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SOLENOID ANTENNA

TECHNICAL FIELD
[0001] The invention relates to antenna designs, and more particularly, to antenna designs

useful for radio frequency identification systems.

BACKGROUND

[0002] Radio frequency identification (RFID) technology has become widely used in
virtually every industry, including transportation, manufacturing, waste managemént,
postal tracking, airline baggage reconciliation, and highway toll management. A typical
RFID system includes RFID tags, an RFID reader having an antenna, and a computing
device. The RFID reader includes a transmitter that may provide energy or information to
the tags, and a receiver to receive identity and other information from the tags. The
computing device processes the information obtained by the RFID reader. In general, the
information received from the tags is specific to the particular application, but often
provides identification for an item to which the tag is affixed, which may be a
manufactured item, a vehicle, an animal or individual, or virtually any other tangible
article. Additional data may also be provided for the article. The tag may be used during
a manufacturing process, for example, to indicate a paint color of an automobile chassis
during manufacturing or other useful information.

[0003] The transmitter outputs RF signals through the antenna to create an
electromagnetic field that enables the tags to respond by modulating the received RF
signal according to a pre-defined protocol. A conventional tag may be an “active” tag that
includes an internal power source, or a “passive” tag that is energized by the field. |
[0004] The computing device serves as an information management system by receiving
the information from the RFID reader, and performing some action, such as updating a
database or sounding an alarm. In addition, the computing device serves as a mechanism
for writing data into the tags via the transmitter.

[0005] Handheld RFID readers provide a portable means of interrogating tags attached to
articles. Often times multiple tagged items are co-mingled in close proximity, thereby

requiring a user to orient the handheld reader with respect to a specific RFID tag in order



WO 2007/011934 PCT/US2006/027837

to ensure that the response received is only from the specific tag that one secks to

interrogate.

SUMMARY

[0006] In general, the invention relates to a volumetrically efficient solenoid antenna
fabricated on or within a substrate, such as a printed circuit board. The solenoid antenna
may be used in many applications requiring a short-range wireless communication or
sensing link, such as RFID systems, badge readers, contactless connectors, proximity
sensors, and short range data links, The solenoid antenna may be, for example, fabricated
on or within a printed circuit board of an RFID reader, thereby enabling a perpendicular
orientation of the RFID reader with respect to the z-axis of an RFID tag, where the x-y
axes are the length and width of the tag. This perpendicular orientation enables the user
to point or aim the RFID reader directly at the RFID tag for efficient information transfer
between the reader and a single tag in a multiple tag environment.

[0007] In one embodiment, the invention is directed to a solenoid antenna comprising a
first set of circuit traces formed on a first side of a substrate, a second set of circuit traces
formed on a second side of the substrate, a set of vias formed through the substrate to
electrically connect the first set of circuit traces to the second set of circuit traces, wherein
the first set of circuit traces, the second set of circuit traces and the set of vias collectively
define an electrically conductive path of the solenoid antenna, and wherein the
electrically conductive path defines a coil such that when an electrical current flows
through the coil an electromagnetic field is created

[0008] In another embodiment, the invention is directed to a solenoid antenna comprising
a circuit trace that extends along a first side, a first edge, a second side, and a second edge
of a substrate to form a coil encircling the substrate.

[0009] In another embodiment, the invention is directed to a device comprising a
substrate, an electrical circuit formed on the substrate, and a solenoid antenna formed on
the substrate and electrically connected to the electrical circuit wherein the solenoid
antenna comprises a first set of circuit traces formed on a first side of the substrate, a
second set of circuit traces formed on a second side of the substrate, and a set of vias
formed through the substrate to electrically connect the first set of circuit traces to the

second set of circuit traces.
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[0010] In another embodiment, the invention is directed to method of creating a solenoid
antenna on a substrate. The method comprises forming a first set of circuit traces on a
first side of the substrate, forming a second set of circuit traces on a second side of the
substrate, and forming a set of vias through the substrate to electrically connect the first
set of circuit traces to the second set of circuit traces such that the first set of circuit
traces, the second set of circuit traces, and the set of vias collectively define an
electrically conductive path of the solenoid antenna.

[0011] In another embodiment, the invention is directed to a radio frequency
identification (RFID) tag reader comprising a housing, a circuit board within the housing,
an RFID reader circuit formed on the circuit board, and a solenoid antenna coupled to the
circuit, wherein the RFID reader circuit generates a current through the solenoid antenna
to create an electromagnetic field for interrogation of RFID tags, and wherein the
solenoid antenna is configured such that the electromagnetic field substantially provides
maximum energy transfer to the RFID tags when the circuit board is orthogonal to the
RFID tags.

[0012] In another embodiment, the invention is directed to a solenoid antenna comprising
a first set of circuit traces formed on a substrate, an insulating layer formed on the first set
of circuit traces, a second set of circuit traces formed on the insulating layer, and a set of
edge connections formed at edges of the insulating layer to electrically connect the first
set of circuit traces to the second set of circuit traces, wherein the first set of circuit traces,
the second set of circuit traces and the set of edge connections collectively define an
electrically conductive path of the solenoid antenna, and wherein electrically conductive
path defines a coil such that when an electrical current flows though the coil an
electromagnetic field is created.

[0013] In another embodiment, the invention is directed to a method of creating a
solenoid antenna on a substrate. The method comprises forming a first set of circuit
traces on a substrate, forming an insulating layer on the first set of circuit traces, forming
a second set of circuit traces on the insulating layer, and forming a set of edge
connections at edges of the insulating layer to electrically connect the first set of circuit
traces to the second set of circuit traces such that the first set of circuit traces, the second
set of circuit traces and the set of edge connections collectively define an electrically
conductive path of the solenoid antenna.

[0014] In another embodiment, the invention is directed to a system comprising an RFID

tag and an RFID reader, the RFID reader including a solenoid antenna that
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electromagnetically couples to the RFID tag for information transfer between the RFID
reader and the RFID tag, wherein the solenoid antenna comprises a set of circuit traces
formed on a first side of a circuit board, a second set of circuit traces formed on a second
side of the circuit board, and a set of vias formed through the circuit board to electrically
connect the first set of circuit traces to the second set of circuit traces, wherein the first set
of circuit traces, the second set of circuit traces and the set of vias collectively define an
electrically conductive path of the solenoid antenna, and wherein the electrically
conductive path defines a coil such that when an electrical current flows through the coil
an electromagnetic field is created.

[0015] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a perspective diagram illustrating an exemplary radio frequency
identification (RFID) system for locating a plurality of articles.

[0017] FIG. 2 is a perspective diagram illustrating a perpendicular orientation between a
reader and an RFID tag.

[0018] FIG. 3 is a top view of an exemplary printed circuit board with a solenoid antenna
according to an embodiment of the invention.

[0019] FIG. 4 is a cross-sectional view of an exemplary printed circuit board containing
traces on the top and bottom surfaces connected by two vias.

[0020] FIG. 5 is a side view of an exemplary printed circuit board with a solenoid
antenna.

[0021] FIGS. 6 — 8 are top views of an exemplary printed circuit board with a solenoid
antenna according to additional embodiments of the invention.

[0022] FIG. 9 is a top view of an exemplary solenoid antenna fabricated with multi-layer
technology according to one embodiment of the invention.

[0023] FIG. 10 is a cross-sectional view of the multi-layer substrate illustrated in FIG. 9.
[0024] FIG. 11 is a cross-sectional view of an exemplary multi-winding solenoid antenna
fabricated with printed circuit technology.

[0025] FIG. 12 is a top view of the multi-winding solenoid antenna illustrated in FIG. 11.

4
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[0026] FIG. 13 is a cross-sectional view of an exemplary multi-winding solenoid antenna
fabricated with multi-layer technology.
[0027] FIG. 14 is a top view of the multi-winding solenoid antenna illustrated in FIG. 13.

DETAILED DESCRIPTION

[0028] The invention relates to a volumetrically efficient solenoid antenna fabricated on
or within a substrate, such as a printed circuit board. The solenoid antenna may be used
in many applications requiring a short-range wireless communication or sensing link,
such as RFID systems, badge readers, contactless connectors, proximity sensors, and
short-range data links.  Although the solenoid antenna designs will be described for use
in a handheld RFID reader, it shall be understood that the present invention is not limited
in this respect, and that the techniques described herein are not dependent upon the
particular application in which the solenoid antenna is used.

[0029] FIG. 1 is a perspective diagram illustrating an exemplary radio frequency
identification (RFID) system 2 for locating a plurality of articles 4A — 4N (collectively
“articles 4””). Examples of articles 4 to be located include moving boxes, large collections
of items such as baseball cards or photos, and items in storage. The placement of an
RFID tag 6A on item 4A enables a person to utilize handheld RFID reader 8 to associate
a description of item 4A with RFID tag 6A via RF signals 10. The item description and
RFID tag identifier value are stored within a database of RFID handheld reader 8.
Handheld reader 8 may interface with a personal computer’s (PC) data communication
port for backing up reader data onto the PC. At a later time, the person utilizes RFID
reader 8 to locate one or more items by pointing RFID reader 8 at an RFID tag to
determine the article or articles associated with that particular RFID tag. By directly
pointing RFID reader 8 at the RFID tag, the reader is oriented perpendicularly to the tag.
[0030] Reader-to-tag orientation may affect the efficiency and efficacy of information
transfer between an RFID reader and an RFID tag. One method for reading and writing
information to RFID tags involves electromagnetically coupling the reader’s antenna to
the tag’s antenna, Once the reader is electromagnetically coupled to the tag antenna,
information can be transferred by modulating the coupled electromagnetic field according
to an established communication protocol.

[0031] As described in detail below, handheld RFID reader 8 contains a solenoid antenna

fabricated on or within a substrate of the reader. The electromagnetic field generated by
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the solenoid antenna enables efficient information transfer between the reader antenna
and the tag antenna when the reader antenna is oriented perpendicularly to the tag
antenna. Efficient information transfer enabled by the solenoid antenna may provide the
user with a more intuitive and ergonomic aiming procedure. Additional advantages may
include the ability to fabricate the solenoid antenna with established PCB and multi-layer
circuit technologies, which may reduce fabrication costs. In addition, fabricating the
solenoid antenna on or within the substrate may also reduce the variability of the solenoid
antenna’s conductor geometry and spacing, which in turn may reduce the need for
supplementary tuning elements. Furthermore, the solenoid antenna may be
volumetrically efficient since the height of the solenoid antenna is essentially equivalent
to the thickness of the substrate.

[0032] In the exemplary embodiment of FIG. 1, RFID reader 8 is enclosed within a
housing that is small enough to fit into a user’s hand. The housing may be rectangular
and generally surrounds a printed circuit board in a manner that properly points the
solenoid antenna toward the RFID tag when the user’s wrist is in a neutral position,
thereby positioning the solenoid antenna to be an extension of the wrist for ergonomic
and intuitive aiming at RFID tags attached to articles in an orthogonal orientation with
respect to the reader. Accordingly, the user need not be concerned with twisting his wrist
into an awkward position for efficient tag interrogation.

[0033] FIG. 2 is a perspective diagram illustrating a perpendicular orientation for solenoid
antenna 20 of a handheld RFID reader 8 relative to tag 22 associated with an article.
Conventional RFID tag antennas typically consist of spiral conductors plated on
substrates, or coils of wire wound in a planar loop. Moreover, conventional RFID reader
antennas often define similar orientations to tag antennas, requiring axial orientation of
the reader to the tag for efficient energy transfer. A solenoid antenna having circuit traces
oriented in the x-y plane of the reader’s printed circuit board, as described herein,
generates electromagnetic fields 24 for efficient information transfer with perpendicular
RFID tag antennas. This allows a user to implement a more intuitive and ergonomic
aiming procedure when reading RFID tags.

[0034] FIG. 3 is a top view of an exemplary printed circuit board with a solenoid antenna
according to an embodiment of the invention. Alternatively, solenoid antenna 30 may be
fabricated on or within other types of substrates. Examples of alternative substrates
include, but are not limited to, semiconductors, ceramics, plastic films and sheets (e.g.

polyester), glass, and paper. Solenoid antenna 30 is essentially a thin rectangular solenoid
6
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fabricated on or within PCB 32 comprising top conductors 34 and bottom conductors 36.
Top conductors 34 are traces within the top surface of PCB 32 and bottom conductors 36
are traces within the bottom surface of PCB 32. As illustrated in FIG, 3, top conductors
34 are substantially parallel to each other, bottom conductors 36 are substantially parallel
to each other, and top conductors 34 are non-parallel to bottom conductors 36. The
phrase “substantially parallel” is defined herein as being within approximately ten
degrees from parallel. Vias 38 (only a subset are labeled in FIG. 3 for simplicity and
clarity), located at the end points of each top and bottom conductor, connect top
conductors 34 to bottom conductors 36 to complete the coil circuit of thin rectangular
solenoid antenna 30. Vias, a term commonly used in PCB fabrication, are typically plated
holes running from the top most surface to the bottom most surface of the PCB. More
generally, however, vias 38 may be any electrically conductive path between the top and
bottom connectors 34, 36. This exemplary embodiment of FIG. 3 contains six top
conductor traces and six bottom conductor traces. Other embodiments may be of any
number of traces of various trace widths. Accordingly, the invention is not necessarily
limited to the exemplary solenoid antenna configuration illustrated in FIG. 3.

[0035] FIG. 4 is a cross-sectional view of an exemplary printed circuit board containing
traces on the top and bottom surfaces connected by two vias. PCB 32 contains top
conductor 34 connected to bottom conductor 36 by way of vias 38. FIG. 4 illustrates the
height of solenoid antenna 30 as being equivalenf to the thickness of PCB 32, which may
be significantly smaller than a wire wound solenoid soldered to the top surface of PCB
32.

[0036] FIG. 5 is a side view of an exemplary solenoid antenna fabricated on or within a
printed circuit board. PCB 32 contains multiple top conductors 34 connected to multiple
bottom conductors 36 by way of vias 38 (one of each top conductor 34, bottom conductor
36, and via 38 are labeled in FIG. 5 for simplicity). Electrical current applied to
conductors 34 and 36 generates electromagnetic field 40. Electromagnetic field 40
produces sufficient energy to efficiently interrogate RFID tags oriented perpendicular
with respect to the RFID reader having solenoid antenna 30. For a given current, the
magnitude of electromagnetic field 40 is proportional to the area bounded by the
conductors and the vias in the y-z plane of solenoid antenna 30, as is illustrated by the
boundary created by top conductor 34, bottom conductor 36, and the two vias 38 depicted

in FIG. 4. Again, for a given current, the magnitude of electromagnetic field 40 is also
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proportional to the square of the number of turns, where a turn in solenoid antenna 30
consists of one top trace and one bottom trace electrically connected with a via.

[0037] FIG. 6 is a top view of an exemplary printed circuit board with a solenoid antenna
according to another embodiment of the invention. Solenoid antenna 50 is essentially a
thin rectangular solenoid antenna within PCB 52 comprising top conductors 54 and
bottom conductors 56. Top conductors 54 are traces within the top surface of PCB 52 and
bottom conductors 56 are traces within the bottom surface of PCB 52. Top conductors 54
and bottom conductors 56 wrap around the edges of the PCB, thereby enabling top
conductors 54 to electrically connect to bottom conductors 56 to form one long
continuous trace resulting in the coil circuit of thin rectangular solenoid antenna 50. The
continuous trace defines multiple revolutions about the PCB, with each of the revolutions
being substantially parallel to the other revolutions. As illustrated in FIG. 6, top
conductors 54 are substantially parallel to each other, bottom conductors 56 are
substantially parallel to each other, and top conductors 54 are non-parallel to bottom
conductors 56.

[0038] FIG. 7 is a top view of an exemplary printed circuit board with a solenoid antenna
according to another embodiment of the invention. In this embodiment, top conductors
64 are substantially parallel to and offset from bottom conductors 66 and both top and
bottom conductors are substantially parallel to the two side edges of PCB 62. Top
conductors 64 are traces within the top surface of PCB 62 and bottom conductors 66 are
traces within the bottom surface of PCB 62. Vias 68 (only a subset are labeled in FIG. 7
for simplicity and clarity), located at the end points of each top and bottom conductor,
connect top conductors 64 to bottom conductors 66 to complete the coil circuit of thin
rectangular solenoid antenna 60.

[0039] FIG. 8 is a top view of an exemplary printed circuit board with a solenoid antenna
according to another embodiment of the invention. In this embodiment, top conductors
74 (which are traces within the top surface of PCB 72) are stacked directly above bottom
conductors 76 (which are traces within the bottom surface of PCB 72), such that both the
top and bottom conductors are substantially parallel to the two side edges of PCB 72.
Vias 78 (only a subset are labeled in FIG. 8 for simplicity and clarity), located at the end
points of each top and bottom conductor, connect top conductors 74 to bottom conductors
76 to complete the coil circuit of thin rectangular solenoid antenna 70.

[0040] As described above, the previous embodiments comprise conductors deposited on

the bottom surface of the substrate, as is typical in lamination processes such as printed
8
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circuit technology. In contrast, some processes utilize a stacked layer procedure, such as
multi-layer technology, that does not allow conductors to be deposited on the bottom
surface of the substrate. In these multi-layer processes, conductors and insulators are
deposited in layers on top of a base substrate. Common multi-layer processes include
integrated circuits, hybrid circuits, and screen printed conductors on plastic substrates.
[0041] FIG. 9 is a top view of an exemplary solenoid antenna fabricated on or within a
multi-layer substrate according to one embodiment of the invention. First, bottom layer
conductors 86 of solenoid antenna 80 are deposited onto base substrate 82, Next,
insulating layer 83 is deposited onto bottom layer conductors 86, followed by the
deposition of top layer conductors 84 onto insulating layer 83 to complete solenoid
antenna structure 80. By overlapping the conductors at the edges, edge connections 85
and 87 (only a subset are labeled in FIG. 9 for simplicity and clarity) complete the
electrical connection between top layer conductors 84 and bottom layer conductors 86.
Alternatively, vias (not shown in FIG. 9) may be utilized to connect the top conductors to
the bottom conductors.

[0042] FIG. 10 is an cross-sectional view of the multi-layer substrate illustrated in FIG. 9.
First, bottom layer conductors 86 of solenoid antenna 80 are deposited onto base substrate
82. Next, insulating layer 83 is deposited onto bottom layer conductors 86, followed by
the deposition of top layer conductors 84 onto insulating layer 83 to complete solenoid
antenna structure 80.

[0043] In some applications, it may be desirable to utilize a multi-winding solenoid
antenna. Conventional multi-winding wire-wound coils are constructed by winding extra
layers of wire. In contrast, a multi-winding solenoid antenna is constructed by separating
conductor layers with insulating layers and building multiple windings concentrically
outward. Multi-winding solenoid antennas may be created with printed circuit or multi-
layer technologies.

[0044] FIG. 11 is an cross-sectional view of an exemplary multi-winding solenoid
antenna fabricated with printed circuit technology. Multi-winding solenoid antenna 90
contains an inner winding that comprises conductor substrate 92 having inner top layer
conductors 94 connected to inner bottom layer conductors 96 by way of blind vias 98.
Blind vias refer to vias which do not extend through the upper layers of a PCB. Multi-
winding solenoid antenna 90 also contains an outer winding that comprises outer top
layer conductors 95 connected to outer bottom layer conductors 97 by way of vias 99.

The inner and outer windings are separated by two insulating layers 93 and two conductor
9
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substrate layers 92. This process may be repeated to form as many layered windings as
desired.

[0045] FIG. 12 is a top view of the multi-winding solenoid illustrated in FIG. 11.
Solenoid antenna 90 is fabricated with printed circuit technology. Only a subset of each
of the conductor layers, blind vias, and vias are labeled in FIG. 12 for simplicity and
clarity. FIG. 12 illustrates the inner winding (consisting of inner top layer conductors 94,
inner bottom layer conductors 96, and blind vias 98) and the outer winding (consisting of
outer top layer conductors 95, outer bottom layer conductors 97, and vias 99) formed
upon conductor substrate 92. The inner winding is electrically connected to the outer
winding to complete the circuit. For example, FIG. 12 illustrates an inner winding to
outer winding series connection at connection 91. Alternatively, the windings could be
connected in parallel (not shown in FIG, 12).

[0046] FIG. 13 is a cross-sectional view of an exemplary multi-winding solenoid antenna
fabricated with multi-layer technology. As previously described, multi-layer technology
may not allow conductors to be deposited on the back side of the substrate. Thus, in
multi-layer processes, conductors and insulators are deposited in layers on top of a base
substrate. The cross-sectional view of FIG. 13 illustrates the order in which layers are
deposited upon base substrate 102 to form multi-winding solenoid antenna 100. First,
outer bottom layer conductors 103 are deposited upon base substrate 102, followed by
insulating layer 104, and inner bottom layer conductors 105. Next, insulating layer 106 is
deposited upon inner bottom layer conductors 105, followed by inner top layer
conductors 107, then insulating layer 108, and lastly, outer top layer conductors 109 are
deposited upon insulating layer 108 to complete multi-layer stack.

[0047] FIG. 14 is a top view of the multi-winding solenoid antenna illustrated in FIG. 13.
Solenoid antenna 100 is fabricated with multi-layer technology. Only a subset of each of
the conductor layers and edges are labeled in FIG. 14 for simplicity and clarity. FIG. 14
illustrates the inner winding (consisting of inner top layer conductors 107, inner bottom
layer conductors 105) and the outer winding (consisting of outer top layer conductors
109, outer bottom layer conductors 103) of the multi-winding solenoid antenna. By
overlapping the inner layer conductors at the edges, edge connections 110 and 111
complete the electrical connection between inner top layer conductors 107 and inner
bottom layer conductors 105. Likewise, by overlapping the outer layer conductors at the
edges, edge connections 112 and 113 complete the electrical connection between outer

top layer conductors 109 and outer bottom layer conductors 103. Alternatively, vias (not
10
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shown in FIG. 14) may be utilized to connect the top conductors to the bottom
conductors. The inner winding is electrically connected to the outer winding to complete
the circuit. For example, FIG. 14 illustrates an inner winding to outer winding connection
at connection 101. Alternatively, the windings could be connected in parallel (not shown
in FIG. 14).

[0048] Various embodiments of the invention have been described. For example, a
volumetrically efficient solenoid antenna has been described. The solenoid antenna may
be fabricated on or within a printed circuit board of an RFID reader, thereby enabling a
perpendicular orientation of the RFID reader with respect to an RFID tag. This
perpendicular orientation enables the user to point or aim the RFID reader directly at the
RFID tag for efficient information transfer between the reader and a single tag in a
multiple tag environment.

[0049] Nevertheless, various modifications may be made to the embodiments described
herein. For example, in other embodiments, the same solenoid concept may be used for
perpendicular orientation of the RFID reader with respect to an RFID tag without
requiring the solenoid antenna to be fabricated on or within a printed circuit board. The
solenoid antenna may be fabricated on or within other substrates such as, semiconductors,
ceramics, plastic firms and sheets (e.g. polyester), glass, and paper. As another example,
the solenoid antenna may include any number of conductors of various widths.

[0050] The solenoid antenna design may find applications in other RFID components,
such as RFID tags, or other types of readers or devices used in an RFID system.
Moreover, the solenoid antenna design may be useful to many other applications
requiring a short-range wireless communication or sensing link. Examples of such links
include, but are not limited to, badge readers, contactless connectors, proximity sensors,
and short-range data links. These and other embodiments are within the scope of the

following claims.
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CLAIMS:

1. A solenoid antenna comprising:

a first set of circuit traces formed on a first side of a substrate;

a second set of circuit traces formed on a second side of the substrate; and |

a set of vias formed through the substrate to electrically connect the first set of
circuit traces to the second set of circuit traces, wherein the first set of circuit traces, the
second set of circuit traces and the set of vias collectively define an electrically
conductive path of the solenoid antenna, and Wherein the electrically conductive path
defines a coil such that when an electrical current flows through the coil an

electromagnetic field is created.
2. The solenoid antenna of claim 1, wherein the substrate comprises a circuit board.

3. The solenoid antenna of claim 1, wherein the first set of circuit traces are
substantially parallel to each other and the second set of circuit traces are substantially
parallel to each other and wherein the first set of circuit traces are non-parallel to the

second set of circuit traces.

4. The solenoid antenna of claim 1, wherein the first set of circuit traces are
substantially parallel to each other and the second set of circuit traces are substantially
parallel to each other and wherein the first set of circuit traces are offset and substantially

parallel to the second set of circuit traces.

5. The solenoid antenna of claim 1, wherein the first set of circuit traces are
substantially parallel to each other and the second set of circuit traces are substantially
parallel to each other and wherein the first set of circuit traces are stacked directly above

the second set of circuit traces.

6. The solenoid antenna of claim 1, wherein the set of vias comprises a first set of
vias and the electrically conductive path comprises a first electrically conductive path, the
solenoid antenna further comprising a third set of circuit traces, a fourth set of circuit
traces, and a second set of vias that electrically connect the third set of circuit traces to the

fourth set of circuit traces, wherein the third set of circuit traces, the fourth set of circuit
12
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traces and the second set of vias define a second electrically conductive path, wherein the
first electrically conductive path is connected to the second electrically conductive path to

define the solenoid antenna as a multi-winding solenoid antenna.

7. A solenoid antenna comprising a circuit trace that extends along a first side, a first
edge, a second side, and a second edge of a substrate to form a coil encircling the

substrate.

8. The solenoid antenna of claim 7, wherein the circuit trace collectively defines an

electrically conductive path of the solenoid antenna.

9. The solenoid antenna of claim 7, wherein the circuit trace defines multiple
revolutions about the substrate, wherein each of the revolutions is substantially parallel to

the other revolutions on the first side and the second side of the substrate.

10.  The solenoid antenna of claim 7, wherein the electrically conductive path defines
a coil such that when an electrical current flows through the coil an electromagnetic field

is created.

11. A device comprising:

a substrate;

an electrical circuit formed on the substrate; and

a solenoid antenna formed on the substrate and electrically connected to the
electrical circuit wherein the solenoid antenna comprises a first set of circuit traces
formed on a first side of the substrate, a second set of circuit traces formed on a second
side of the substrate, and a set of vias formed through the substrate to electrically connect

the first set of circuit traces to the second set of circuit traces.

12. The device of claim 11, wherein the substrate comprises a circuit board.

13.  The device of claim 11, wherein the first set of circuit traces, the second set of
circuit traces and the set of vias collectively define an electrically conductive path of the

solenoid antenna.
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14. The device of claim 13, wherein the first set of circuit traces are substantially
parallel to each other and the second set of circuit traces are substantially parallel to each .
other and wherein the first set of circuit traces are non-parallel to the second set of circuit

traces.

15. The device of claim 13, wherein the first set of circuit traces are substantially
parallel to each other and the second set of circuit traces are substantially parallel to each
other and wherein the first set of circuit traces are offset and substantially parallel to the

second set of circuit traces.

16.  The device of claim 13, wherein the first set of circuit traces are substantially
parallel to each other and the second set of circuit traces are substantially parallel to each
other and wherein the first set of circuit traces are stacked directly above the second set of

circuit traces.

17. The device of claim 13, wherein the electrical circuit introduces an electrical
current through the electrically conductive path, wherein the electrically conductive path
defines a coil such that when the electrical current flows through the coil an

electromagnetic field is created.

18.  The device of claim 11, wherein the electrical circuit comprises a radio frequency
identification (RFID) tag reading circuit and wherein the device comprises an RFID

reader.

19. A method of creating a solenoid antenna on a substrate comprising:
. forming a first set of circuit traces on a first side of the substrate;
forming a second set of circuit traces on a second side of the substrate; and
forming a set of vias through the circuit board to electrically connect the first set
of circuit traces to the second set of circuit traces such that the first set of circuit traces,
the second set of circuit traces and the set of vias collectively define an electrically

conductive path of the solenoid antenna.
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20.  The method of claim 19, wherein the electrically conductive path substantially
defines a coil such that when an electrical current flows through the coil an

electromagnetic field is created.

21. The method of claim 19, wherein the first set of circuit traces are formed to be
substantially parallel to each other and the second set of circuit traces are formed to be
substantially parallel to each other and wherein the first set of circuit traces are formed to

be non-parallel to the second set of circuit traces.

22. The method of claim 19, wherein the first set of circuit traces are formed to be
substantially parallel to each other and the second set of circuit traces are formed to be
substantially parallel to each other and wherein the first set of circuit traces are formed to

be offset and substantially parallel to the second set of circuit traces.

23.  The method of claim 19, wherein the first set of circuit traces are formed to be
substantially parallel to each other and the second set of circuit traces are formed to be
substantially parallel to each other and wherein the first set of circuit traces are formed to

be stacked directly above the second set of circuit traces.

24.  The method of claim 19, further comprising forfning a first insulating layer over
the first set of circuit traces, forming a second insulating layer over the second set of
circuit traces, forming a third set of circuit traces on a second substrate over the first
insulating layer, forming a fourth set of circuit traces on a third substrate over the second
insulating layer, forming another set of vias through the circuit board to electrically
connect the third set of circuit traces to the fourth set of circuit traces, and electrically
connecting a single trace of the second set of circuit traces to a single trace of the third set

of circuit traces.
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25.  Aradio frequency identification (RFID) tag reader comprising:

a housing:

a circuit board within the housing;

an RFID reader circuit formed on the circuit board; and

a solenoid antenna coupled to the RFID reader circuit, wherein the RFID reader
circuit generates a current through the solenoid antenna to create an electromagnetic field
for interrogation of RFID tags, and wherein the solenoid antenna is configured such that
the electromagnetic field substantially provides maximum energy transfer to the RFID

tags when the circuit board is orthogonal to the RFID tags.

26.  The RFID tag reader of claim 25, wherein the housing defines an ergonomic
direction for directional tag reading along a plane defined by the circuit board, wherein
the electromagnetic field is created to interrogate RFID tags having antennas orthogonal

to the plane defined by the circuit board.

27.  The RFID tag reader of claim 26, further comprising an actuator formed on the
housing to initiate RFID tag reading, wherein the actuator causes the RFID reader circuit
to generate the current through the solenoid antenna, wherein the solenoid antenna is
configured such that a user can aim and shoot the RFID tag reader for effective RFID tag
reading along the plane defined by the circuit board.

28.  The RFID tag reader of claim 25, wherein the solenoid antenna comprises a first
set of circuit traces formed on a first side 6f the circuit board, a second set of circuit traces
formed on a second side of the circuit board, and a set of vias formed through the circuit
board to electrically connect the first set of circuit traces to the second set of circuit

traces.

29.  The RFID tag reader of claim 25, wherein the solenoid antenna comprises a circuit
trace that extends along a first side, a first edge, a second side, and a second edge of a

substrate to form a coil.

30.  The RFID tag reader of claim 28, wherein the first set of circuit traces, the second
set of circuit traces and the set of vias collectively define an electrically conductive path

of the solenoid antenna.
16
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31.  The RFID tag reader of claim 29, wherein the circuit trace defines an electrically

conductive path of the solenoid antenna.

32.  The RFID tag reader of claim 28, wherein the first set of circuit traces are
substantially parallel to each other and the second set of circuit traces are substantially
parallel to each other and wherein the first set of circuit traces are non-parallel to the

second set of circuit traces.

33.  The RFID tag reader of claim 28, wherein the first set of circuit traces are
substantially parallel to each other and the second set of circuit traces are substantially
parallel to each other and wherein the first set of circuit traces are offset and substantially

parallel to the second set of circuit traces.

34,  The RFID tag reader of claim 28, wherein the first set of circuit traces are
substantially parallel to each other and the second set of circuit traces are substantially
parallel to each other and wherein the first set of circuit traces are stacked directly above

the second set of circuit traces.

35.  The RFID tag reader of claim 29, wherein the circuit trace defines multiple
revolutions about the substrate, wherein each of the revolutions is substantially parallel to

the other revolutions on the first side and the second side of the substrate.

36. A solenoid antenna comprising:

a first set of circuit traces formed on a substrate;

an insulating layer formed on the first set of circuit traces;

a second set of circuit traces formed on the insulating layer; and

a set of edge connections formed at edges of the insulating layer to electrically
connect the first set of circuit traces to the second set of circuit traces, wherein the first set
of circuit traces, the second set of circuit traces and the set of edge connections
collectively define an electrically conductive path of the solenoid antenna, and wherein
electrically conductive path defines a coil such that when an electrical current flows

though the coil an electromagnetic field is created.
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37.  The solenoid antenna of claim 36, further comprising a second insulating layer, a
third set of circuit traces, a third insulating layer, a fourth set of circuit traces, a second set
of edge connections formed at the edges of the first and third insulating layers, and an
electrical connection between at least one trace of the second set of circuit traces and at
least one trace of the fourth set of circuit traces collectively forming a multi-winding

solenoid antenna.

38. A method of creating a solenoid antenna on a substrate comprising:

forming a first set of circuit traces on a substrate;

forming an insulating layer on the first set of circuit traces;

forming a second set of circuit traces on the insulating layer; and

forming a set of edge connections at edges of the insulating layer to electrically
connect the first set of circuit traces to the second set of circuit traces such that the first
set of circuit traces, the second set of circuit traces and the set of edge connections

collectively define an electrically conductive path of the solenoid antenna.

39.  The method of claim 38, wherein the electrically conductive path substantially
defines a coil such that when an electrical current flows through the coil an

electromagnetic field is created.

40.  The method of claim 38, further comprising forming a second insulating layer
over the second set of circuit traces, forming a third set of circuit traces over the second
insulating layer, forming a third insulating layer over the third set of circuit traces,
forming a fourth set of circuit traces over the third insulating layer, forming a second set
of edge connections at the edges of the first and third insulating layers, and forming an
electrical connection between at least one trace of the second set of circuit traces and at

least one trace of the fourth set of circuit traces.
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41. A system comprising:
aradio frequency identification (RFID) tag; and

‘ an RFID reader including a solenoid antenna that electromagnetically couples to
the RFID tag for information transfer between the RFID reader and the RFID tag,
wherein the solenoid antenna comprises a set of circuit traces formed on a first side of a
circuit board, a second set of circuit traces formed on a second side of the circuit board,
and a set of vias formed through the circuit board to electrically connect the first set of
circuit traces to the second set of circuit traces, wherein the first set of circuit traces, the
second set of circuit traces and the set of vias collectively define an electrically
conductive path of the solenoid antenna, and wherein the electrically conductive path
defines a coil such that when an electrical current flows through the coil an
electromagnetic field is created to thereby allow the RFID reader to electromagnetically
couple to the RFID tag for information transfer.

42.  The system of claim 41, wherein the solenoid antenna of the RFID reader
electromagnetically couples to the RFID tags when the RFID reader is substantially
orthogbnal to the RFID tags.
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