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(57) ABSTRACT

An antenna incorporating slow wave structures. The antenna
comprises at least two conductive serpentine structures
disposed on a dielectric substrate and further comprising an
oppositely disposed conductive top plate electrically con-
nected to the conductive serpentine structures and farther
electromagnetically connected thereto. In one embodiment
the antenna further comprises a ground plane below the
dielectric substrate.
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WIDEBAND LOW PROFILE SPIRAL-SHAPED
TRANSMISSION LINE ANTENNA

[0001] This application claims the benefit of the provi-
sional patent application filed on Dec. 27, 2001, entitled
Wide Band Low Profile Spiral Shaped Transmission Line
Antenna and assigned application No. 60/344,255.

FIELD OF THE INVENTION

[0002] The present invention relates generally to antennas
for receiving and transmitting radio frequency signals, and
more specifically to a low profile wideband antenna includ-
ing at least two spiral elements.

BACKGROUND OF THE INVENTION

[0003] 1t is generally known that antenna performance is
dependent on the antenna size, shape and the material
composition of certain antenna elements, as well as the
relationship between the wavelength of the received/trans-
mitted signal and antenna physical parameters (that is,
length for a linear antenna and diameter for a loop antenna).
These relationships and physical parameters determine sev-
eral antenna performance characteristics, including: input
impedance, gain, directivity, polarization and radiation pat-
tern. Generally, for an operable antenna, the minimum
effective electrical length (which for certain antenna struc-
tures, for example antennas incorporating slow wave ele-
ments, may not be equivalent to the antenna physical length)
must be on the order of a quarter wavelength (or a multiple
thereof) of the operating frequency. A quarter-wavelength
antenna limits the energy dissipated in resistive losses and
maximizes the energy transmitted. Quarter and half wave-
length antennas are the most commonly used.

[0004] The radiation pattern of the half-wavelength dipole
antenna is the familiar omnidirectional donut shape with
most of the energy radiated uniformly in the azimuth direc-
tion and little radiation in the elevation direction. Frequency
bands of interest for certain communications devices are
1710 to 1990 MHz and 2110 to 2200 MHz. A half-wave-
length dipole antenna is approximately 3.11 inches long at
1900 MHz, 3.45 inches long at 1710 MHz, and 2.68 inches
long at 2200 MHz. The typical antenna gain is about 2.15
dBi.

[0005] The quarter-wavelength monopole antenna placed
above a ground plane is derived from a half-wavelength
dipole. The physical antenna length is a quarter-wavelength,
but when disposed above a ground plane the antenna per-
formance resembles that of a half-wavelength dipole. Thus,
the radiation pattern for a quarter wavelength monopole
antenna above a ground plane is similar to the half-wave-
length dipole pattern, with a typical gain of approximately 2
dBi.

[0006] Printed or microstrip antennas are constructed
using the principles of printed circuit board processing,
where conductive layers on one or more dielectric substrates
are patterned, masked and etched to form the antenna
elements. The conductive layers or interconnecting vias
serve as the radiating element(s). These antennas are popular
because of their low profile, ease of manufacture and low
fabrication cost.

[0007] One such antenna is the patch antenna, comprising
in stacked relationship, a ground plane, a dielectric sub-
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strate, and a radiating element overlying the substrate top
surface. The patch antenna provides directional hemispheri-
cal coverage with a gain of approximately 3 dBi. The patch
antenna exhibits a relatively bandwidth and low radiation
efficiency, i.e., the antenna exhibits relatively high losses
within its radiation bandwidth. Patch antennas can be
stacked or disposed in a single plane with a predetermined
spacing therebetween to synthesize the desired radiation
pattern that may not be achievable with a single patch
antenna.

[0008] The common free space (i.e., not above a ground
plane) conventional loop antenna, with a diameter of
approximately one-third the operative wavelength, also dis-
plays the familiar omnidirectional donut radiation pattern
along the radial axis, and exhibits a gain of about 3.1 dBi.
At 1900 MHz the loop antenna has a diameter of about two
inches. The typical loop antenna impedance is about 50
ohms, providing good matching characteristics to the feed
transmission line.

[0009] The burgeoning growth of wireless communica-
tions devices and systems has created a need for physically
smaller, less obtrusive and more efficient antennas that are
capable of wide bandwidth and/or multiple resonant fre-
quency operation. As the physical enclosures for pagers,
cellular telephones and wireless Internet access devices
shrink, manufacturers continue to demand improved perfor-
mance, multiple operational modes and smaller sizes for
today’s antennas.

[0010] Smaller packaging envelopes may not provide suf-
ficient space for the conventional quarter and half-wave-
length antenna elements. Also, as is known to those skilled
in the art, there is a direct relationship between antenna gain
and antenna physical size. Increased gain requires a physi-
cally larger antenna, while users continue to demand physi-
cally smaller antennas.

[0011] Given the advantages and efficiencies of a quarter
wavelength antenna, prior art antennas have typically been
constructed with elemental lengths on the order of a quarter
wavelength of the radiating frequency. These dimensions
allow the antenna to be easily excited and to be operated at
or near a resonant frequency, thereby limiting the energy
dissipated in resistive losses and maximizing the transmitted
energy. But, as the resonant frequency decreases, the reso-
nant wavelength increases and the antenna dimensions also
increase.

[0012] As a result, some antenna designers have turned to
the use of so-called slow wave structures where the physical
antenna dimensions do not directly represent the effective
electrical length of the antenna element. As discussed above,
but for the use of such slow wave structures, the antenna
length must be on the order of a half wavelength to achieve
the beneficial radiating properties. The use of a slow wave
structure as an antenna element de-couples the conventional
relationship between physical length and resonant fre-
quency. The effective electrical length of the slow wave
structure is greater than it’s actual physical length, as shown
in the equation below.

le=(ec)xly,

[0013] where 1, is the effective electrical length, 1, is the
actual physical length, and €. is the dielectric constant (e,)
of the dielectric material on which the slow wave structure
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is disposed. Generally, a slow wave structure is defined as
one in which the phase velocity of the traveling wave is less
than the free space velocity of light. Slow wave structures
can be used as antenna radiating and non-radiating elements.

[0014] A meanderline transmission line is one example of
a slow wave structure, comprising a conductive pattern (i.e.,
a traveling wave structure) over a dielectric substrate, which
in turn overlies a conductive ground plane. An antenna
employing a meanderline structure, referred to as a mean-
derline-loaded antenna or a variable impedance transmission
line (VITL) antenna, is disclosed in U.S. Pat. No. 5,790,080.
The antenna consists of two vertical spaced-apart conductors
and a horizontal conductor disposed therebetween, with a
gap separating each vertical conductor from the horizontal
conductor. The antenna further comprises a meanderline
variable impedance transmission lines bridging the gap
between the vertical conductor and each horizontal conduc-
tor. Generally, a meanderline structure is one comprising a
non-linear or winding conductive element disposed over a
dielectric substrate.

[0015] Using these meanderline structures, physically
smaller antenna elements can be employed to form an
antenna having, for example, quarter-wavelength character-
istics, although the antenna physical dimensions are less
than a quarter-wavelength. Although the meanderline-
loaded antenna offers desirable attributes within a smaller
physical volume, as hand-held wireless communications
devices continue to shrink, manufacturers continue to
demand even smaller antennas, especially those that are
easily conformable into the available volume. Meanderline-
loaded antennas, such as those set forth in the above
referenced patent, are typically not easily conformable.
Also, the antenna should desirably exhibit wide-bandwidth
performance or have one or more resonant frequencies (thus
having the effect of wide bandwidth performance). Further,
the antenna must exhibit the radiation pattern required by the
intended application. The prior art meanderline antennas
may not generally exhibit these characteristics.

BRIEF SUMMARY OF THE INVENTION

[0016] The antenna of the present invention comprises a
dielectric substrate overlying a slow wave transmission line
structure. In one embodiment a top conductor overlies the
dielectric substrate and is connected to the slow wave
transmission line structure by at least two conductive vias
extending through the dielectric substrate. Various shaped
top conductors and slow wave transmission structures are
employed in the antenna according to the teachings of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The foregoing and other features of the invention
will be apparent from the following more particular descrip-
tion of the invention, as illustrated in the accompanying
drawings, in which like reference characters refer to the
same parts throughout the different figures. The drawings are
not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention:

[0018] FIG. 1 is a side view of an antenna constructed
according to the teachings of the present invention;

[0019] FIGS. 2 and 3 are plan views of two elements of
the antenna of FIG. 1;
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[0020]
1

[0021] FIG. 5 is a return loss graph for one embodiment
of an antenna constructed according to the teachings of the
present invention;

FIG. 4 is a perspective view of the antenna of FIG.

[0022] FIG. 6 is a representational view of current flow
through the antenna elements of FIGS. 2 and 3;

[0023] FIG. 7 is a graph of the current distribution of FIG.
6;

[0024] FIG. 8 illustrates the magnetic field of an antenna
constructed according to the teachings of the present inven-
tion;

[0025] FIG. 9 illustrates the electric fields associated with
the antenna of the present invention;

[0026] FIG. 10 is a graph of the return loss for another
embodiment of an antenna constructed according to the
teachings of the present invention;

[0027] FIGS. 11 and 12 illustrate another embodiment of
an antenna constructed according to the teachings of the
present invention;

[0028] FIGS. 13-18 illustrate various embodiments of
spiral and serpentine conductors suitable for use with the
various antennas of the present invention;

[0029] FIG. 19 is a perspective view of an antenna con-
structed according to another embodiment of the present
invention;

[0030] FIG. 20 is a side view of the radiating element of
FIG. 18 embodiment;

[0031] FIG. 21 is a plan view of the spiral conductive
elements for use with the antenna embodiment of FIG. 18;
and

[0032] FIGS. 22, 23 and 24 are various views of a feed

line for use with the antenna embodiment of FIG. 19.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] Before describing in detail the particular spiral
antenna in accordance with the present invention, it should
be observed that the present invention resides primarily in a
novel combination of hardware elements related to an
antenna. Accordingly, the hardware elements have been
represented by conventional elements in the drawings,
showing only those specific details that are pertinent to the
present invention, so as not to obscure the disclosure with
structural details that will be readily apparent to those skilled
in the art having the benefit of the description herein.

[0034] The antenna of the present invention is small
enough to be installed within or in contact with the case of
wireless handset communications device. In one embodi-
ment, the thickness of the antenna is less than about A/200
and the length and width less than about A/5. In one
embodiment the antenna exhibits more than a 10% band-
width at one or more resonant frequencies. This would
generally be considered a relatively wide bandwidth
antenna, and a wider bandwidth than is achievable with prior
art patch or microstrip antennas. Because the antenna is
constructed of conductive traces on a dielectric substrate,
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printed circuit board manufacturing technologies can be
utilized to relatively inexpensively and efficiently manufac-
ture antennas according to the teachings of the present
invention. Finally, the antenna has equal or better gain and
directivity performance when compared to prior art dipole
and monopole antennas.

[0035]
follows:

[0036] Antenna size: 1.3" width (1/4.8)x0.8" length
(3/7.8)x0.03" height (1/207)

[0037] Resonant frequency: 1.9 GHz (within the per-
sonal communications (PCS) band)

[0038] Bandwidth: 200 MHz at 1.9 GHz (about
10.5% of the center frequency)

[0039] Gain: 3.65 dBi

[0040] FIG. 1 is a cross-sectional view of an antenna 10
constructed according to the teachings of the present inven-
tion. The antenna 10 comprises a top plate 12 overlying a
dielectric substrate 14, with two spiral conductors 16 and 18,
which are slow wave structures, disposed on a bottom
surface of the dielectric substrate 14. Thus the effective
electrical length of the slow wave structures is governed by
the equation set forth above, and is greater than their
physical length. A feed terminal 22, formed by a terminal
end of the spiral conductor 18, is also disposed on the bottom
surface of the dielectric substrate 14. Two vias 23 are also
illustrated as electrically connecting the top plate 12 and the
two spiral conductors 16 and 18. The top plate 12 and the
spiral conductors 16 and 18 are also electromagnetically
coupled due to their proximate disposition. Although the
antenna of the present invention as illustrated in FIG. 1 is
described as comprising one or more spiral conductors, this
description is not intended to limit the slow wave structures
to only those having a conventional spiral shape, as the slow
wave structures can comprise any serpentine or sinuous
shape. Generally, both the top plate 12 and the spiral
conductors 16 and 18 radiate electromagnetic energy when
the antenna 10 is in the transmitting mode.

[0041] One embodiment shape for the top plate 12 is
illustrated in FIG. 2, comprising an elongated segment 24,
including a segment 25 between two arms 26. One embodi-
ment for the spiral conductors 16 and 18 is illustrated in
FIG. 3. Note that in the transmitting mode a current repre-
senting the signal to be transmitted flows from the feed
terminal 22 (typically connected directly to a coaxial cable
connector or to a conductive printed circuit board trace
carried on a dielectric substrate to which the antenna 10 is
physically mounted) along the spiral conductor 18 to the via
23, then to the top plate 12. The current flows along one arm
26 and the segment 25, and then through the via 23 to the
spiral conductor 16 to a terminal 30 connected to ground
(i.e., the ground sheath of the coaxial cable connector or the
ground plane of the printed circuit board). A conductive
element 32 is also connected to ground at a terminal 34, and
electromagnetically coupled to the spiral conductor 18 due
to the proximate physical relationship therebetween. A con-
ductive element 33 extending from the spiral conductor 16
electromagnetically interacts with proximate regions of the
spiral conductor 16.

[0042] Modifying the distance between the conductive
element 33 and the spiral conductor 16 and/or the distance

In one embodiment the antenna dimensions are as
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between the conductive element 32 and the spiral conductor
18, and/or the physical or effective electrical length of the
spiral conductors 16 and 18 (and the length of the conductive
element 33), and/or the dielectric material of the dielectric
substrate 14 changes the antenna performance parameters.
In another embodiment the spiral conductors 16 and 18 can
be constructed with unequal lengths to provide a wider
operational bandwidth or two operational resonant frequen-
cies.

[0043] FIG. 4 is a perspective view of the various ele-
ments of the antenna 10 described above, absent the dielec-
tric substrate 14.

[0044] The resonant frequency of the antenna 10 is deter-
mined primarily by the total effective electrical length of the
spiral conductors 16 and 18. Where the effective electrical
length of these slow wave structures is governed by the
equation set forth above. Advantageously, the spiral con-
ductors 16 and 18 present a good impedance match (about
50 ohms) over a wide bandwidth. Adjusting the spacing
between segments of the spiral conductors and modifying
the line widths changes the input impedance characteristics.
The use of the slow wave structures in the form of the spiral
conductors 16 and 18 allows the antenna 10 to present a
relatively small physical size.

[0045] FIG. 5 is a graph of the input return loss for the
antenna 10. The return loss is also referred to as S,;, which
is a measure of the power delivered to the antenna from the
input transmission line versus the power reflected back from
the antenna, where the power loss is due to the impedance
mismatches between the antenna and the input transmission
line. As can be seen, the minimal return loss is at about 1.9
GHz. Generally, the operational bandwidth of the antenna is
considered to be that range of frequencies where the return
loss is within about 10 dB of the minimum return loss value.
Thus in FIG. 5, the bandwidth is about 300 MHz, which is
considered a wide operational bandwidth, considering that
the resonant or center frequency of the band is at about 1.9
GHz.

[0046] FIG. 6 illustrates the current flow paths for the
various elements of the antenna 10. Note that the orientation,
direction and feed/ground positions of the spiral conductors
16 and 18 provides for the same current flow direction in
radially adjacent arms or segments of the spiral conductors
16 and 18, thus minimizing the radiation canceling effects
and increasing the antenna gain. Avoidance of these cancel-
ing effects is especially advantageous given the small physi-
cal size of the antenna. Since the terminal 30 is connected to
ground, the voltage is minimum and the current is a maxi-
mum there. Recognizing these boundary conditions, the
current and voltage magnitude waveforms for the antenna 10
are graphed in FIG. 7, assuming for the sake of simplicity,
that the total electrical length of the antenna 10 (defined as
the electrical lengths of the spiral conductors 16 and 18 plus
the electrical length of the segment 25) is about one wave-
length at the operating frequency. Thus the current and
voltage values proceed through one cycle over the antenna
length, with the voltage at a minimum at an edge 35 of the
conductive element 32, at an edge 36 of the conductive
element 33 and at the terminal 30 connected to ground.

[0047] FIG. 8 illustrates the magnetic fields (H) created
by the current flowing in the spiral conductors 16 and 18, as
derived based on the right hand rule for defining the rela-
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tionship between the current flow in the spiral conductors 16
and 18 and the direction of the magnetic field. Thus in this
embodiment, the spiral conductors 16 and 18 serve as
radiating sources and as transmission lines. The electric
field, not shown, is perpendicular to the magnetic field.

[0048] Note that because of the same-direction currents in
the spiral conductors 16 and 18, (as shown in FIG. 6) the
magnetic fields generated in the spiral conductors 16 and 18
are additive in the far field; the electric fields are also
additive. Further, the electric field formed by the current
flow in the top plate 12 is parallel to and thus sums with the
electric field formed by the magnetic fields generated by the
current flow in the spiral conductors 16 and 18. The radiation
emitted from the antenna 10 is linearly polarized due to the
linear electric field.

[0049] Generally, the radiation pattern of the antenna 10 is
the familiar donut pattern associated with a conventional
dipole antenna. The antenna 10 is in the donut “hole” and the
donut ring surrounds the antenna 10.

[0050] FIG. 9 further illustrates the additive electric fields
formed by the antenna 10 at a point P in the far field. The
current [ in the top plate 12 creates an electric field E, in the
far field. The electric field E, is created by the magnetic field
illustrated in FIG. 8. Thus the total electric field at P is the
sum of E, and E,. Since these fields are parallel, the vector
sum is maximized, i.e., the fields add constructively. Not-
withstanding the relatively small physical size, the antenna
10 has a high efficiency, about 70%, as determined by the
radiated power versus the input power.

[0051] An alternative embodiment wherein the antenna
dimensions are about 1.8"x1.1"x0.03" deep, also exhibits
advantageous performance parameters. In this embodiment,
the 1.8" dimension is the side parallel to the top plate 12. The
input impedance characteristics for this embodiment, as
characterized by the input return loss, are illustrated in FIG.
10.

[0052] Another embodiment according to the present
invention is illustrated in FIG. 11 by an antenna 39, wherein
a top plate 40 is located proximate the spiral conductors 16
and 18, and disposed relative thereto oppositely to the top
plate 12 as illustrated in FIG. 4. A perspective view of the
antenna 39 is illustrated in FIG. 12, with the top plate 40 in
a plane above the spiral conductors 16 and 18. The antenna
39 further comprises conductive segments 41 and 42 on
opposite sides of the feed terminal 22, both or which are
connected to ground when the antenna 39 is installed in a
communications device.

[0053] Additional embodiment shapes for the spiral con-
ductors 16 and 18 are illustrated in FIGS. 13 through 18.
These shapes can be employed with any of the antenna
embodiments described herein. Each of the FIGS. 13
through 18 presents a bottom view of the antenna 10 and
thus the top plate 12 is shown in phantom. The feed terminal
22 and the terminals 30 and 34, the latter two which are
typically connected to ground, are also illustrated. Gener-
ally, these additional embodiments provide higher resonant
frequencies as a function of the increased spiral length.
Further, if a third spiral shaped element is added, an addi-
tional resonant frequency is created. With three or more
spirals, wider bandwidth operation can be realized if the
antenna resonant frequencies are closely spaced such that
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the operational bandwidths associated with the resonant
frequencies are proximate or overlap. The additional reso-
nant frequencies are determined by the shape, size (i.e.,
length and width dimensions of the spiral conductors) and
interconnections to the top plate 12.

[0054] FIG. 13 illustrates spiral conductors 46 and 48
both wound in a counter-clockwise direction, compared to
the counter-wound spiral conductors 16 and 18. Also, the
initial segments of the spiral conductors 46 and 48 extend in
opposite directions, that is the initial segment 50 of the spiral
conductor 46 extends toward the top plate 12, whereas the
initial segment 52 of the spiral conductor 48 extends away
from the top plate 12. Note that the initial segments of the
spiral conductors 16 and 18 are mirror images through a
plane passing between the spiral conductors 16 and 18. This
is not the case for the spiral conductors 46 and 48. Generally,
the counter-wound spirals (FIG. 3, for example) have a main
beam radiation maximum that is approximately perpendicu-
lar to the plane of the antenna, whereas the radiation
maximum of the FIG. 13 embodiment is shifted from the
nadir to an angle less than 90 degrees. In one embodiment
this angle is between about 45 and 50 degrees. The embodi-
ment of FIG. 3 and the embodiment of FIG. 13 exhibit
approximately the same operational bandwidth.

[0055] One clockwise-wound and one counterclockwise-
wound antenna can be incorporated into the antenna of a
wireless communications device to provide antenna diver-
sity with regard to the beam pattern, while each antenna
advantageously operates over approximately the same signal
bandwidth.

[0056] Although the spiral conductors described herein
are illustrated as generally comprising rectangular linear
segments or arms, which are typically easier to manufacture
and can be fabricated in smaller geometries, curved spiral
conductors can also be used according to the teachings of the
present invention. See FIG. 14. The use of curved spirals
affords higher operational efficiency since there are no sharp
corners in the antenna structure for creating reflections and
attendant losses.

[0057] The embodiment of FIG. 15 includes two spiral
conductors 60 and 62, similar to the spiral conductors 16 and
18, and a third spiral conductor 64, that provides an addi-
tional resonant frequency for the antenna and further can be
switched into or out of the antenna circuit as desired. The
switching function can be accomplished by, for example, a
pin diode or a MEMS (microelectronics machine structure)
switch (not shown in FIG. 15).

[0058] FIG. 16 depicts an embodiment with one spiral
conductor 66 and the terminal 30 connected to one arm 26
of the top plate 12 by the via 23.

[0059] FIG. 17 illustrates two differently-sized spiral con-
ductors 70 and 72, exhibiting the same relative spiral ori-
entation as the spiral conductors 16 and 18. This embodi-
ment offers a wider operational bandwidth (or operation
over two separate frequency bands) than the embodiment of
FIG. 3.

[0060] FIG. 18 illustrates zigzag shaped conductors 74
and 75 for use with the antenna 10. As expected, antenna
performance using the conductors 74 and 75 differs from the
performance with the various spiral-shaped conductors
described herein, as the zigzag conductor arrangement pro-
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duces different electric and magnetic fields than the spiral-
shaped conductors. The embodiment of FIG. 18 is merely
illustrative of a shape where the physical outline of the
conductors is relatively compact, and the effective electrical
length is greater than the physical length due to the slow
wave structural effects.

[0061] FIG. 19 illustrates an antenna 80 constructed
according to another embodiment of the teachings of the
present invention, comprising an element 82 disposed over
a ground plane 84. As will be described further below, the
element 82 comprises spiral conductors on the bottom
surface thereof and a conductive plate on the top surface.
The angle of intersection, 6, between the plane of the
element 82 and the ground plane 84 is selectably adjustable
to change the antenna resonant frequency. For instance, if
the element 82 is perpendicular to the ground plane 84
(6=90°), then the antenna 80 has a resonant frequency of
about 2.4 GHz. If 6 is about 70°, then the resonant frequency
is about 1.9 GHz. If the plane of the element 82 and the
ground plane 84 are substantially parallel, then the resonant
frequency is about 1.7 GHz.

[0062] A front and/or back edge of the element 82 is
mechanically connected to the ground plane 84 by a dielec-
tric standoff, such as insulating pins 85. In a preferred
embodiment neither the front nor the back edge of the
element 82 is in contact with the ground plane 84, but
instead is spaced apart therefrom. In another embodiment,
the antenna 80 further comprises an adjustable member (for
example in lieu of the insulating pins 85) for exert a
controllable force to change the distance between the ground
plane 84 and the element 82 and /or the angle 0, thereby
imparting frequency agile capabilities to the antenna 80.

[0063] The radiation pattern of the antenna 80 is some-
what omnidirectional (i.e., the donut pattern), however, the
ground plane 84 causes additional energy to be radiated in
the vertical direction than the conventional omnidirectional
donut pattern. Further, as the ground plane size is increased
relative to the size of the element 82, additional energy is
radiated in the vertical direction.

[0064] The clement 82 comprises a conductive-clad
dielectric substrate 87 having an upper surface 88 and a
lower surface 90. See the detailed enlarged view of FIG. 20.
In the preferred embodiment, a continuous conductive plate
91 overlies the upper surface 88. In other embodiments the
conductive plate 91 can be shaped and dimensioned, accord-
ing to known patterning, masking and etching processes, to
provide the desired antenna performance parameters.

[0065] A serpentine conductor, including one of the many
conductive spiral patterns described, above is disposed on
the lower surface 90. FIG. 21 illustrates two such spiral
conductors 96 and 98. Conductive vias 100 formed within
the dielectric substrate 87 connect the conductive plate 91 to
a terminal end of each of the spiral conductors 96 and 98.
The spiral conductors 96 and 98 are also electromagnetically
coupled to the conductive plate 91. In the transmitting mode,
the majority of the energy is radiated from the conductive
plate 91, with a lesser amount radiated from the spiral
conductors 96 and 98. Changing the geometric characteris-
tics (e.g., length, conductor width, spacing of adjacent spiral
turns within a spiral conductor (also referred to as the spiral
tightness), spacing between the two spiral conductors) of the
spiral conductors 96 and 98 changes the resonant frequency
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and bandwidth of the antenna 80. Thus the spiral conductors
96 and 98 serve as tuning elements for the antenna 80.
Additionally, as described above, changing the angle 0
changes the coupling effects between the spiral conductors
96 and 98 and the ground plane 84, changing the antenna
performance parameters, especially the resonant frequency.

[0066] Returning to FIG. 19, typically the ground plane
84 is disposed on a dielectric substrate (not shown) that also
supports other electronic components operating in conjunc-
tion with the antenna 80, such as a radio frequency module.
The substrate also supports a signal or feed trace 104
(insulated from the ground plane 84) for supplying a signal
to the element 82 in the transmitting mode and for receiving
a signal from the element 82 in the receiving mode. A
coaxial cable connector (not shown) or another connector
type is electrically connected to a terminal end 105 the signal
trace 104. The other terminal end of the signal trace 104 is
connected to one of the spiral conductors 96 or 98 by a feed
pin 106. A feed pin 108 connects the appropriate terminal of
one of the spiral conductors 96 or 98 to the ground plane 84.

[0067] In an embodiment where the element 82 is parallel
to the ground plane 84 (6=0°), the distance between the
element 82 and the ground plane 84 is about 1 to 3 mm. The
antenna of this embodiment has a resonant frequency of
about 1.9 GHz, with a bandwidth ranging from about 1.85
to about 1.99 GHz (i.e., the antenna operates within the
personal communications band (PCS) frequency band). The
voltage standing wave ratio in this frequency range is less
than about 3:1.

[0068] The spiral conductors 96 and 98 would generally
not be considered radiating elements in this embodiment,
but their electromagnetic coupling to the ground plane 84
advantageously affects the antenna performance parameters.
Also, it is generally known that a radiating structure dis-
posed close to a ground plane exhibits a relatively narrow
bandwidth. However, the electromagnetic coupling effect
created between the spiral conductors 96 and 98 and the
ground plane 84 provides the antenna 80 with a tuning
capability to increase the operational bandwidth or create
more than one resonant frequency. The wider bandwidth can
be advantageous to overcome the well-known hand effect,
i.e., a change in antenna performance characteristics due to
the capacitive coupling between the user’s hand and the
antenna. The hand effect is known to shift the resonant
frequency of the antenna, but if that shift remains within the
operational bandwidth, then the hand effects are minimized.
Adjusting the geometric parameters of the spiral conductors
96 and 98 also influences the antenna performance param-
eters.

[0069] In another mounting configuration, the antenna 80
is disposed above a printed circuit board 133, for example
using the insulating pins 85 illustrated in FIG. 19. A feed
line 135 extending from the element 82 and illustrated in
FIGS. 22 (top view), 23 (front view) and 24 (side view),
electrically connects the terminal 114 (see FIG. 21) to a feed
trace 137 disposed on the printed circuit board 133. A
segment 140 of the feed line 135 extends substantially
vertically downwardly, connecting to a substantially hori-
zontal segment 142. A substantially vertical segment 144
interconnects the horizontal segment 142 to a pad interface
segment 146. The dimensions 150 (sece FIG. 22) and 152
(between the printed circuit board 133 and the horizontal
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segment 142) are particularly important for maintaining low
loss within the feed line 135 and thus must be optimized for
the antenna operational frequency and bandwidth. Thus the
feed line 135 connects the feed trace 137 to the radiating
element of the antenna 80 (in this embodiment the conduc-
tive plate 91 of the element 82) via the spiral conductor 98.

[0070] The ground terminal 110 of FIG. 21 is connected
to the ground plane 84 by a substantially vertical conductive
element or pin (not shown). In turn the ground plane 84 is
electrically connected to a ground plane (not shown) dis-
posed on the printed circuit board 133 by known techniques.

[0071] With respect to the various spiral slow wave struc-
tures presented herein, in another embodiment the slow
wave structure includes independently switchable segments
that can be inserted in and removed from the current path of
the slow wave structure. This switching action provides an
adjustment mechanism for the effective electrical length of
the slow wave structure and thus changes the effective length
and the performance characteristics of the antenna. Advan-
tageously, losses are minimized during the switching pro-
cess by locating the switching element in a high impedance
section of the meanderline. Thus the current through the
switching device is low, resulting in relatively low dissipa-
tion losses and a high antenna efficiency.

[0072] In the various embodiments presented herein, the
conductive regions (e.g., the spiral-shaped conductors and
the conductive plate) can be formed from a conductive-clad
dielectric substrate by using known patterning, masking and
etching steps. Thus fabrication of the various antenna
embodiments presented herein can be accomplished rela-
tively easily and thus relatively inexpensively when com-
pared with other antenna designs offering comparable per-
formance.

[0073] While the invention has been described with ref-
erence to preferred embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalent elements may be substituted for elements of the
various embodiments without departing from the scope of
the present invention. The scope of the present invention
further includes any combination of the elements from the
various embodiments set forth herein. In addition, modifi-
cations may be made to adapt a particular situation to the
teachings of the present invention without departing from its
essential scope. For example, different combinations of the
spiral conductors presented herein can be utilized to accom-
modate the requirements of a communications device.
Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode con-
templated for carrying out this invention, but that the inven-
tion will include all embodiments falling within the scope of
the appended claims.

What is claimed is:
1. An antenna comprising:

a dielectric substrate;

a slow wave structure disposed on a first surface of the
dielectric substrate;

a top conductor disposed on a second surface, opposing
the first surface of the dielectric substrate; and

a conductive via extending through the dielectric substrate
for connecting the slow wave structure to the top
conductor.
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2. The antenna of claim 1 wherein the slow wave structure
comprises at least one conductor having a spiral shape.

3. The antenna of claim 1 comprising a first and a second
conductive via disposed within the dielectric substrate and
electrically connected to the top conductor, wherein the slow
wave structure comprises a first and a second conductor each
having a serpentine shape, and wherein a first end of the first
conductor is connected to the first conductive via, and
wherein a first end of the second conductor is connected to
the second conductive via, and wherein a second end of the
first conductor is a ground terminal for the antenna, and
wherein a second end of the second conductor is a signal
terminal for the antenna.

4. The antenna of claim 3 wherein the serpentine shape is
selected from among a spiral comprising linear arms, a spiral
comprising curved arms, a meandering shape, a sawtooth
wave shape and a square wave shape.

5. The antenna of claim 3 wherein the top conductor
comprises an elongated segment having a first and a second
arm extending in the same direction therefrom, and wherein
the first conductive via is positioned at an end of the first arm
and the second conductive via is positioned at the end of the
second arm.

6. The antenna of claim 3 wherein the serpentine shape
comprises a spiral-shape, and wherein the current flow is in
the same direction through radially adjacent spiral arms of
the first conductor, and wherein the current flow is in the
same direction through radially adjacent spiral arms of the
second conductor.

7. The antenna of claim 6 wherein the first and the second
conductors comprise opposingly wound spirals.

8. The antenna of claim 7 wherein the magnetic fields
produced by the current flow through the first and the second
conductors add constructively in the far field.

9. The antenna of claim 8 wherein a first electric field is
produced by the sum of the magnetic fields, and wherein a
current flow through the top conductor produces a second
electric field, and wherein the first and the second electric
fields add constructively in the far field.

10. The antenna of claim 1 wherein the top conductor
comprises an elongated segment having two parallel arms
extending from a first side thereof, and wherein the slow
wave structure comprises a ground terminal and a feed
terminal disposed along an edge of the dielectric substrate,
and wherein the elongated segment is disposed approxi-
mately above the edge.

11. The antenna of claim 1 wherein the top conductor
comprises an elongated segment having two parallel arms
extending from a first side thereof, and wherein the slow
wave structure comprises a ground terminal and a feed
terminal disposed along a first edge of the dielectric sub-
strate, and wherein the elongated segment is disposed above
a second edge of the dielectric substrate spaced apart from
and parallel to the first edge.

12. The antenna of claim 1 wherein the slow wave
structure comprises two differently sized spiral-shaped con-
ductive elements.

13. The antenna of claim 1 wherein the slow wave
structure comprises three spiral-shaped conductive ele-
ments.

14. The antenna of claim 1 wherein the slow wave
structure comprises one spiral-shaped conductive element.

15. The antenna of claim 1 wherein the slow wave
structure comprises two serpentine conductors.
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16. The antenna of claim 1 further comprising an
L-shaped conductive element disposed proximate the slow
wave structure for connecting to ground.

17. An antenna comprising;:

a dielectric substrate;

a slow wave structure disposed on a first surface of the
dielectric substrate and further comprising a feed ter-
minal and a ground terminal;

a top conductor disposed on a second surface, opposing
the first surface of the dielectric substrate;

a conductive via extending through the dielectric substrate
for connecting the slow wave structure to the top
conductor; and

a ground plane facing and spaced apart from the first
surface and electrically connected to the ground termi-
nal.

18. The antenna of claim 17 wherein the slow wave
structure has a physical length, and wherein the effective
electrical length of the slow wave structure is greater than
the physical length.

19. The antenna of claim 17 wherein an angle formed by
the plane of the dielectric substrate and the ground plane is
adjustable.

20. The antenna of claim 19 wherein the operating char-
acteristics of the antenna are a function of the angle.

21. The antenna of claim 17 wherein the slow wave
structure comprises a first and a second serpentine conduc-
tor, and wherein an end of the first serpentine conductor
comprises the feed terminal, and wherein an end of the
second serpentine conductor comprises the ground terminal.

22. The antenna of claim 21 wherein the first and the
second serpentine conductors each comprise a spiral-shaped
conductor.

23. The antenna of claim 21 wherein the first and the
second serpentine conductors are positioned in a side by side
orientation.

24. An antenna comprising:

a dielectric substrate having first and second opposing
surfaces;

a conductive region disposed on the first surface;

a first slow wave structure disposed on the second surface
and electrically connected to the conductive region;

a second slow wave structure disposed on the second
surface and electrically connected to the conductive
region;

wherein a region of the first slow wave structure forms an
antenna ground terminal;

wherein a region of the second slow wave structure forms
an antenna feed terminal; and

a ground plane spaced apart from the dielectric substrate,
wherein the second surface is oriented in facing relation
to the ground plane.

25. The antenna of claim 24 wherein the first and the

second slow wave structures each comprise a serpentine
conductor.
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26. The antenna of claim 24 wherein the first and the
second slow wave structures are electrically connected to the
conductive region through a first and a second conductive
via, respectively, extending through the dielectric substrate.

27. An antenna for connecting to a communications
device, comprising:

a dielectric substrate having first and second opposing
surfaces;

a conductive region disposed on the first surface;

a first slow wave structure disposed on the second surface
and electrically connected to conductive region;

a second slow wave structure disposed on the second
surface and electrically connected to the conductive
region;

wherein a region of the first slow wave structure forms an
antenna ground terminal;

wherein a region of the second slow wave structure forms
an antenna feed terminal;

a ground plane spaced apart from the dielectric substrate,
wherein the second surface is oriented in facing relation
to the ground plane; and

a feed line extending from the feed terminal for connec-
tion to the communications device, wherein the feed
line extends over and is spaced-apart from the ground
plane a predetermined distance as determined by the
desired performance characteristics of the antenna.

28. The antenna of claim 27 wherein the feed line
comprises a conductive plate having a predetermined width
as determined by the desired performance characteristics of
the antenna.

30. The antenna of claim 28 wherein the feed line
comprises a first segment extending from the feed terminal
toward the ground plane, a second segment electrically
connected to a printed circuit board trace of the communi-
cations device, and a third substantially horizontal segment
connecting the first and the third segments, wherein the third
segment has a predetermined width and distance to the
ground plane so as to achieve the desired antenna perfor-
mance parameters.

31. An antenna for connecting to a signal terminal of a
communications device, comprising:

a radiating element;
a feed terminal connected to the radiating element;

a ground plane underlying and spaced apart from the
radiating element; and

a feed line comprising a first segment downwardly
directed from the feed terminal toward the ground
plane, a second segment electrically connected to the
signal terminal, and a third substantially horizontal
segment connecting the first and the third segments,
wherein the third segment comprises a conductive plate
having a predetermined width and distance to the
ground plane so as to achieve the desired antenna
performance parameters.
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