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DESCRIPTION
A SMALL ANTENNA WITH MULTIFOLD RESONANCES AND MULTIPLE
FEEDERS

TECHNICAL FIELD

The present invention relates to a small antenna
with multifold resonances and multiple feeders; and, more
particularly, to a small antenna with multifold
resonances and multiple feeders, which is capable of
multi-band transmission/reception by installing, within
one antenna, a plurality of feeders that can vary the
total length of the antenna (which is a length from a
feed point up to an antenna end).

This work was supported by the IT R&D program of
MIC/IITA [“Development of Antenna Measurement System
Technology”’].

BACKGROUND ART
In a wireless communication field, a miniaturization
technology for, e.g., a terminal, a relay and a base
station 1s drawing much attention. Particularly, an
antenna miniaturization technology for making a
protruding portion of an antenna small or installing an
antenna within a portable terminal is being developed to
improve portability.
That is, development of a small antenna is demanded
over the entire wireless communications fields such as a
radio-frequency identification (RFID) reader, a
transponder, a mobile Internet terminal, a terrestrial
digital multimedia broadcasting (T-DMB) terminal, a
digital video broadcasting-handheld (DVB-H) terminal, a
mobile relay, a home network terminal for wireless
control, a wireless access notebook, a communication or
multi-purpose satellite.

However, an antenna generally has a narrowband
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characteristic, and its efficiency is deteriorated if the
antenna 1is miniaturized. That is, 1f the antenna is
miniaturized, an antenna radiation pattern has an omni-
directional characteristic, and an antenna gain decreases.
Also, the input resistance of the antenna significantly
decreases and reactance significantly increases, thereby
reducing a bandwidth of the antenna to a great extent.

Fig. 1 1is a view illustrating an example of a
maximum radius of an antenna. In Fig. 1, a maximum
radius 1-1 of a monopole antenna and a maximum radius 1-2
of a dipole antenna are illustrated.

Referring to Fig. 1, the maximum bandwidth BWmax
that can be obtained from an antenna having the maximum
radius a, which refers to a distance from a point where a
ground meets an antenna element (which is a conductor) up
to. an end of an antenna element in the case of the
monopole antenna, and a distance from a feed point up to
an end of the antenna element in the case of the dipole

antenna, is expressed as the following Equation:
BW max =2/[(ka)™ +(ka)™]

where k denotes a wave number, which is 2p/l1 (in
which 1 is a wavelength). For example, in the case of an
antenna having the maximum radius of 1/20, e.g., a T-DMB
terminal antenna having the maximum radius of about 9 cm,
the maximum bandwidth without loss is about 5.5%.
However, a frequency band being used for a T-DMB in Korea
ranges from 174 MHz to 216 MHZ, and thus a bandwidth of
about 22 % 1is required. For this reason, it is difficult
to receive a T-DMB signal with one small antenna, and
thus it is required to develop a small antennal having a
wideband characteristic by generating a plurality of
resonant frequencies is required.

Fig. 2 1is a view illustrating a T-DMB frequency
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bandwidth and a channel bandwidth that are currently
being used.

As shown in Fig. 2, the T-DMB frequency bandwidth
includes a plurality of channel bandwidths. Although the
T-DMB  frequency bandwidth is 42 MHz, one channel
bandwidth is 1.536 MHz, which is very narrow. Thus, when
reception 1is made using one channel, a channel bandwidth
of another channel 1is not used. For this reason,
wideband reception that allows the wuse of multiple
channels can be performed using one small antenna.

That 1is, multi-channel reception in one small
antenna can be performed. Thus, wideband reception using
the small antenna can Dbe achieved. However, the
bandwidth of the small antenna must be wider than a
channel bandwidth of Fig. 2.

As conventional efforts +to obtain a wideband
characteristic in a small antenna, a loss of an antenna
element is caused, or a thick or parasitic element is
used.

However, the 1loss of the antenna element causes
antenna efficiency to degrade. Also, the thick element
cannot fundamentally overcome a limited bandwidth
resulting from miniaturization of an antenna. The
parasitic element also limitedly improves the bandwidth.

Thus, a small antenna allowing wideband transmission
and reception, that is, multifold resonances while

maintaining antenna efficiency is demanded.

DISCLOSURE
TECHNICAL PROBLEM
An embodiment of the present invention is directed
to providing a small antenna that allows multiband, i.e.,
wideband transmission/reception by independently
generating multifold resonances, using a plurality of

feeders.
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TECHNICAL SOLUTION

In accordance with an aspect of the present
invention, there is provided an antenna including: an
antenna element; a plurality of feeders for supplying
power to the antenna element; and a feed switch for
selectively connecting one of the feeders with the
antenna element to supply power to the antenna element,
wherein the feeders are disposed to vary a total length

of the antenna element.

ADVANTAGEOUS EFFECTS
The present invention provides a small antenna with
a plurality of feeders capable of independently
generating multifold resonances. Therefore, multiband
transmission/reception, i.e., wideband
transmission/reception, can be performed even with one

antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a maximum radius of an antenna.

Fig. 2 illustrates a terrestrial-digital multimedia
broadcasting (T-DMB) frequency bandwidth and a T-DMB
channel bandwidth that are currently being used.

Fig. 3 shows a small helical antenna with multifold
resonances and multiple feeders in accordance with an
embodiment of the present invention.

Fig. 4 describes a small helical antenna with
multifold resonances and multiple feeders in accordance
with an embodiment of the present invention.

Fig. 5 1s a graph showing respective S11 parameters
for feeders of the small helical antenna of Figs. 3 and 4.

Fig. 6 illustrates a small planar inverted-F antenna
(PIFA) with multifold resonances and multiple feeders in

accordance with an embodiment of the present invention.
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Fig. 7 is a graph showing respective S11 parameters
for feeders of the small PIFA of Fig. 6.

Fig. 8 illustrates a small meander-type antenna with
multifold resonances and multiple feeders in accordance
with an embodiment of the present invention.

Fig. 9 describes a small spring loop antenna with
multifold resonances and multiple feeders in accordance
with an embodiment of the present invention.

Fig. 10 illustrates the small spring loop antenna
with multifold resonances and multiple feeders of Fig. 9
in accordance with another embodiment of the present
invention.

Fig. 11 shows a small spring loop antenna with
multifold resonances and multiple feeders in accordance

with yet another embodiment of the present invention.

BEST MODE FOR THE INVENTION

The advantages, features and aspects of the
invention will become apparent from the following
description of the embodiments with reference to the
accompanying drawings, which 1is set forth hereinafter.
The specific embodiments of the present invention will be
described in detail hereinafter with reference to the
attached drawings.

Fig. 3 shows a small helical antenna with multifold
resonances and multiple feeders in accordance with an
empbodiment of the present invention, which illustrates a
one-branch-point structure.

Referring to Fig. 3, the small helical antenna in
accordance with an embodiment of the present invention
includes a conductor 301, a first feeder 303, a second
feeder 305, a third feeder 307, a switch unit 309 and a
circuit output unit 311. The circuit output unit 311 is
connected to a circuit that 1s generally realized in

antennas, e.g., a structure connected to an RF device
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such as an amplifier, a mixer, an analog-to-digital (AD)
converter. The general circuit includes a ground plane,
and can be substituted with a printed circuit board (PCB) .

The conductor 301 is an antenna element and is
configured to transmit/receive a signal to/from the
outside.

The first feeder 303, the second feeder 305 and the
third feeder 307 extend from one random branch point to
the switch unit 309. A distance from the random one
branch point of the conductor 301 to the switch unit 309
varies with the first feeder 303, the second feeder 305
and the third feeder 307.

The switch unit 309 selectively connects the circuit
output wunit 311 to one of the first feeder 303, the
second feeder 305 and the third feeder in response to a
control signal sent from the general circuit. As the
circuit output unit 311 is connected to one of the first
feeder 303, the second feeder 305 and the third feeder
307, the total length of the conductor 301, i.e., a
length from a feed point to an antenna end can be varied,
also varying a resonant length of the antenna to change.

Three feeders of the first feeder 303, the second
feeder 305 and the third feeder 307 are illustrated in
Fig. 3. However, for example, four or five feeders may
be randomly installed according to embodiments, provided
that the total length of the conductor 301 can be varied
upon selection of the feeder.

The switch unit 309 must be connected to a ground
plane included in the general «circuit, so that an
influence of a switch and a switch control signal to a
resonant frequency can be minimized. In a monopole
antenna, thé ground plane allows resonance of the antenna
to occur at 1/4 wavelength, thereby contributing to
reducing an antenna size.

As for the switch unit 309, one of the feeders 303,
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305 and 307 may be selectively connected with the circuit
output unit 311 by using one switch, or one switch may be
installed for each of the feeders 303, 305 and 307 to
selectively connect one of the feeders 303, 305 and 307
with the circuit output wunit 311. If a switch 1is
installed for each feeder, an electrical length change
can be accurately controlled, so that a resonant
frequency can be precisely controlled.

The switch vunit 309 automatically controls the
switch by using resonant frequency information of an LC
switch, or local oscillation frequency information
selected by an intermediate frequency converter and
applied to a mixer. A switching direction that maximizes
a signal to noise ratio of a radio frequency (RF) signal
or an intermediate frequency by a feedback operation can
be selected.

If the switch unit 309 is connected simultaneously
with a plurality of feeders, it can be considered as one
antenna, and thus a bandwidth is limited by a maximum
bandwidth of a small antenna. Therefore, the circuit
output unit 311 in the small antenna in accordance with
an embodiment of the present invention is connected to
one feeder and disconnected with the rest of the feeders.

The circuit output unit 311 is a feed point and
provides power to the conductor part 501 along the
connected first feeder 303, the second feeder 305 or the
third feeder 307.

Thus, the small antenna having a structure described
above can have a small size while operating like a
monopole antenna.

Fig. 4 is a view of a small helical antenna with
multifold resonances and multiple feeders in accordance
with an embodiment of the present invention, illustrating
a multi-branch-point structure.

As shown in Fig. 4, the small helical antenna with
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the multi-branch-point structure of Fig. 4 has the same
structure as the small helical antenna, except for the
branch point.

The first feeder 303, the second feeder 305 and the
third feeder 307 are connected up to the switch unit 309
from respectively different random points of the
conductor 301. That is, the first feeder 303, the second
feeder 305 and the third feeder 307 is connected up to
the switch wunit 390 from different points of the
conductor 301, respectively.

Thus, distances from the respective points of the
conductor 301 connected to the first feeder 303, the
second feeder 305 and the third feeder 307 to the switch
unit 309 become different from each other.

Referring to Fig. 4, the length of the conductor 301
is the longest when the circuit output unit 311 1is
connected to the first feeder 303. Thus, the first
feeder 303 serves as a feed point implementing the
longest resonant length. Also, the second feeder 305
serves as a feed point implementing the intermediate
resonant length. When the circuit output unit 311 is
connected to the third feeder 307, the length of the
conductor 301 is the shortest. Thus, the third feeder
307 serves as a feed point implementing the shortest
resonant length.

Accordingly, a resonant frequency is generated in
the lowest band when the circuit output unit 311 is
connected with the first feeder 303, and generated in the
highest band in the case of connection with the third
feeder 307.

Since an antenna element of a helical antenna is
wound up in the above-described multi-branch-point
structure, the feed points are connected to respective
points of the antenna element where is wound up, so that

change of the total length of the antenna and
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manufacturing of the antenna can be facilitated.

Fig. 5 is a graph showing respective S11 parameters
for the feeders of the small helical antenna of Fig. 3 or
4.

An antenna 1s a discontinued line and an end thereof
is made to resonate at a specific frequency, so that a
signal 1is transmitted to the outside with a specific
magnetic-field energy without undergoing total reflection.
That 1is, basically, the antenna is a one-port device
having one input port. Thus, the antenna has only a S11
value representing an input reflection coefficient, the
S11 value (dB) is minimized at a frequency at which the
antenna operates, and signal power input to the antenna
is maximally radiated to the outside at the frequency at
which the S11 wvalue is the minimum. That 1s, the best
impedance matching is achieved at the point where the S11
value is the minimum.

As shown in Fig. 5, graph A represents a case where
the circuit output unit 311 is connected to the first
feeder 303, graph B represents a case where the circuit
output unit 311 is connected to the second feeder 305,
and graph C represents a case where the circuit output
unit 311 is connected to the third feeder 307.

The total length of the antenna from the feed point
to the antenna end is the longest in the case of the
connection with the first feeder 303, and is the shortest
in the case of the connection with the second feeder 307.

Thus, as shown in graph A, the resonant frequency is
generated in the lowest band in connection with the first
feeder 303. Also, as shown 1in graph B, the resonant
frequency 1s generated in the intermediate band in
connection with the second feeder 305. As shown in graph
C, the resonant frequency is generated in the highest
band in connection with the third feeder 307.

As described above, a resonant frequency can be
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varied by using the small helical antennas of Figs. 3 and
4, and thus wideband transmission/reception can be
achieved.

Fig. 6 is a view showing a small PIFA antenna with
multifold resonances and multiple feeders in accordance
with an embodiment of the present invention.

Referring to Fig. 6, the small PIFA antenna in
accordance with this embodiment includes a conductor 601,
a first feeder 603, a second feeder 605, a third feeder
607, a switch unit 609, a circuit output unit 611, and a
PCB edge board (not shown). The PCB edge board (not
shown) includes a circuit that 1is generally implemented
in an antenna, €.g., a structure connected to an RF
device, such as an amplifier, a mixer and an AD converter,
and includes a ground plate 615. 1In general, the ground
plate 615 is placed at a rear surface of the antenna.

The conductor 601 is an antenna element and serves
to transmit/receive a signal to/from the outside, and 1is
installed on a dielectric substance, not the ground plate
615 at the rear surface of the antenna.

Since a PIFA antenna 1s realized in general by
bending or branching the conductor 601, the PIFA antenna
shows a narrowband characteristic. Therefore, as shown
in Fig. 6, a plurality of feeders 603, 605 and 607 are
installed and controlled by using the switch unit 609, so
that a PIFA antenna capable of wideband
transmission/reception can be implemented.

The first feeder 603, the second feeder 605 and the
third feeder 607 connect the circuit output unit 611 with
the conductor 601, and are installed such that they can
vary the total length of the conductor 601.

The switch unit 609 serves in the same manner as the
switch unit 309 of Fig. 3. Accordingly, the switch unit
609 connects the circuit output unit 611 with one of the

first feeder 603, the second feeder 605 and the third
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feeder 607, and e.g., four or five feeders may be
randomly installed in accordance with embodiments.

The switch unit 609 may selectively connect one of
the feeders 603, 605 and 607 with the circuit output unit
611 by using one switch. Alternatively, one switch may
be installed for each of the feeders 603, 605 and 607 to
selectively connect one of the feeders 303, 305 and 307
with the circuit output unit 611.

The switch unit 609 is connected with a ground plane
included in a general circuit, and a control signal of
the switch unit 609 for selection of one feeder can be
controlled automatically or manually.

The circuit output unit 611 is a feed point and
supplies power from the PCB edge board (not shown) along
the connected first, second or third feeder 603, 605 or
607.

As described above, the small PIFA antenna has
advantages of high space utilization because of easy
access of a feed point to the center of the PCB edge
board (not shown).

Fig. 7 is a graph showing respective S11 parameters
for the feeders of the small PIFA antenna of Fig. 6.

Referring to Fig. 7, graph D represents the case
where the circuit output unit 611 is connected with the
first feeder 603, graph E represents the case where the
circuit output unit 611 is connected with the second
feeder 605, and graph F represents the case where the
circuit output unit 611 is connected to the third feeder
607.

The total length of the antenna, i.e., a length from
the feed point up to an antenna end is the longest in the
case of the connection with the first feeder 603, and is
the shortest in the case of the connection with the third
feeder 607.

Thus, a resonant frequency 1is generated in the
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lowest band in connection with the first feeder 603 as
shown in graph D, generated in the intermediate band in
connection with the second feeder 605 as shown in graph E,
and generated in the highest band in connection with the

third feeder as shown in graph F.

By using the aforementioned characteristic, an
antenna that is used for, e.g., a wireless communication
terminal, a relay or an access point (AP) can be

implemented in a transmission/reception environment that
includes a narrowband channel and does not use one
channel while using another channel.

Fig. 8 shows a small meander-type antenna with
multifold resonances and multiple feeders in accordance
with an embodiment of the present invention. The meander-
type antenna refers to an antenna including a bent
conductor, i.e., a bent antenna element.

As shown in Fig. 8, the small meander-type antenna
in accordance with this embodiment includes a conductor
801, a first feeder 803, a second feeder 805, a third
feeder 807, a switch unit 809 and a circuit output unit
811. The circuit output wunit 811 is connected to a
general circuit which 1is generally implemented in an
antenna, e.g., a structure connected to an RF device,
such as an amplifier, a mixer and an RF device) . The
general «circuit includes a ground  plane, and can be
substituted with a printed circuit board (PCB).

The conductor 801 is an antenna element, serves to
transmit/receive a signal to/from the outside and is
installed on a dielectric substance.

The first feeder 803, the second feeder 805 and the
third feeder 807 connect the conductor 801 with the
circuit output unit 811, and are installed such that the
total length of the conductor 801 can vary with each of
the feeders 803, 805 and 807.

The switch unit 809 serves in the same manner as the

12
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switch unit 309 of Fig. 3. Thus, the switch unit 809
connects the circuit output unit 811 with one of the
first feeder 803, the second feeder 805 and the third
feeder 807, and, e.g., four or more feeders can be
randomly installed in accordance with embodiments.

The switch unit 809 may selectively connect one of
the feeder 803, 805 and 807 with the circuit output unit
811 by using one switch. Alternatively, one switch may
be installed for each of the feeders 803, 805 and 807 to
selectively connect one of the feeder 803, 805 and 807
with the circuit output unit 811.

Also, the switch unit 809 is connected to a ground
plane included in a general circuit, and a control signal
of the switch unit 809 for selection of one feeder can be
controlled automatically or manually.

The circuit output unit 811 is a feed point, and
supplies power to the conductor 801 along the connected
first, second or third feeder 803, 805 or 807.

As in the graphs of Figs. 5 and 7, the total length
of the small meander-type antenna of Fig. 8 is the
longest when the circuit output unit 811 is connected
with the first feeder 803, and is the shortest when the
circuit output unit 811 is connected with the third
feeder 807.

A resonant frequency is generated in the lowest band
in the case of the connection with the first feeder 803,
generated in the intermediate band in the case of the
connection with the second feeder 805, and generated in
the highest band in the case of the connection with the
third feeder 807.

Fig. 9 is a view of a small spring loop antenna with
multifold resonances and multiple feeders in accordance
with an embodiment of the present invention.

As shown in Fig. 9, the small spring loop antenna of

Fig. 9 includes a first feeder 901, a second feeder 903,
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a switch unit 905, a circuit output unit 907, a PCB edge
board 909 and a spring conductor 911, and is installed
inside an edge of a case of a portable terminal.

The switch unit 905 serves in the same manner as the
switch unit 309 of Fig. 3.

Using the same principle described with reference to
Figs. 3 and 4, the switch unit 905 connects the circuit
output unit 907 with one of the first feeder 901 and the
second feeder 903 in response to a control signal sent
from the PCB edge board 909, which is a general circuit.

The first feeder 901 and the second feeder 903
connect the switch unit 905 with the outside of the
spring type conductor 911. Distances from respective feed
points of the feeder 901 to an end of the spring type
conductor 911 are different from each other.

The length of the spring type conductor 911 is the
longest when the circuit output unit 907 is connected
with the first feeder 901, and thus a resonant frequency
is generated in a low band. The length of the spring
type conductor 911 1is the shortest when the circuit
output unit 907 is connected with the second feeder 903,
and thus the resonant frequency 1is generated in the
highest band.

Fig. 10 is a view of a small spring loop antenna
with multifold resonances and multiple feeders of Fig. 9
in accordance with another embodiment of the present
invention.

As shown in Fig. 10, the small spring loop antenna
of Fig. 10 includes a first feeder 901, a second feeder
903, a switch unit 905, a circuit output unit 907, a PCB
edge board 909, a spring conductor 911, a dielectric
substance 1001 and a case connector 1003. Unlike Fig. 9,
the second feeder 903 of Fig 10 is connected to a random
point within the spring conductor 911 to change the total
length of the antenna.

14
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The spring conductor 911 1is installed in the
dielectric substance 1001 having elasticity and
extensibility, e.g., rubber. Thus, 1f an antenna 1is
installed inside an edge of the terminal case, the
antenna can be fixed or implemented in the random shape.

The case connector 1003 is used for connection with
a case. When the antenna 1is installed between the case
connector 1003 and a terminal case, the antenna can be
easily installed without changing an electrical
characteristic thereof.

Fig. 11 is a view of a small spring loop antenna
with multifold resonances and multiple feeders in
accordance with yet another embodiment of the present
invention, illustrating an assembly type manufacturing
structure.

As shown 1in Fig. 11, a first feeder 11-1, a second
feeder 11-2, a first conductor 11-3, and a second
conductor 11-4 are separately manufactured. That is, for
easy manufacturing and mass production, the feeders 11-1
and 11-2 and the conductors 11-3 and 11-4 are separately
manufactured and then connected together.

To connect the feeders 11-1 and 11-2 and the
conductors 11-3 and 11-4 with each other, conductor
screws of e.g., copper, silver, bronze, brass, or
aluminum are installed at both ends of each of the
feeders 11-1 and 11-2 and the conductors 11-3 and 11-4.
Accordingly, a plurality of conductors or the feeders and
the conductors are connected with each other.

The first feeder 11-1 and the second feeder 11-2 are
installed, connected with a spring conducting wire within
a dielectric substance, e.g., Teflon and polyvinyl
chloride (PVC), and thus connect random points of the
spring conducting wire within the dielectric substance to
feed points to vary the length of the conducting wire.

Also, the spring conducting wire is wound up in the
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dielectric substance and then covered with an outer cover,
thereby minimizing electric discharge caused by contact.

The first feeder 11-1 includes three antenna
input/output (I/0) lines, and one of those three lines is
installed on a ground plane GND. Thus, the first feeder
11-1 can have two different antenna lengths. The second
feeder 11-2 includes four antennas, and one of those four
antennas 1is installed on a ground plane GND. Thus, the
second feeder 112=2 can have three different antenna
lengths.

The first conductor 11-3 includes only a spring
conducting wire, and screws are installed at both ends of
the first conductor 11-3, so that it can be used in
connection with a feeder or a plurality of other
conductors.

The second conductor 11-4 includes a dielectric
substance and a spring conducting line wound inside the
dielectric substance, and screws are installed at both
ends thereof, so that it can be used in connection with a
feeder or a plurality of other conductors. Also, the
spring conducting wire is wound up in the dielectric
substance and covered with an outer cover, thereby
minimizing electric discharge caused by contact.

The small antenna wusing a plurality of feeders
illustrated in Figs. 3 to 11 in accordance with
embodiments of the present invention is applicable to an
inverted-F antenna such as a planar inverted-F antenna
(PIFA), a meander-type antenna, a helical antenna and a
spring loop antenna. The small antenna in accordance
with embodiments of the present invention 1is also
applicable to a small antenna of 1/4 wavelength or less,
such as a spiral top loaded monopole antenna (STLA), a
capacitor-plate antenna, and a multi-element top-loaded
monopole antenna.

As described above, the technology of the present
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10

15

invention can be realized as a program and stored in a
computer-readable recording medium, such as CD-ROM, RAM,
ROM, floppy disk, hard disk and magneto-optical disk.
Since the process can be easily implemented by those
skilled in the art of the present invention, further
description will not be provided herein.

While the present invention has been described with
respect to certain preferred embodiments, it will be
apparent to those skilled in the art that various changes
and modifications may be made without departing from the

scope of the invention as defined in the following claims.

INDUSTRIAL APPLICABILITY

A small antenna with multifold resonances and
multiple feeders capable of multiband
transmission/reception, i.e., wideband

transmission/reception can be implemented.
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WHAT IS CLAIMED IS:

1. An antenna comprising:

an antenna element;

a plurality of feeders for supplying power to the
antenna element; and

a feed switch for selectively connecting one of the
feeders with the antenna element to supply power to the
antenna element,

wherein the feeders are disposed to vary a total

length of the antenna element.

2. The antenna of claim 1, wherein the antenna has

a maximum radius of 1/4 wavelength or less.

3. The antenna of c¢laim 1, wherein the antenna

element is a planar inverted-F antenna (PIFA) element.

4, The antenna of c¢laim 1, wherein the antenna

element is a meander-type antenna element.

5. The antenna of claim 1, wherein the antenna

element is a helical antenna element.

6. The antenna of claim 1, wherein the antenna

element is a spring-type loop antenna element.

7. The antenna of claim 1, wherein the antenna
element 1is a spiral top-loaded monopole antenna (STLA)

element.

8. The antenna of claim 1, wherein the antenna

element is a capacitor-plate antenna element.

9. The antenna of c¢laim 1, wherein the antenna

18
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element is a multi-element top-loaded monopole antenna
element.

10. The antenna of c¢laim 1, wherein the antenna

5 element is an inverted-F antenna element.
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