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Description

Field of the Invention

[0001] This invention relates generally to antenna
structures for wireless communications devices, and
more particularly to compact, high efficiency, electrically
small loop antennas for use in conjunction with portable
wireless communication devices.

Background of the Invention

[0002] The physical size of modem compact commu-
nication devices often is dictated by the size of the an-
tenna needed to make them function effectively. To avoid
devicesthatare too large, pagers and other devices have
made use of electrically small rectangular loop (1/10
wavelength). However, these small antennae tend to be
inefficient as a result of their very low radiation resistance
and comparatively high resistive loss. Likewise, as a re-
sult of their high Q they tend to be sensitive to their phys-
ical environment.

[0003] Yetanother consideration and challenge of de-
signing modem wireless communications devices is the
efficiency of packaging the necessary components within
an increasing smaller physical package. As the overall
size of wireless devices has continued to decrease, a
particularly difficult challenge to those skilled in the rele-
vant arts has been the efficient placement of compo-
nents, such as batteries, antenna structures, RF signal
reception and transmission circuits, and other digital
and/or analog devices or module, within the overall de-
vice package. Especially important has been the place-
ment of antenna structures and assemblies relative to
the RF signal generating components or modules. Those
skilled in the relevant arts recognize the difficulties in pre-
venting electromagnetic coupling between these com-
ponenents.

[0004] To overcome the disadvantages of electrically
small loop antennas, there is a continuing need for an-
tennas smallin physical dimension; having relatively high
efficiency; capable of being placed in close proximity to
associated electronic circuits without adversely effecting
performance; easy to manufacture using standard, low-
cost components; and capable of having radiation pat-
terns altered to support different applications.

[0005] Forsome wireless communications devices, an
antenna assembly may be located remotely from the
electronic device or devicesitis serving. Remote location
of the antenna assembly relative the associated wireless
device may minimize coupling of RF energy into digital
or other circuitry from the strong fields around the anten-
na or for the antenna to have access to signals. GPS
receivers, and BLUETOOTH® or other types of UHF and
microwave digital transceivers, particularly those having
the antenna integrated on or within the device, often ben-
efit by having the antenna assembly remotely disposed
relative to the RF signal generating/ receiving compo-
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nents.

[0006] One limitation associated with a remote anten-
nais that power is lost through the transmission line con-
necting the antenna assembly to the electronics. Obvi-
ously, this is undesirable as it degrades the performance
of the system by increasing the noise and reducing the
transmit power. A decrease in important antenna param-
eters, such as gain, results from power loss in the trans-
mission line. Signal reception is also negatively impacted
by transmission line losses.

[0007] Also known are circular polarization antenna
structures or systems for reception of left hand and right
hand polarized signals. Circular polarization is typical of
satellite systems, such as the Global Positioning System
(GPS). This field is in rapid expansion due to the vast
range of possible applications and the relative low cost
of implementing these systems.

[0008] The fixed and mobile land devices associated
with such systems have required more specialized an-
tennas designed to perform specific functions effectively.
Two types of antennas have to date been used in circular
polarization communication and navigation systems on
mobile devices: the first is the "helix" or helicoidal anten-
na, while the second is known as the "patch" antenna.
[0009] In helicoidal antennas, circular polarization is
obtained by exciting a progressive wave on a helicoidal
wire; the direction of the circular polarization (left or right)
is determined by the sense of helicoidal wire winding.
[0010] The helicoidal antennas have the advantage of
being very simple to design and produce and have a con-
siderable band width which ensures high sensitivity; this
characteristic of the helicoidal antenna makes the toler-
ance range wider, making it possible to use inexpensive
materials which are easy to obtain on the market. This
type of antenna has the added advantage of having a
good gain value in an axial direction with an equally good
axial ratio that, as the experts in the field know, is the
most important reference parameter for the quality of cir-
cular polarization.

[0011] Thedisadvantage of helicoidal antennas is their
by no means negligible height which makes them incon-
venient for certain applications, such as installation on
vehicles or handheld devices where low profile antennas
are required, obviously because they must be stream-
lined.

[0012] The low profile is the main characteristic of the
second type of antenna mentioned above, known as the
patch antenna, where circular polarization is obtained by
exciting a resonant current distribution on a planar con-
ducting surface. The direction of circular polarization is
determined by a precise calculation of the position of the
"point of excitation" of the surface.

[0013] Thistype of antenna, however, requires the use
of relatively expensive materials, and, above all great
precision during setting up and production due to the
small tolerances to respect.

[0014] GB 2,289,163 discloses an antenna device
comprising an electrically conductive closed loop spaced
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above a ground plane, with two connection points spaced
around the loop for connection to a radio frequency trans-
mitter or receiver. The circumference of the loop may be
between 1-half and three quarters of the desired signal
wavelength, whilst the circumference of the loop is typi-
cally set at about five-eights of the wavelength or less.
The shape of the loop is preferably circular, but other
shapes such as squares, hexagons, triangles may be
employed.

[0015] US 5, 945, 959 discloses an antenna device
including a dielectric base body having an upper face
and a lower face in parallel with each other, a radiating
conductor film formed on the upper face of the dielectric
base body, having two ends adjacent to each other in
connecting the two ends in a loop-like shape, and a
grounding conductor film formed on the lower face of the
dielectric base body and extending in a planar shape,
wherein feeding conductor films are formed on a side
face of the dielectric base body, respectively connected
to the two ends of the radiating conductor film, extending
in an up and down direction in parallel with each other,
one of which is connected to the grounding conductor
film.

[0016] USA4,924,237 discloses anantennacomprising
a ground conductor plane, a radiating conductor plane
disposed in parallel space relation to the ground plane
and shorted at its one end to the ground plane. The
ground plane is preferably formed on a printed board
which is disposed in parallel relation to the radiating
plane. An open air space is defined between the ground
plane and radiating plane. No dielectric element is locat-
ed between the ground plane and radiating plane.
[0017] Considering the above state-of-the-art, another
type of circular polarization two-way antenna was de-
signed with the aim of offering all the advantages of both
of the above antennas, without the disadvantages or ap-
plication limitations of either.

Summary of the Invention

[0018] An omni-directional antenna which includes a
conductive loop element supported above a conductive
ground plane of a wireless communication device by a
conductive leg member. The conductive leg member fur-
ther defines a feedpoint at which the antenna is opera-
tively coupled to the device’s signal generating circuitry.
A dielectric element may optionally be disposed between
the loop and ground plane.

[0019] Theimproved antenna displays gain in both the
vertical and horizontal orientations. The horizontal gain
is due to currents in the loop. The vertical gain (perpen-
dicular to the loop and the ground plane) is due to dis-
placement current fields within the conductive leg mem-
ber disposed between the loop and the ground plane.
[0020] Circular polarization is obtained by exciting a
wave along a loop wire. The loop defines a closed path,
which need not necessarily be a circular path. Anantenna
including a rectangularly defined loop is also disclosed
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herein. Different approaches may be utilized to effect
wave polarization (left-hand or right-hand); the first con-
sists in exciting the loop wire at two separate points stag-
gered at an angle of 90 degrees with respect to the center
of the loop wire and providing a source in phase quad-
rature. Alternatively, the loop wire may be excited at only
one point by discriminating one of the two polarizations
by means of a passive probe, a directional probe or other
suitable means.

[0021] The operational frequency band of the antenna
is largely determined by the outside circumference di-
mension of the conductive loop. The outer circumference
dimension is substantially equivalent to 1/2 of the wave-
length of the frequency of response. Thus the system
performs similarly to a 1/2 wave slot antenna. Tuning of
the antenna can be accomplished by adjusting the feed
network. Adjusting the width and location of the conduc-
tive leg member will transition the frequency and imped-
ance.

[0022] Another aspect of the present invention ad-
dresses the problem of power loss in the transmission
line connecting the antennato the RF electronics. In em-
bodiments of the present invention, this concern is ad-
dressed by proving a low noise amplifier (LNA) proximate
the antenna structure. In one preferred embodiment, the
LNA may be disposed within the antenna structure, such
as within a cavity defined in a portion of the antenna.
[0023] Another aspect of the present invention is the
provision of an antenna wherein various components of
the transceiver and/or handset, such as a LNA, are
placed within or under the antenna, importantly without
negatively impacting antenna performance. A LNA with
or without pre/post filter may be disposed within a cavity
of a portion of the antenna assembly. In one preferred
embodiment, the electronic or other components, may
be disposed within a cavity defined within a disk-shaped
dielectric element.

[0024] Yet another aspect of the present invention is
the provision of an antenna structure having a conductive
loop resonator element disposed in operative relation-
ship to a conductive ground plane element. In one em-
bodiment, the conductive ground plane may be the
ground plane of a wireless communications device. In
another embodiment, the conductive ground plane may
be a separate conductive panel or element which is cou-
pled to the ground plane of the wireless device. For ex-
ample, the antenna may be remotely disposed relative
to the wireless device and coupled thereto by a trans-
mission line, such as a coax signal line, etc.

[0025] Yet another feature of embodiments of the
present invention is a notch element in the conductive
leg member. Changes in the notch height can be used
to adjust the antenna match. Further tuning can be ac-
complished by adjusting the width of the ring. As the ring
is made wider, the operational frequency range becomes
higher.

[0026] One advantage of the invention is that the an-
tenna performance is largely independent of the dimen-
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sions of the ground plane. Thus the antenna can be read-
ily adapted to different devices having various ground
plane dimensions.

[0027] The above and other objects and advantageous
features of the present invention will be made apparent
from the following description with reference to the ac-
companying drawings, in which like reference characters
designate the same or similar parts throughout the draw-
ings.

DESCRIPTION OF THE DRAWINGS

[0028]

Fig. 1 shows a perspective view of a wireless com-
munications device utilizing an antenna according
to the present invention;

FIG. 2 is a perspective view of a portion of the wire-
less communications device of FIG. 1, illustrating the
ground plane element and the loop element of the
antenna assembly;

FIG. 3 is another perspective view of a portion of the
wireless communications device of FIG. 1, illustrat-
ing the ground plane element and the loop element
of the antenna assembly;

FIG. 4 is a perspective view of the loop element of
the antenna assembly of FIG. 3;

FIG. 5 is another perspective view of the loop ele-
ment of the antenna assembly of FIG. 3;

FIG. 6isatop plan view of one preferred embodiment
of the loop antenna assembly according to the
present invention;

FIG. 7 is a side elevational view of the preferred em-
bodiment of FIG. 6;

FIG. 8 is a polar chart of gain characteristics of an
antenna assembly of FIG. 6;

FIG. 9is a VWSR vs. frequency plot of the antenna
of FIG. 6;

FIG. 10 is another embodiment of the loop element
of the antenna assembly according to the present
invention;

FIG. 11 is a top plan view of the antenna assembly
of FIG. 10;

FIG. 12 is a side elevational view of the antenna as-
sembly of FIG. 10;

FIG. 13 is another embodiment of the loop element
of the antenna assembly according to the present
invention;

FIG. 14 is a top plan view of the embodiment of FIG.
13;

FIGS. 15-18 are side elevational views of the em-
bodiment of FIG. 13;

FIG. 19is a perspective view of another embodiment
of an antenna assembly according to the present
invention;

FIG. 20 is a perspective view of another embodiment
of an antenna assembly according to the present
invention;
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FIG. 21 is a perspective view of the antenna assem-
bly of FIG. 20;

FIG. 22 is a perspective view of another embodiment
of an antenna assembly according to the present
invention illustrating an alternative feed approach;
and

FIG. 23 is a perspective view of another embodiment
of an antenna assembly according to the present
invention illustrating an alternative feed approach.

Detailed Description of Preferred Embodiments

[0029] FIG. 1 illustrates an antenna assembly 10 dis-
posed within a wireless communications device 12, such
as a cellular telephone or PDA device. The antenna as-
sembly 10 includes a circular loop resonator element 14
defining a loop surface 16 disposed away from a ground
plane element 20. The ground plane element 20 may be
ground plane of a printed wiring board of the device 12
or may be a separate conductive element which is cou-
pled to the ground plane of the device 12.

[0030] In preferred embodiments, the antenna assem-
bly 12 can be implemented to transmit and receive on
desired frequencies, including analog or digital U.S. or
European cell phone bands, PCS cell phone bands, 2.4
GHz BLUETOOTH® bands, or other frequency bands
as would be obvious to one skilled in the art.

[0031] The antenna assembly 10 is disposed near the
upper portion of the device 12 (away from the user’s hand
during operation), and is received and incorporated with-
in the housing 22 of the device 12. Although the antenna
assembly 10 can be installed in locations within or exter-
nal to the housing 22, it is presently preferred that it be
disposed within the housing 22. Wireless communication
device 12 contains an electronic device, such as a re-
ceiver and/or transmitter herein referred for convenience
together as a transceiver component 24.

[0032] Referring nowto FIGS. 2-7, the loop surface 16
of the circular loop resonator element 14 is disposed in
substantially parallel relationship to the ground plane el-
ement 20. Ground plane 20 is illustrated herein as a sub-
stantially rectangular form. It should be recognized that
ground plane 20 may assume alternative shapes or
forms, provided that at least one major dimension is ap-
proximately ¥ wavelength long at the lowest frequency
of operation. A conductive leg element 26 is contiguous
with and extends from an edge of the loop surface 16
toward the ground plane element and defines a feed tab
28 for the antenna assembly 12. The feed tab 28 is op-
eratively coupled to the transceiver signal input/output
component 24, such as via a coax line 25 of FIG. 5. The
conductive leg element 26 further defines a ground tab
30 for coupling the leg element 26 to a circuit ground.
Loop resonator 14 is thus electrically connected to the
ground plane 20 via the ground tab 30. A slot-like re-
moved portion 32 is defmed between the feed tab 28 and
the ground tab 30 of the conductive leg element 26. In
one preferred embodiment, the slot-like removed portion
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32is illustrated as a slot having generally parallel edges.
Alternative embodiments of the slot-like removed portion
32 may be practicable, including but not limited to notch
structures, or other removed portions. The dimensions
of the loop resonator element 14 may be varied to con-
form to a portion of the housing 22. Those skilled in the
arts will appreciate that the design and selection of the
loop resonator element 14 with reference to a particular
wireless communication device may result in such com-
plex shapes.

[0033] Inthe embodiment of FIGS. 2-7, a disk-shaped
dielectric element 40 is disposed between the conductive
loop resonator element 14 and the ground plane 20. The
dielectric element 40 may include a glass filled polymer
such as ULTEM 1000 (available from Boedeker Plastics,
Inc. of Shiner, TX) for the dielectric disk. This material is
a glass filled polymer which has a dielectric constant of
approximately 3.15. This dielectric material is suitable for
the antenna 10 to be surface mounted through a thermal
reflow solder process. Other dielectric materials can be
used as well. Those skilled in the relevant art will appre-
ciate that selection of a dielectric material having a higher
dielectric constant can result in a smaller, more compact,
antenna 10. Dielectric constant values are preferably in
the range from 1 to 35. The selection of dielectric mate-
rials should include considerations including high tem-
perature resistance, and low loss factor for antenna per-
formance. Other dielectric materials which may be suit-
able include ceramic materials, and aerogels. Ceramic
filled plastics can also be used, such as TMM material
manufactured by Rogers Corporation, of Chandler, Ari-
zona, which is available in dielectric constant values from
3to 10, and which is resistant to solder reflow tempera-
tures. TMM material consists of a hydrocarbon thermoset
plastic (ceramic-filled) that provides a tight control of di-
electric constant, low loss, and excellenttemperature sta-
bility. The dielectric element 40 may include a cavity into
which one or more components of the WCD 12 may be
disposed. FIGS. 20 - 21 illustrate such an embodiment
as further described herein.

[0034] The conductive loop resonator element 14 and
leg element 26 can be integrally manufactured from a
single conductive metal or other suitable conductive ma-
terial. In one embodiment, as illustrated in FIGS. 6 and
7, the conductive metal would be 0.25 mm thick brass
for operation about the 2.4-2.5 GHz frequency range.
The conductive members 14, 26 can be shaped by
stamping, milling, plating or other suitable method as
would be obvious to one skilled in the relevant arts. The
conductive members 14, 26 may also be overmolded with
a polymeric dielectric 40, or mechanically secured onto
the dielectric member 40. In another embodiment (not
shown), the conductive members 14, 26 may be selec-
tively plated onto the dielectric member 40 using electro-
Iytic or electroless or other suitable methods. One par-
ticular method would employ the MID technology of two
shot molding followed by electroless plating. In another
embodiment the manufacturing method may employ in-
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sert molding over the existing conductive portion.
[0035] The loop resonator element 14 can be soldered
onto the wiring board of the communication device 12 for
electrical and mechanical coupling of the feed tab 28 to
the signal transceiver component 24, and the ground tab
30 to the ground portion of the transceiver component
24. Alternatively, a microstrip feedline (not shown) from
the communication device 12 to the antenna 10 can also
be employed.

[0036] A primary advantage of this invention is that
multiple polarizations can be obtained from a very com-
pact design. As illustrated in FIG. 8, the unit produces
right hand and left hand circular polarizations as well as
vertical and horizontal responses. With reference to FIG.
3, the right hand side of the antenna 10 transmits and
receives right hand circular polarized radiation, while the
left side of the antenna 10 transmits and receives left
hand circular polarized radiation. The antenna 10 also
transmits and receives vertical polarization in the azi-
muthal direction which is nearly perfectly omni-direction-
al, and horizontal polarization at zenith.

[0037] As a result, the antenna 10 is particularly well
suited for GPS usage at 1.575 GHz due to the right hand
circular polarization response. The antenna 10 can also
be built scaled in size to perform in the BLUETOOTH®
frequency band, at 2.4 GHz. This antenna 10 is also well
suited for BLUETOOTH® and ISM applications since the
multiple dimensions of polarization performance allow
the unit to be oriented in many angles of configuration
and still have good response. Thus the antenna 10 can
be used in a handheld device 12 which can be carried in
any orientation and still provide acceptable signal trans-
mission and reception quality.

[0038] Referring again to FIG. 8, it has been deter-
mined that the antenna has both a right hand and left
hand CP componentat @=90° and -90° respectively. The
antenna 10 can be considered as a 1/2 wave loop an-
tenna with an electrical distance around the ring of 1/2
wavelength at 2.45 GHz. Describing the antenna 10 in
this manner leads to the definition of points about the ring
corresponding to distances along the wavelength. In Fig-
ure 3 the 0, 1/4 and 1/2 wavepoints are indicated by A,
B and C respectively.

[0039] Atresonance, a current standing wave (CSW)
issetup aroundthering 16. In addition, a voltage standing
wave (VSW), phase shifted 90°, is established between
the ring 16 and the groundplane 20. The conduction cur-
rent of the CSW produces a horizontally polarized E-field
and the displacement current from the VSW produces a
vertically polarized E-field. Circular polarization requires
a 90° phase shift between polarizations, which is inherent
in this design. As a second requirement for circular po-
larization, the E-fields from the two polarizations must be
equal in magnitude. This second requirement does not
occur at any of the locations on the ring having either a
current or a voltage null (0, 1/4 and 1/2 wave points).
However, between these locations, including possibly
the 1/8 or 3/8 wave points, it may occur that the magnitude
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of the E-field components are approximately equal. In
addition, the antenna assembly 10 may display right- and
left-hand circular polarization responses at @=90° and
-90° respectively, near the 1/8 and 3/8 wavelength points.
FIG. 9illustrates the voltage standing wave ratio (VWSR)
vs. frequency plot for the antenna of FIGS. 6-7. The ra-
diation pattern of this particular antenna is nearly omni-
directional for vertical polarization, in the plane which is
parallel to the ground plane. In comparison, this radiation
pattern is substantially different from a typical PIFA an-
tenna pattern.

[0040] Minor tuning adjustments may be necessary
upon integration of the antenna assembly 19 into the
wireless device 12. Two dimensions on the antenna 10
can be adjusted to tune the antenna 10 into the desired
operational band. To tune the antenna 10 to a lower fre-
guency, material can be removed from the left side of the
conductive leg element 26 and ground tab 30 as shown
in FIG. 4 as phantom lines 60. Changes should be of the
order of 0.25 mm to change the resonance frequency by
25 MHz. These numbers are not exact but do give an
order of magnitude. This removal of the material makes
the slot longer and thereby lowers the frequency. To ad-
just the match to a higher impedance the slot between
the leg element 26 and ground tab 30 and the feed tab
26 should be lengthened (as indicated by phantom line
70 in FIG. 4). Relatively minor changes of the order of
0.25 mm should be necessary.

[0041] FIGS. 10-12 illustrate another embodiment of
an antenna assembly 10 for a wireless communications
device 10. In this embodiment, a conductive leg member
50includes a feed point 52 defined a distance away from
both the ground plane 20 of the device 12 and the ground
tab 54 of the conductive leg member 50. Coupling to the
device transceiver component 24 may be via a coax or
other signal line.

[0042] FIGS. 13-18 illustrate yet another embodiment
of an antenna assembly 10 for a wireless communica-
tions device 10. The loop resonator 14 and dielectric sub-
strate element 40 of this embodiment are preferably rec-
tangular in form, and yet more preferably substantially
square in shape. FIGS. 14 -18 are additional views of the
antenna of FIG. 13. The antenna of FIGS. 13-18 include
a plurality of side conductor panels 70, 72, 74 electrically
coupled to the loop resonator element 14 proximate its
perimeter. In this embodiment, a conductive leg member
60 includes a feed point 62 defined a distance away from
both the ground plane 20 of the device 12 and the ground
tab 64 of the conductive leg member 60. As a result, a
50 ohm unbalanced electrical feed point is provided be-
tween feed point 62 and ground tab 64. Coupling to the
device transceiver component 24 may be via a coax or
other signal line.

[0043] Referring now to FIG. 19, another embodiment
of an antenna assembly 10 according to the present in-
vention is illustrated. In this embodiment, the antenna 10
may be disposed away from the associated wireless
communications device 12. The loop surface 16 of the
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circular loop resonator element 14 is disposed in sub-
stantially parallel relationship to the ground plane ele-
ment 20 which may be a conductive element separate
from the ground plane of the wireless device 12. It should
be recognized that ground plane 20 may assume alter-
native shapes or forms, provided that at least one major
dimension is approximately Y4 wavelength long at the
lowest frequency of operation. A conductive leg element
26 is contiguous with and extends from an edge of the
loop surface 16 toward the ground plane element and
defines a feed tab 28 for the antenna assembly 12. The
feed tab 28 is operatively coupled via a conductor 78 to
the output 80 of a low noise amplifier 82 which is coupled
to a transmission line, such as coax line 25. The shield
conductor 84 of the coax line 25 is coupled to the ground
plane 20 of the antenna assembly. In this embodiment
of the present invention, a component, such as a low
noise amplifier 82, is disposed between in a region 81
between the conductive loop resonator element 14 and
the ground plane 20. One or more components, such as
circuits or other electronic devices or systems, may be
disposed in such relationship, i.e., between the conduc-
tive loop resonator element 14 and the ground plane 20.
It has been determined that for preferred operability of
the antenna assembly 10 the height of the component(s)
or circuit(s) disposed between the loop resonator ele-
ment 14 and the ground plane 20 should be less than
approximately 50% of the distance between the loop res-
onator 14 and the ground plane 20.

[0044] Similar to the embodiment of FIGS. 3-7, the
conductive leg element 26 further defines a ground tab
30 for coupling the leg element 26 to the ground plane
20. Loop resonator 14 is thus electrically connected to
the ground plane 20 via the ground tab 30. A slot 32 is
defined between the feed tab 28 and the ground tab 30
of the conductive leg element 26. The dimensions of the
loop resonator element 14 may be varied to conform to
a portion of the housing 22. Those skilled in the arts will
appreciate that the design and selection of the loop res-
onator element 14 with reference to a particular wireless
communication device 12 may result in such complex
shapes.

[0045] Inthe embodiment of FIGS. 20 and 21, a disk-
shaped dielectric element 40 is disposed in the region
81 between the conductive loop resonator element 14
and the ground plane 20. The dielectric element 40 may
include aglassfilled polymer suchas ULTEM 1000 (avail-
able from Boedeker Plastics, Inc. of Shiner, TX) for the
dielectric disk. This material is a glass filled polymer
which has a dielectric constant of approximately 3.15.
This dielectric material is suitable for the antenna 10 to
be surface mounted through a thermal reflow solder proc-
ess. Other dielectric materials can be used as well. Those
skilled in the relevant art will appreciate that selection of
a dielectric material having a higher dielectric constant
can result in a smaller, more compact, antenna 10. Die-
lectric constant values are preferably in the range from
1 to 35. The selection of dielectric materials should in-



11 EP 1330852 B1 12

clude considerations including high temperature resist-
ance, and low loss factor for antenna performance. Other
dielectric materials which may be suitable include ceram-
ic materials, and aerogels. Ceramic filled plastics can
also be used, such as TMM material manufactured by
Rogers Corporation, of Chandler, Arizona, which is avail-
able in dielectric constant values from 3 to 10, and which
is resistant to solder reflow temperatures. TMM material
consists of a hydrocarbon thermoset plastic (ceramic-
filled) that provides a tight control of dielectric constant,
low loss, and excellent temperature stability. As particu-
larly illustrated in FIG. 21, the dielectric element 40 may
include a cavity 86 into which one or more components
of the WCD 12, such as the low noise amplifier 82, may
be disposed. One or more components of the wireless
device 12 may be placed within the cavity or cavities 86
of a dielectric element 40.

[0046] Referring now to FIGS. 22 and 23, alternative
feed approaches are illustrated for use with a loop reso-
nator element 14. The feed structure 90 of FIG. 22 in-
cludes a pair of conductive wires 92, 94 coupled to the
center conductor 83 and shield conductor 84 of coax line
25, respectively. Shield conductor 84 and conductive
wire 94 are connected to the ground plane 20. The con-
ductive wires 92, 94 may have circular cross sections
with a diameter, D,. The conductive wires 92, 94 are
disposed away from each other a distance, D;. Tuning
of the feed structure 90 may be accomplished by varying
the distances D; and D,.

[0047] The feed structure 98 of FIG. 23 is a high im-
pedance (voltage feed) structure which includes an in-
ductor 100 and capacitor 102 coupled in parallel. The
inductor 100 and capacitor 102 may be separate, discrete
components, or may be incorporated within a LC tuning
network. The center conductor 83 of a coax feed line 25
is coupled proximate to the inductor 100, and the shield
conductor 84 is coupled to the ground plane 20. The feed
structures 90, 98 of FIGS. 22 and 23 are illustrated to
include a coax signal line 25. Alternative signal lines may
also be practicable in alternative embodiments of the an-
tenna, e.g., a micro-strip transmission line.

Claims

1. Anantennaassembly for awireless communications
device (10) operating at a predetermined operational
wavelength and having atransceiver circuitincluding
a signal port and a ground plane, said antenna as-
sembly comprising:

agenerally planar conductive loop element (14),
said conductive loop element being disposed a
predetermined distance away from the ground
plane (20) and in general parallel alignment with
the ground plane (20) to define aregion between
the loop element (14) and the ground plane (20),
said region sized to receive a component asso-

10

15

20

25

30

35

40

45

50

55

ciated with the wireless communications device;
and

a conductive feed structure coupled to the con-
ductive loop element (14) and extending toward
the ground plane (20), said conductive feed
structure having a feed point connection and a
ground connection, wherein the assembly fur-
ther comprises a dielectric element (40) dis-
posed in the region between the conductive loop
element (14) and the ground plane (20),

characterized in that the conductive loop element
has an electrical length of approximately one half of
the predetermined wavelength and the dielectric el-
ement (40) includes an interior cavity for receiving a
component associated with the wireless communi-
cations device.

An antenna assembly according to claim 1, wherein
the feed structure includes aleg member (26) having
an upper end and a lower end, said upper end being
coupled to the loop element (14), said lower end be-
ing coupled to the ground plane (20) at a ground
connection location and the signal output at a feed
point location, said leg member (26) having a slot-
like removed portion (32) defined between the feed
point location and the ground connection location.

An antenna assembly according to claim 2, wherein
the conductive leg member (26) is coupled to the
signal output connection at a feed point location, said
leg member (26) having a slot-like removed portion
(32) defined between the feed point location and the
ground connection location.

An antenna assembly according to claims 2 or 3,
wherein the conductive leg member (26) is generally
planar and includes a feed tab (28) at the feed point
location and a grounding tab (30) at the ground con-
nection location.

An antenna assembly according to any one of claims
2to 4, wherein the conductive loop element (14) and
the conductive leg member (26) are integrally formed
from a single metal part.

An antenna assembly according to any one of claims
2 to 5, wherein the leg member (26) is disposed in
substantially perpendicular relationship to the loop
element (14).

An antenna assembly according to claim 1, wherein
the feed structure includes a pair of conductive wires,
a first wire defining the feed point connection and
the other wire defining the ground connection.

An antenna assembly according to claim 7, wherein
the feed structure includes an inductor and a capac-
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itor coupled in parallel.

An antenna assembly according to any preceding
claim, wherein the predetermined distance between
the conductive loop element (14) and the ground
plane (20) is between approximately 0.02 to 0.06 of
the operational wavelength.

An antenna assembly according to any preceding
claim, wherein the loop element (14) has a generally
rectangular cross section.

An antenna assembly of any one of claims 1 to 9,
wherein the loop element (14) is generally circular.

An antenna assembly according to any preceding
claim, wherein the dielectric element (40) is in con-
tact with the loop element.

Anantennaassembly of any preceding claim, where-
in the electronic component has a height dimension
of approximately 50% of an interior cavity height di-
mension.

Anantennaassembly of any preceding claim, where-
in the electronic componentincludes alow noise am-
plifier having an output which is coupled to loop el-
ement proximate the feed point location.

An antenna assembly any preceding claim, wherein
the loop element (14) is disposed on a side of a print-
ed wiring board which faces away from a user during
intended operation of the wireless communications
device.

Patentanspriiche

1.

Antennenanordnung fur ein Funkkommunikations-
gerét (10), das auf einer vorab festgelegten Betriebs-
wellenlange arbeitet und eine Transceiver-Schal-
tung aufweist, die einen Signalanschlufl3 und eine
Masseplatte enthalt, wobei die Antennenanordnung
umfaft:

ein im allgemeinen planares leitfahiges Schlei-
fenelement (14), wobei genanntes leitfahiges
Schleifenelement in einem vorab festgelegten
Abstand von der Masseplatte (20) weg und in
allgemeiner paralleler Ausrichtung mit der Mas-
seplatte (20) angeordnet ist, um ein Gebiet zwi-
schen dem Schleifenelement (14) und der Mas-
seplatte (20) zu definieren, wobei das Gebiet so
dimensioniertist, dafd es eine zum Funkkommu-
nikationsgerat zugehdrige Komponente auf-
nimmt, und

eine leitfahige Speisestruktur, die mit dem leit-
fahigen Schleifenelement (14) gekoppeltist und
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in Richtung auf die Masseplatte (20) verlauft,
wobei genannte leitfahige Speisestruktur eine
Speisepunktverbindung und eine Masseverbin-
dung aufweist, wobei die Anordnung ferner ein
dielektrisches Element (40) aufweist, dasindem
Gebiet zwischen dem leitfahigen Schleifenele-
ment (14) und der Masseplatte (20) angeordnet
ist, dadurch gekennzeichnet, dal das leitfa-
hige Schleifenelement eine elektrische Lange
von naherungsweise der halben vorab festge-
legten Wellenldnge aufweist und das dielektri-
sche Element (40) einen inneren Hohlraum zur
Aufnahme einer zum Funkkommunikationsge-
rat zugehdérigen Komponente enthalt.

Antennenanordnung nach Anspruch 1,dadurch ge-
kennzeichnet, dal} die Speisestruktur ein Schen-
kelteil (26) mit einem oberen und einem unteren En-
de enthélt, wobei genanntes oberes Ende mit dem
Schleifenelement (14) gekoppelt ist, wobei genann-
tes unteres Ende mit der Masseplatte (20) an einer
Masseverbindungsstelle und dem Signalausgang
an einer Speisepunktstelle gekoppelt ist, wobei ge-
nanntes Schenkelteil (26) einen schlitzartigen ent-
fernten Abschnitt (32) aufweist, der zwischen der
Speisepunktstelle und der Masseverbindungsstelle
definiert ist.

Antennenanordnung nach Anspruch 2, dadurch ge-
kennzeichnet, dalR das leitfahige Schenkelteil (26)
mit der Signalausgangverbindung an einer Speise-
punktstelle gekoppelt ist, wobei genanntes Schen-
kelteil (26) einen schlitzartigen entfernten Abschnitt
(32) aufweist, der zwischen der Speisepunktstelle
und der Masseverbindungsstelle definiert ist.

Antennenanordnung nach Anspruch 2 oder 3, da-
durch gekennzeichnet, dal  das leitfahige Schen-
kelteil (26) allgemein planar ist und eine Speisezun-
ge (28) an der Speisepunktstelle und eine Masse-
zunge (30) an der Masseverbindungsstelle enthalt.

Antennenanordnung nach einem der Anspriche 2
bis 4, dadurch gekennzeichnet, dal  das leitfahige
Schleifenelement (14) und das leitfahige Schenkel-
teil (26) aus einem einzigen Metallteil einteilig aus-
gebildet sind.

Antennenanordnung nach einem der Anspriiche 2
bis 5, dadurch gekennzeichnet, da3 das Schen-
kelteil (26) in einer im wesentlichen senkrechten Be-
ziehung zum Schleifenelement (40) angeordnet ist.

Antennenanordnung nach Anspruch 1, dadurch ge-
kennzeichnet, daf3 die Speisestruktur ein Paar leit-
fahige Drahte enthalt, wobei ein erster Draht die
Speisepunktverbindung definiert und der andere
Draht die Masseverbindung definiert.
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Antennenanordnung nach Anspruch 7,dadurch ge-
kennzeichnet, dal die Speisestruktur eine Indukti-
vitét und einen parallel angeschlossenen Konden-
sator enthalt.

Antennenanordnung nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet,da? der
vorab festgelegte Abstand zwischen dem leitfahigen
Schleifenelement (14) und der Masseplatte (20) zwi-
schen ungeféhr 0,02 bis 0,06 der Betriebswellenlan-
ge betragt.

Antennenanordnung nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, dai3
das Schleifenelement (14) einen im allgemeinen
rechteckigen Querschnitt aufweist.

Antennenanordnung nach einem der Anspriche 1
bis 9, dadurch gekennzeichnet, da? das Schlei-
fenelement (14) im allgemeinen kreisférmig ist.

Antennenanordnung nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, dal3
das dielektrische Element (40) mit dem Schleifen-
element in Kontakt steht.

Antennenanordnung nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, daR  die
elektronische Komponente eine Héhenabmessung
von ungefahr 50% der Hohenabmessung eines in-
neren Hohlraums aufweist.

Antennenanordnung nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, dal  die
elektronische Komponente einen rauscharmen Ver-
starker mit einem Ausgang enthalt, der mit dem
Schleifenelement in der Nahe der Speisepunktstelle
gekoppelt ist.

Antennenanordnung nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, dal3
das Schleifenelement (14) auf einer Seite einer Lei-
terplatte angeordnet ist, die wahrend des vorgese-
henen Betriebs des Funkkommunikationsgerats von
einem Benutzer abgewandt ist.

Revendications

Ensemble antenne pour un dispositif de communi-
cations sans fil, fonctionnant a une longueur d’onde
opérationnelle prédéterminée et ayant un circuit
émetteur-récepteur incluant un port signal et un plan
de masse, ledit ensemble antenne comprenant :

un élément conducteur a boucle généralement
plan (14), ledit élément conducteur a boucle
étant disposé a une distance prédéterminée
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2.

éloignée du plan de masse (20) et en alignement
généralement paralléle avec le plan de masse
(20) pour définir une région entre I'élément a
boucle (14) et le plan de masse (20), ladite ré-
gion étant dimensionnée pour recevoir un com-
posant associé au dispositif de communications
sans fil ; et

une structure d’alimentation conductrice cou-
plée a I'élément conducteur a boucle (14) et se
trouvant vers le plan de masse (20), ladite struc-
ture d’alimentation conductrice ayant une con-
nexion de point d’alimentation et une connexion
de masse, I'ensemble comprenant de plus un
élément diélectrique (40) disposé dans larégion
entre I'élément conducteur a boucle (14) et le
plan de masse (20), caractérisé en ce que
I'élément conducteur a boucle a une longueur
électrique d’approximativement la moitié de la
longueur d’'onde prédéterminée etl'élément dié-
lectrique (40) inclut une cavité interne pour re-
cevoir un composant associé au dispositif de
communications sans fil.

Ensemble antenne selon la revendication 1, dans
lequel la structure d’alimentation inclut un élément
a patte (26) ayant une extrémité supérieure et une
extrémité inférieure, ladite extrémité supérieure
étantreliée al’élémentaboucle (14), ladite extrémité
inférieure étant reliée au plan de masse (20) & un
emplacement de connexion de la masse et la sortie
du signal a un emplacement du point d’alimentation,
ledit élément a patte (26) ayant une partie supprimée
en forme de fente (32) définie entre 'emplacement
du point d’alimentation et I'emplacement de con-
nexion de la masse.

Ensemble antenne selon la revendication 2, dans
lequel I'élément conducteur a patte (26) est relié a
la connexion de sortie du signal au niveau d’'un em-
placement du point d’alimentation, ledit élément a
patte (26) ayant une partie supprimée en forme de
fente (32) définie entre I'emplacement du point d’ali-
mentation et ’'emplacement de connexion de la mas-
se.

Ensemble antenne selon la revendication 2 ou 3,
dans lequel I'élément conducteur a patte (26) est
généralement plan et comporte un ergot d’alimenta-
tion (28) au niveau de I'emplacement du point d’ali-
mentation et un ergot de mise a la masse (30) au
niveau de I'emplacement de connexion de la masse.

Ensemble antenne selon une quelconque des re-
vendications 2 a 4, dans lequel I'élément conducteur
a boucle (14) et I'élément conducteur a patte (26)
sont formés intégralement a partir d’'une piece mé-
talliqgue unique.
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Ensemble antenne selon une quelconque des re-
vendications 2 a 5, dans lequel I'élément & patte (26)
est disposé dans une relation sensiblement perpen-
diculaire par rapport a I'élément a boucle (14).

Ensemble antenne selon la revendication 1, dans
lequel la structure d’alimentation inclut une paire de
fils conducteurs, un premier fil définissant la con-
nexion du point d’alimentation et I'autre fil définissant
la connexion de la masse.

Ensemble antenne selon la revendication 7, dans
lequel la structure d’alimentation inclut un inducteur
et un condensateur reliés en paralléle.

Ensemble antenne selon une quelconque revendi-
cation précédente, dans lequel la distance prédéter-
minée entre I'élément conducteur a boucle (14) etle
plan de masse (20) se trouve entre approximative-
ment 0,02 a 0,06 de la longueur d’'onde opération-
nelle.

Ensemble antenne selon une quelconque revendi-
cation précédente, dans lequel I'élément a boucle
(14) a une coupe transversale généralement rectan-
gulaire.

Ensemble antenne selon une quelconque des re-
vendications 1 a 9, dans lequel I'élément & boucle
(14) est généralement circulaire.

Ensemble antenne selon une quelconque revendi-
cation précédente, dans lequel I'élément diélectri-
que (40) est en contact avec I'élément a boucle.

Ensemble antenne d’'une quelconque revendication
précédente, dans lequel le composant électronique
a une dimension en hauteur d’approximativement
50% d’une dimension en hauteur de la cavité interne.

Ensemble antenne d’'une quelconque revendication
précédente, dans lequel le composant électronique
inclut un amplificateur a faible bruit ayant une sortie
qui est reliée a I'élément a boucle a proximité de
I'emplacement du point d’alimentation.

Ensemble antenne selon une quelconque revendi-
cation précédente, dans lequel I'élément a boucle
(14) est disposé d’'un c6té d'une carte a cablage im-
primé qui fait face a distance d’un utilisateur durant
le fonctionnement souhaité du dispositif de commu-
nications sans fil.
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FIG. 3
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