401, 5340¢g, and 540h, and a ground plane 560
that together form coupling elements 331, 3411, 5341¢g, and
541h. The characteristic impedance of each coupling ele-
ment, 1 1solation, may be different for each other. For
example, the characteristic impedance of each coupling
clement, 1n 1solation, may differ from each other because the
widths of the conductive strips 530, 5401, 540g, and 540h
may differ. The total characteristic impedance of the con-
nected coupling elements of the near-field coupling device
150 of FIG. 5b (i.e., the parallel combination of the char-
acteristic impedance of connected coupling elements 531,
5411, 541g, and 3541h) may be modified by opening or
closing the switching devices 520 (e.g., switching devices
5201, 520g, and/or 520h). The near-ficld coupling device
150 may have a variable impedance ratio based of the
configuration of the switch devices 520. As such, the electric
and magnetic field patterns generated by the near-field
coupling device 150 of FIG. 5d may form a maximum
magnetic field strength near or extending away from the
ends of the connected coupling elements, a magnetic field
strength near the center of the connected coupling elements,
or a magnetic field strength concentrated more between the
ends and the center.

FIGS. 5a through 5d illustrate exemplary near-field cou-
pling devices embodiments of the present invention that
include generally linear and parallel conductive strips. As
examples, the conductive material of the conductive strips
may be copper, gold, silver, aluminum or combination
thereof, doped silicon or germamum, or the like. One of
skilled 1n the art would appreciate that exemplary coupling
devices of the present invention may also include non-
parallel, non-linear, or tapered profiles of the conductive
strips. For example, some embodiments of the present
invention may include series of connected conductive strips.
For purposes of the present specification and appended
claims the term “non-linear profiles” refers to a segment of
a conductive line or strip having one or more turns or
changes 1n direction. A non-linear portion may have sharply
defined turns to appear as a zig-zag type structure or may
have relatively smooth turns to appear as a wavy structure.
Various additional exemplary near-field coupling devices
employing zig-zag type structures are described in com-

monly owned U.S. Pat. No. 7,398,054 and U.S. Patent
Application Publication No. 2005/0045724 to Tsirline et al.,
which are hereby incorporated by reference 1n their entirety.
Various additional exemplary near-field coupling devices
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employing tapered profiles are described in commonly
owned U.S. Patent Application Publication Nos. 2007/
0262873 and 2008/0238606 both to Tsirline et al., which are
hereby incorporated by reference 1n their entirety.

Although, 1n 1llustrated embodiments of FIGS. 5a through
5d, the coupling elements take the form of a microstrip. In
other embodiments, the coupling elements may take the
form of other transmission line structures such as a stripline,
a slotline or a finline. For example, various additional
exemplary embodiments of the near-field coupling device
may employ a stripline structure as further described in
commonly owned U.S. Patent Application Publication Nos.
2007/0216591 and 2007/0262873 both to Tsirline et al.,
which are hereby incorporated by reference in their entirety.
In yet other embodiments, the coupling elements may take
the form of a planar waveguide, e.g., co-planar wave guide
(CWG) 1000 as illustrated 1n FIG. 10. As another example,
various additional exemplary embodiments of the near-field
coupling device may employ a CWG structure as further
described in commonly owned U.S. patent application Ser.
No. 11/959,033 to Tsirline et al. filed on Dec. 18, 2007,
which 1s hereby incorporated by reference in their entirety.
As further described 1n the above incorporated references,
for near-field coupling devices, the conductive strips and
ground planes of the transmission lines or the CWG struc-
ture operate as a transmission line, rather than operating as
a standing wave radiating antenna or magnetic field gener-
ating coal.

According to various embodiments of the present inven-
tion, the pattern of the electromagnetic ficlds may be
adjusted to correspond to the placement, orientation, or other
requirements of the targeted transponder within the encod-
ing arca described with respect to FIG. 2. For example, as
discussed above, within a printer-encoder, the transponders
220 may be aflixed to or embedded i1n the stream of
individual media units 124, as shown in FIG. 2. However,
the size and shape of the media units 124 or the placement
of the transponders 220 within the media units 124 may vary
depending on the media unit configuration. Altering the
pattern of the electromagnetic field by moditying the imped-
ance ratio, the near-field coupling device 150 can accom-
modate different locations or orientations of the transpon-
ders 220 and/or different types of transponders (e.g., dipole
and loop), without substantially changing the encoding
range 200 of the near-field coupling device 150 or requiring,
RF power adjustments.

FIG. 8 illustrates an exemplary placement of media units
relative to a near-field coupling device 150 according to
vartous embodiments of the present invention. The near-
field coupling device 150 may be placed cross-wise relative
to the feeding path 130 such that length of the one or more
conductive strips of the near-field coupling device are
orthogonal to the feeding path 130. The alignment of the
media units 124 within a printer-encoder may be referred to
as either edge-justified (also referred to as side-justified) or
center-justified. FIG. 8 illustrates an example of an edge
justified system, and 1n particular a left edge-justified sys-
tem. Further, the web to which the media units are aflixed
may have a narrow width, such as, for example, less than 6
inches. In some embodiments, the width of the web may be
2 1inches. In an edge-justified system, the media unit 124 and,
thus the transponder 220 may be positioned near or aligned
with the edge of the near-field coupling device 150. In this
example, the media unit 124 and the transponder 220 are
positioned near the left side of the near-field coupling device
150. As such, a near-field coupling device 150 configured to
have maximum magnetic field strength near the edges of the
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near-field coupling device may be desirable, particularly
since the transponders 220 of FIG. 8 may be representative
ol loop-type transponders, such as those 1llustrated 1n FIGS.
da through 4c, which respond favorably to stronger mag-
netic fields. Accordingly, the switching devices of the near-
field coupling device may be configured such that the total
characteristic impedance of the connected coupling ele-
ments of the near-field coupling device may be greater than
the impedance of the terminating load.

FIG. 9 illustrates an example of a center justified system
or a center justified transponder positioning system. In a
center justified system, the media unit 124 and thus, the
transponder 220 may be positioned proximate to the center
of the conductive strip of the coupling device 150. As such,
by controlling the switching devices of the near-field cou-
pling device 150 the impedance ratio may be modified. In
some embodiments, a total characteristic impedance of the
one or more connected coupling elements that 1s greater than
the impedance of the terminating load may be suflicient to
communicate with a center justified transponder, such as the
long and narrow or large dipole-type transponders, such as
those 1llustrated in FIGS. 3a through 31, which may be
represented by the transponder 220 of FIG. 8, even though
the magnetic field maximums may be near the edges of the
near-field coupling device 150. However, a near-field cou-
pling device having a total characteristic impedance of the
one or more connected coupling elements that 1s less than
the impedance of the terminating load may also be used to
communicate with a center justified transponder. Therelore,
in a center-justified system processing long and narrow, and
large dipole-type transponders, the electric and magnetic
field components from the coupling device may be optimally
aligned with the center of the transponder to facilitate a
strong coupling and, thus, reliable communication between
the transponder and the transceiver through the coupling
device. In some instances, a long and narrow, or large
dipole-type transponder may be large enough relative to the
coupling device that even 1 an edge-justified system, the
transponder may be close enough to the center of the
conductive strip not to make a sigmificant difference 1n a
near-field coupling device’s ability to communicate with the
transponder 1n the edge-justified system compared to a
center-justified system.

Another aspect of the present invention 1s a method of
moditying the electromagnetic field distribution or pattern of
a near-field coupling device 150 for a printer-encoder to a
particular media unit configuration. The method includes
loading the printer-encoder 120, as shown 1n FIG. 1, with a
web 122 of media units 124 having embedded or attached
transponders and advancing at least one media unit 124 to
the encoding area 200, as shown in FIG. 2. Various methods
for altering the properties of the near-field coupling device
150 may be utilized according to exemplary embodiments of
the present mvention.

In one exemplary embodiment, the printer-encoder 120
may include a sensor or other means for detecting and
discriminating the media unit type (e.g., media units with
loop-type or large dipole-type transponders). In some exem-
plary embodiments, the transceiver may communicate, e.g.,
via a second or supplementary antenna, with a special,
additional, identification transponder, for example, on the
roll of the media or the first transponder of the media, to
determine the media unit type. Further, the printer encoder
120 may include a sensor that may identify the justification
or cross-wise position of the media units. In some embodi-
ments, a processor included 1n printer-encoder 120 may be
configured to detect or receive data or information regarding
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the media unmit type and justification (e.g., transponder
cross-wise position and other transponder placement param-

cters). In some exemplary embodiments, a user may enter

the media unit type and the justification (e.g., transponder
cross-wise position and orientation) into the printer-encoder
via a user interface to be recerved by a processor. Based on
the media unit type and the justification, the processor may
be configured to modily the impedance ratio of the near-field
coupling device 150 by controlling the switching devices.
The impedance ratio may be modified such that a desirable
clectromagnetic field pattern i1s generated.

In another exemplary embodiment, 1n order to configure
the near-field coupling device to the loaded media umt’s
configuration, or more specifically to the orientation of the
transponder on the label of the media unit and within the
encoding area, a tuning cycle may be executed. As a sample
media unit having a transponder may be 1n the encoding
area, a transceiver may generate a test signal and transmuit
the signal through the near-field coupling device. The pro-
cessor may command the switching devices to execute a
number of possible combinations by energizing or connect-
ing the conductive strips. In order to determine a “preferred
radiating set” of connected or unconnected conductive
strips, each combination may be monitored to determine
what combinations of connected or unconnected conductive
strips, referred to heremn as “radiating sets,” allow for a
reliable encoding process for the targeted transponder. Fur-
thermore, the processor may regulate the power level of the
signal to determine what combination provides a reliable
encoding process at the lowest power level. The combina-
tion that results 1n a reliable encoding process at the lowest
power level may be determined to be the preferred radiating,
set for that particular media unit configuration. “Reliable
encoding process” as used within this specification and the
appended claims means the ability for the transceiver
through the near-field coupling device to eflectively com-
municate with the targeted transponder through the electro-
magnetic field pattern created by the near-field coupling
device, while minimizing inadvertent communication with
untargeted transponders and lowering a bit error rate.

Once the preferred radiating set 1s known, that radiating,
set may be configured for that media unit configuration and
the printer-encoder may proceed with the normal processing
and encoding (e.g., write and read action) of the media units.
The timing or frequency of executing a tuning cycle may
vary. For example, once the preferred radiating set 1s known
for a particular media unit configuration, data and informa-
tion for that preferred radiating set may be stored within a
memory device included within the printer-encoder. When
that particular media unit configuration 1s used, an operator
may be able to enter that configuration information into the
printer-encoder through a keypad (not shown) allowing the
processor to set the preferred combination without re-ex-
ecuting a tuning cycle. Also, the processor may be pro-
grammed to run a tuning cycle after a certain event such as
the turning on of the printer-encoder, the loading of media
units, the passage of certain amount of time, or after pre-
determined number of media units have been processed.

Many modifications and other embodiments of the inven-
tion set forth herein will come to mind to one skilled in the
art to which this invention pertains having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it 1s to be understood that
the mvention 1s not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
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claims. Although specific terms are employed herein, they
are used 1n a generic and descriptive sense only and not for
purposes of limitation.

That which 1s claimed:

1. A near-field coupling device for coupling a transceiver
with a targeted transponder, the near-field coupling device
comprising;

a ground plane;

a dielectric substrate adjacent to the ground plane;

a terminating load;

a first conductive strip adjacent the dielectric substrate
and extending from a port end to a loaded end and
connected to the terminating load, the first conductive
strip together with the ground plane forming a first
coupling element having a length of one half-wave-
length or multiple thereof and having a first impedance;

a second conductive strip adjacent the dielectric substrate
and extending from the port end to the loaded end and
connected to the terminating load, the second conduc-
tive strip together with the ground plane forming a
second coupling element having a length of one hali-
wavelength or multiple thereof and having a second
impedance, wherein the second impedance, 1n 1sola-
tion, 1s different than the first impedance, 1n 1solation;
and

at least one switching element for selectively electrically
connecting one or more of the first and second coupling
clements with the transceiver, the connected coupling
clements defining a total characteristic impedance of
the connected coupling elements, 1n a first configura-
tion of the switching element, the total characteristic
impedance of the connected coupling elements 1is
greater than the terminating load and, 1 a second
configuration of the switching element, the total char-
acteristic 1impedance of the connected coupling ele-
ments 15 less than the terminating load.

2. The near-field coupling device according to claim 1,
wherein a width of the first conductive strip 1s approximately
equal to a width of the second conductive strip.

3. The near-field coupling device according to claim 1,
wherein each of the first and second conductive strips
defines a linear shape and 1s parallel to the other conductive
strip.

4. The near-field coupling device according to claim 1,
wherein the first and second conductive strips are configured
to generate an electromagnetic field and are capable of
activating the targeted transponder as the targeted transpon-
der moves through the electromagnetic field.

5. An apparatus comprising a processor, the processor
configured to:

recerve indications of a transponder type and a transpon-
der position justification; and

connect one or more coupling elements of a near-field
coupling device depending on at least the transponder
type and the transponder position justification to con-
figure an 1mpedance ratio between the one or more
connected coupling elements and a terminating load of
the near-field coupling device, wherein each of the one
or more connected coupling elements has, in 1solation,
a unique 1mpedance.

6. The apparatus according to claim 5, wheremn the
processor configured to connect the one or more conductive
strips 1ncludes being configured to connect the one or more
coupling elements to configure a total characteristic imped-
ance of the coupling elements to be greater than the termi-
nating load.
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7. The apparatus according to claim 5, wherein the
processor configured to connect the one or more conductive
strips 1ncludes being configured to connect the one or more
coupling elements to configure a total characteristic imped-
ance of the coupling elements to be greater than the termi-
nating load when the transponder type describes a loop-type
transponder and the transponder position justification 1s edge
Justified.

8. The apparatus of claim 35, wherein the processor con-
figured to connect the one or more coupling eclements
includes being configured to connect the one or more
coupling elements to configure a total characteristic imped-
ance of the coupling elements to be either less than or greater
than the terminating load.

9. The apparatus of claim 5, wherein the processor con-
figured to connect the one or more coupling elements
includes being configured to connect the one or more
coupling elements by controlling a respective switching
device associated with the one or more coupling elements.

10. The apparatus according to claim 3, wherein the
processor 1s lurther configured to encode one or more
transponders by providing RF power transmission to a port
of the near-field coupling device.

11. A method comprising:

receiving indications of a transponder type and a tran-

sponder position justification; and

connecting one or more coupling elements of a near-field

coupling device based on at least the transponder type
and the transponder position justification to configure
an 1mpedance ratio between the total characteristic
impedance of the coupling elements and a terminating
load of the near-field coupling device, wherein at least
two of the coupling elements have, 1n 1solation, unique
impedances.

12. The method according to claim 11, wherein connect-
ing the one or more [conductive strips] coupling elements
includes connecting the one or more coupling elements to
configure the total characteristic impedance of the coupling
clements of the near-field coupling device to be greater than
the terminating load.
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13. The method according to claim 11, wherein connect-
ing the one or more coupling elements include connecting
the one or more coupling elements to configure the total
characteristic impedance of the coupling elements to be
greater than the terminating load when the transponder type
1s a loop-type transponder and the transponder position
justification 1s edge justified.

14. The method according to claim 11, wherein connect-
ing the one or more [conductive strips] coupling elements
includes connecting the one or more coupling elements to
configure the total characteristic impedance of the coupling
clements to be less than or greater than the terminating load.

15. The method according to claim 11, wherein connect-
ing the one or more coupling elements includes being
configured to connect the one or more coupling elements by
controlling a respective switching device associated with the
one or more coupling elements.

16. The method according to claim 11 further comprising
encoding one or more transponders by providing for trans-
mission ol a signal to a port of the near-field coupling
device.

17. The near-field coupling device according to claim 1,
wherein the first impedance of the first coupling element, in
1solation, 1s greater than the second impedance of the second
coupling element, 1n 1solation.

18. The near-field coupling device according to claim 1,
wherein a width of the first conductive strip 1s greater than
a width of the second conductive strip.

19. The near-field coupling device according to claim 1
further comprising one or more additional conductive strips,
cach additional conductive strip forming an additional cou-
pling element having a length of one half-wavelength or
multiple thereot, the switching element being further con-
figured to selectively connect the additional coupling ele-
ments and further adjust the total characteristic impedance
of the connected coupling elements.
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