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A dual-band antenna adapted for an Ultra-mobile Personal
Computer has a grounding element including a first ground-
ing portion of elongated plate shape and a second grounding
portion extending substantially perpendicular to the first
grounding portion from a long edge of the first grounding
portion. A connecting element is connected with the second
grounding portion. An installing element is connected with
the second grounding portion and spaced away from the
connecting portion. A radiating element includes a low fre-
quency resonator extending from the connecting element, a
high frequency resonator extending opposite to the low fre-
quency resonator and towards the installing element from the
connecting element, and an enhancing frequency resonator
extending from an edge of the installing element back to the
high frequency resonator. The low, high and enhancing fre-
quency resonators are substantially aligned with each other
and parallel to the second grounding portion.
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(57) ABSTRACT

A dielectric resonator antenna which emits an electric wave
by having a dielectric body resonate is disclosed. A magnetic
material is contained in the electric body, thereby increasing
the relative permeability to more than 1 and lowering the
relative permittivity. Consequently, the Q-value of the reso-
nance can be lowered while maintaining the rate of wave-
length shortening. With this technique, a broadband dielectric
resonator antenna can be realized.
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HANDHELD DEVICE WITH SWITCHABLE
SIGNAL RECEIVING MODES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Taiwan Patent Appli-
cation No. 097112918, filed on Apr. 9, 2008, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a handheld device, and
more particularly to a handheld device with switchable signal
receiving modes.

2. Related Art

With the rapid technological progress and vigorous com-
petition, business trip is rapidly becoming common. In addi-
tion, people have taken mobile phones along with them even
on a tour in holidays. However, generally, conventional
mobile phones are merely adapted to one frequency. Consid-
ering users having several phone numbers, the current mobile
phone is configured with a dual module that can be inserted
with two SIM cards, and is further equipped with a composite
antenna therein. Thus, when different phone numbers are
used, a telecommunication signal of an appropriate frequency
corresponding to a certain phone number can be transmitted
and received via the composite antenna.

Moreover, in order to enhance the functions of the mobile
phone, some mobile phones are equipped with a global posi-
tioning system (GPS) or a network TV module, so that the
users can perform the satellite positioning operation or enjoy
network TV.

However, the prior art has some difficulties that are difficult
to overcome.

Firstly, a mobile phone user may go abroad in a certain
business trip, but a transmission frequency of the mobile
phone is generally a fixed single frequency, and at the best
circumstance, the mobile phone is equipped with a composite
antenna to use together with a dual module. Unfortunately,
the mobile phone may not meet the requirements of the fre-
quencies of the telecommunication signals adopted by a local
telecommunication system, i.e., the mobile phone cannot
work. Even when the user has got a local telecommunication
phone number, the user still needs a mobile phone conform-
ing to the local telecommunication system.

Secondly, although some mobile phones are equipped with
the GPS, such mobile phones still need to be equipped with an
additional dedicated antenna for transmitting and receiving
satellite signals, which further occupies some space within
the mobile phone.

Thirdly, a mobile phone user may be a subscriber of the
satellite TV, and the mobile phone generally transfers TV
images over the telecommunication network. However, due
to the different frequencies of the transferred signals, the
telecommunication network cannot be combined with the
satellite system, so an additional antenna for receiving satel-
lite signals needs to be configured. Actually, considering the
cost and phone volume, most manufacturers do not provide a
mobile phone with satellite TV, which restricts the functions
of the mobile phone.

SUMMARY OF THE INVENTION

In view of the above, the present invention is directed to a
handheld device, which includes an antenna that can transmit
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and receive signals of various different frequencies, so that
different functional modules within the handheld device can
transmit and receive corresponding signals.

In order to solve the above problem, a technical means of
the present invention is to provide a handheld device with
switchable signal receiving modes. The handheld device
includes a telescopic antenna, a telecommunication trans-
ceiver module, a satellite signal module, and a switch circuit.
The switch circuit is coupled to the telescopic antenna, the
telecommunication transceiver module, and the satellite sig-
nal module.

According to a switch signal, the switch circuit electrically
couples the telescopic antenna to the telecommunication
transceiver module, and adjusts the telescopic antenna to a
first length for the telecommunication transceiver module to
transmit and receive a signal of a first frequency, or adjusts the
telescopic antenna to a second length for the telecommunica-
tion transceiver module to transmit and receive a signal of a
second frequency. Alternatively, the switch circuit electri-
cally couples the telescopic antenna to the satellite signal
module according to the switch signal, and adjusts the tele-
scopic antenna to the second length for the satellite signal
module to receive a satellite signal.

In the handheld device with switchable signal receiving
modes of the present invention, the telescopic antenna is a
multi-segment antenna.

In the handheld device with switchable signal receiving
modes of the present invention, the switch circuit electrically
couples the telescopic antenna to the telecommunication
transceiver module according to the switch signal, and adjusts
the telescopic antenna to a third length for the telecommuni-
cation transceiver module to transmit and receive a signal of
a third frequency.

The present invention can achieve efficacies that cannot be
achieved by the prior art.

Firstly, with the design of the telescopic antenna, the hand-
held device can receive signals of various frequencies for the
telecommunication transceiver module to transmit and
receive signals of different frequencies, so that the handheld
device can adjust the telescopic antenna to cater to the fre-
quencies of the telecommunication signals adopted by a local
telecommunication system, thereby carrying out communi-
cations in conjunction with local telecommunication phone
numbers.

Secondly, all the functional modules of the handheld
device can transmit and receive signals of different frequen-
cies merely through extending and retracting the telescopic
antenna, so that only a single antenna is required for the whole
handheld device, thereby saving the inner space of the hand-
held device.

Thirdly, when the telescopic antenna is adjusted to the
second length, it can be adapted to receive telecommunica-
tion signals of higher frequencies and satellite signals. With
an input device and the switch circuit, a user can selectively
switch between the satellite signal module and the telecom-
munication transceiver module to enable one of them to be
electrically coupled to the telescopic antenna, thereby acquir-
ing corresponding telecommunication signals or satellite sig-
nals. Moreover, the satellite signal module can be incorpo-
rated with functions of the satellite TV and the GPS, thereby
enabling the subscribers of the satellite TV to enjoy TV pro-
grams without paying additional telecommunication fees.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below for illustra-
tion only, which thus is not limitative of the present invention,
and wherein:
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FIG. 1 is a schematic view of an internal structure of a
handheld device according to an embodiment of the present
invention;

FIG. 2 shows an extended state of a telescopic antenna
according to an embodiment of the present invention;

FIG. 3 shows a retracted state of a telescopic antenna
according to an embodiment of the present invention;

FIG. 41is a satellite signal receiving view of an embodiment
of the present invention; and

FIG. 5 shows an extended state of a telescopic antenna
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In order to further understand the aspects, construction
features, and functions of the present invention, a detailed
illustration is made below with reference to the related
embodiments and the drawings.

FIG. 1 is a schematic view of an internal structure of a
handheld device according to an embodiment of the present
invention. Referring to FIG. 1, a handheld device 100
includes a telescopic antenna 120, a telecommunication
transceiver module 140, a satellite signal module 150, a
switch circuit 130, and an input module 110.

The input module 110 and the telescopic antenna 120 are
electrically coupled to the switch circuit 130, and at the same
time point, the switch circuit 130 electrically couples the
telescopic antenna 120 to one of the satellite signal module
150 and the telecommunication transceiver module 140.

The telescopic antenna 120 may be a multi-segment
antenna, which may be adjusted to a first length .1 and a
second length 1.2. The telescopic antenna 120 may be
extended to the first length [.1 from the second length [.2.
Also, the telescopic antenna 120 may be retracted to the
second length 1.2 from the first length L1.

The telecommunication transceiver module 140 transmits
and receives a signal of a first frequency via the telescopic
antenna 120 when the telescopic antenna 120 is extended to
the first length L.1. On the other hand, the telecommunication
transceiver module 140 transmits and receives a signal of a
second frequency via the telescopic antenna 120 when the
telescopic antenna 120 is adjusted to the second length 1.2.
The satellite signal module 150 receives a satellite signal via
the telescopic antenna 120 when the telescopic antenna 120 is
adjusted to the second length [.2.

Referring to both FIGS. 1 and 2, when the telecommuni-
cation transceiver module 140 is electrically connected to the
telescopic antenna 120 through the switch circuit 130, and the
telescopic antenna 120 is extended to the first length [.1, the
signal of the first frequency transmitted and received by the
telecommunication transceiver module 140 via the telescopic
antenna 120 is a signal of a relatively low frequency, for
example, a telecommunication signal with a frequency of 450
MHz.

Referring to both FIGS. 1 and 3, when the telecommuni-
cation transceiver module 140 is electrically connected to the
telescopic antenna 120, and the telescopic antenna 120 is
adjusted to the second length 1.2, the signal of the second
frequency transmitted and received by the telecommunica-
tion transceiver module 140 via the telescopic antenna 120 is
a signal of a relatively high frequency, for example, a tele-
communication signal with a frequency of 1.5 GHz.

Referring to both FIGS. 1 and 4, when the satellite signal
module 150 is electrically connected to the telescopic antenna
120 through the switch circuit 130, and the telescopic antenna
120 is adjusted to the second length 1.2, the satellite signal
transmitted and received by the satellite signal module 150
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via the telescopic antenna 120 is a signal of a relatively high
frequency, for example, a satellite signal used by the GPS or
satellite TV with a frequency of 1.5 GHz or 2.5 GHz.

The input module 110 is adapted to input a switch signal to
the switch circuit 130. The switch circuit 130 performs a
circuit switching according to the current connecting circum-
stances among the telescopic antenna 120, the telecommuni-
cation transceiver module 140, and the satellite signal module
150.

For example, the telescopic antenna 120 is electrically
coupled to the telecommunication transceiver module 140.
When receiving a switch signal, the switch circuit 130 turns
off a coupling circuit between the telescopic antenna 120 and
the telecommunication transceiver module 140 and mean-
while electrically connects the telescopic antenna 120 to the
satellite signal module 150. On the contrary, the switch circuit
130 turns off the coupling circuit between the telescopic
antenna 120 and the satellite signal module 150 and mean-
while electrically connects the telescopic antenna 120 to the
telecommunication transceiver module 140.

The switch signal includes control commands for adjusting
the telescopic antenna 120 and functional modules to be
switched, which includes the following manners.

Firstly, the control command of the switch signal is to
switch to the telecommunication transceiver module 140 and
transmit and receive signals of a relatively high frequency.
The switch circuit 130 electrically couples the telescopic
antenna 120 to the telecommunication transceiver module
140, adjusts the telescopic antenna 120 to the second length
L2, and enables the telecommunication transceiver module
140 to transmit and receive a signal of a second frequency
(e.g., 1.5 GHz) via the telescopic antenna 120.

Secondly, the control command of the switch signal is to
switch to the telecommunication transceiver module 140 and
transmit and receive signals of a relatively low frequency. The
switch circuit 130 electrically couples the telescopic antenna
120 to the telecommunication transceiver module 140,
adjusts the telescopic antenna 120 to the first length L1, and
enables the telecommunication transceiver module 140 to
transmit and receive a signal of a first frequency (e.g., 450
MHz) via the telescopic antenna 120.

Thirdly, the control command of the switch signal is to
switch to the satellite signal module 150 and transmit and
receive satellite signals. The switch circuit 130 electrically
couples the telescopic antenna 120 to the satellite signal mod-
ule 150, adjusts the telescopic antenna 120 to the second
length L2, and enables the satellite signal module 150 to
transmit and receive a satellite signal (e.g., 1.5 GHz or 2.5
GHz) via the telescopic antenna 120.

Referring to FIGS. 1 and 5, the telescopic antenna 120 is
further adjusted to a third length .3, in which the third length
L3 falls between the first length [.1 and the second length [.2,
and correspondingly, the telecommunication transceiver
module 140 transmits and receives a signal of a third fre-
quency. Therefore, when the control command of the switch
signal is to switch to the telecommunication transceiver mod-
ule 140 and transmit and receive signals of frequencies which
are higher than the first frequency that is relatively low and
lower than the second frequency that is relatively high, the
switch circuit 130 electrically couples the telescopic antenna
120 to the telecommunication transceiver module 140,
adjusts the telescopic antenna 120 to the third length 1.3, and
enables the telecommunication transceiver module 140 to
transmit and receive a signal of a third frequency (e.g., a
telecommunication signal with a frequency of 800 MHz) via
the telescopic antenna 120.
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The satellite signal module 150 is a global positioning
module or a satellite TV module, or the satellite signal module
150 is integrated with a global positioning module or a satel-
lite TV module.

FIG. 2 shows an adjusted state of a telescopic antenna
according to an embodiment of the present invention. Refer-
ring to FIG. 2, in this embodiment, the telescopic antenna 120
is adjusted to the first length L1 for the telecommunication
transceiver module 140 therein to transmit and receive a
signal of a first frequency (e.g., a telecommunication signal
with a frequency of 450 MHz).

FIG. 3 shows an adjusted state of a telescopic antenna
according to an embodiment of the present invention. Refer-
ring to FIG. 3, in this embodiment, the telescopic antenna 120
is adjusted to the second length [.2 for the telecommunication
transceiver module 140 therein to transmit and receive a
signal of a second frequency (e.g., a telecommunication sig-
nal with a frequency of 1.5 GHz).

FIG. 41is a satellite signal receiving view of an embodiment
of the present invention. Referring to FIG. 4, in this embodi-
ment, the telescopic antenna 120 is adjusted to the second
length 1.2 for the satellite signal module 150 therein to trans-
mit and receive a satellite signal (e.g., a satellite signal with a
frequency of 1.5 GHz or 2.5 GHz). The satellite signal mod-
ule 150 may be a global positioning module or a satellite TV
module for receiving satellite signals with positioning infor-
mation or TV images, and displaying the positioning infor-
mation or TV images on a screen of the handheld device 100.

FIG. 5 shows an adjusted state of a telescopic antenna
according to an embodiment of the present invention. Refer-
ring to FIG. 5, in this embodiment, the telescopic antenna 120
is adjusted to the third length [.3 for the telecommunication
transceiver module 140 therein to transmit and receive a
signal of a third frequency (e.g., a telecommunication signal
with a frequency of 800 MHz).

The present invention has been particularly described with
reference to the preferred embodiments, but is not limited
hereby. It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of'this invention provided they fall within the scope
of the following claims and their equivalents.

What is claimed is:

1. A handheld device with switchable signal receiving
modes, comprising:

atelescopic antenna, for being adjusted to a first length and
a second length;

a telecommunication transceiver module, for transmitting
and receiving a signal of a first frequency via the tele-
scopic antenna when the telescopic antenna is adjusted
to the first length, and transmitting and receiving a signal
of a second frequency via the telescopic antenna when
the telescopic antenna is adjusted to the second length;

a satellite signal module, for receiving a satellite signal via
the telescopic antenna when the telescopic antenna is
adjusted to the second length; and

a switch circuit, for receiving a switch signal, and electri-
cally coupled to the telescopic antenna, wherein when
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the telecommunication transceiver module is electri-
cally coupled to the telescopic antenna, the switch cir-
cuit adjusts the telescopic antenna to the first length for
the telecommunication transceiver module to transmit
and receive the signal of the first frequency, and adjusts
the telescopic antenna to the second length for the tele-
communication transceiver module to transmit and
receive the signal of the second frequency, or the switch
circuit electrically couples the telescopic antenna to the
satellite signal module when receiving the switch signal,
and adjusts the telescopic antenna to the second length
for the satellite signal module to receive the satellite
signal.

2. The handheld device with switchable signal receiving
modes according to claim 1, wherein the telescopic antenna is
electrically coupled to one of the satellite signal module and
the telecommunication transceiver module.

3. The handheld device with switchable signal receiving
modes according to claim 1, wherein a frequency of the signal
of the second frequency received by the telecommunication
transceiver module is higher than that of the signal of the first
frequency.

4. The handheld device with switchable signal receiving
modes according to claim 1, wherein a frequency of the signal
of the first frequency received by the telecommunication
transceiver module is 450 MHz.

5. The handheld device with switchable signal receiving
modes according to claim 1, wherein a frequency of the signal
of the second frequency received by the telecommunication
transceiver module is 1.5 GHz.

6. The handheld device with switchable signal receiving
modes according to claim 1, wherein a frequency of the
satellite signal received by the satellite signal module is 1.5
GHz.

7. The handheld device with switchable signal receiving
modes according to claim 1, wherein a frequency of the
satellite signal received by the satellite signal module is 2.5
GHz.

8. The handheld device with switchable signal receiving
modes according to claim 1, wherein the switch circuit elec-
trically couples the telescopic antenna to the telecommunica-
tion transceiver module when receiving the switch signal, and
adjusts the telescopic antenna to a third length for the tele-
communication transceiver module to transmit and receive a
signal of a third frequency.

9. The handheld device with switchable signal receiving
modes according to claim 7, wherein a frequency ofthe signal
of the third frequency received by the telecommunication
transceiver module is 800 MHz.

10. The handheld device with switchable signal receiving
modes according to claim 1, wherein the telescopic antenna is
a multi-segment antenna.

11. The handheld device with switchable signal receiving
modes according to claim 1, wherein the satellite signal mod-
ule is a global positioning module.

12. The handheld device with switchable signal receiving
modes according to claim 1, wherein the satellite signal mod-
ule is a satellite TV module.
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(57) ABSTRACT

A multiband antenna array for mobile radio equipment that
includes a planar pitch antenna having atleast two resonances
and is provided with a connection to ground and a high-
frequency interface and at least two parasitic transmitters
which are located marginal to the planar patch antenna and
are embodied so as to be free of a high-frequency interface. A
particularly compact multiband antenna for several frequency
bands is crated as a result of the special arrangement of the
planar patch antenna and the parasitic transmitters.
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1
MULTIBAND ANTENNA ARRAY FOR
MOBILE RADIO EQUIPMENT

The present disclosure relates to multiband antenna array
for mobile radio equipment that include a planar patch
antenna having at least two resonances and is provided with a
connection to ground and a high-frequency interface and at
least two parasitic transmitters which are located marginal to
the planar patch antenna and are each embodied so as to be
free of a high-frequency interface.

BACKGROUND

As a result of the continuous developments in the area of
mobile radio technology, such as for example the expansion
of'the GSM network (GSM=Global System for Mobile Com-
munication) through the UMTS network (UMTS=Universal
Mobile Telecommunications System), antennas designed to
cover several frequency bands are needed. At the same time,
because of the sophisticated requirements of many custom-
ers, mobile radio equipment must firstly be designed so as to
be smaller and more compact in terms of its dimensions and
secondly be manufactured more inexpensively.

For this reason, the antennas for mobile radio equipment
also have to be optimized in terms of frequency coverage,
manufacturing costs and the structural space needed for the
antenna.

In order to be able to cover multiple frequency bands with
the multiband antenna, a number of solutions are already
known. In one variant of the solution, multiple planar patch
antennas are integrated in a mobile radio device. A disadvan-
tage of integrating multiple antennas into one multiband
antenna is that multiple feed points are required for the planar
patch antennas, and consequently the construction of the
multiband antenna is complicated.

In the applicant’s European patent EP 1 024 552 A2, a
multiband antenna is presented which was already an
improvement in terms of the production costs and spatial
requirements. This improvement was achieved by virtue of
the fact that the multiband antenna consists of a combination
of multiple different types of antenna which are all fed at just
one point. By this means, both the manufacturing costs and
the spatial requirements of the antenna can be reduced.

For the latest generation of mobile radio equipment, how-
ever, this multiband antenna is still not satisfactory in terms of
its spatial requirements and manufacturing costs.

Accordingly, a multiband antenna array for mobile radio
equipment is needed that also enables a further reduction in
manufacturing costs while simultaneously reducing the
antenna space needed.

SUMMARY

Under an exemplary embodiment, a multiband antenna
array for mobile radio equipment includes a planar patch
antenna that has at least two resonances and is provided with
a connection to ground and a high-frequency interface and at
least two parasitic transmitters which are located marginal to
the planar patch antenna and are each embodied so as to be
free of a high-frequency interface.

The parasitic transmitters are preferably arranged closely
adjacent to the planar patch antenna. Under this arrangement,
the overall structural space for the multiband antenna array
can be designed so as to be extremely compact. Parasitic
transmitters are deemed to be types of antenna that do not
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have a high-frequency interface. The two parasitic transmit-
ters can for example be designed for the GSMS850 band and
for the GSM1900 band.

The planar patch antenna can be fashioned both as a planar
inverted F-antenna (PIFA antenna) and as a planar inverted
L-antenna. This planar patch antenna can, for example, have
resonances in the GSM900 band and in the GSM1800 band.

The arrangement of the planar patch antenna and of the
marginally located parasitic transmitters mentioned above
opens up a plurality of different production methods for such
a multiband antenna array.

The antenna can be manufactured from Fr4 material. The
disadvantage here is that for this the antenna has to be planar,
that is can be extended in two dimensions only.

A further production method for this multiband antenna
array is stamping and forming technology. In this case, it is
possible to shape the multiband antenna three-dimensionally.
By this means, the multiband antenna array can be adapted for
example to the shape of the mobile radio equipment housing.

The multiband antenna array can, however, also be pro-
duced using the MID method (MID=molded interconnect
devices). With this, as with stamping and forming technology,
three-dimensional forms of multiband antenna can be pro-
duced. However, compared with stamping and forming tech-
nology, the MID method enables the production of finer-
precision antenna structures.

The multiband antenna array also enables the realization of
different types of coupling between the planar patch antenna
and the parasitic transmitters. The type and strength of the
coupling makes it possible either to enlarge the bandwidth of
a resonance generated by the antenna patch or to integrate an
additional resonance. In this case, through radiative coupling
and/or galvanic coupling with the shared ground of the
antenna system, the parasitic transmitters can be excited by
the patch structure.

It is favorable if at least one parasitic transmitter is pro-
vided with a connection to ground. This gives rise to a gal-
vanic coupling of this parasitic transmitter to the planar patch
antenna. The second parasitic transmitter can then be con-
nected, for example, by means of radiative coupling to the
planar patch antenna, i.e. the coupling between the planar
patch antenna and the second parasitic transmitter takes place
through radiation excitation for example over the airway.

The planar patch antenna and the parasitic transmitters can
also be arranged in a plane. By this means, the multiband
antenna can be incorporated particularly flatly in the housing
of the mobile radio device, as a result of which the mobile
radio device, for example a mobile phone, can be designed so
as to be slimmer and thus more compact overall.

Sometimes, however, it is also advantageous for at least
one parasitic transmitter to have a spatial extension, emerging
preferably perpendicularly out of the plane of the planar patch
antenna. By this means, the surface of the antenna can be
reduced so as to conform better to certain design parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

The various objects, advantages and novel features of the
present disclosure will be more readily apprehended from the
following Detailed Description when read in conjunction
with the enclosed drawings, in which:

FIG. 1 illustrates a planar multiband antenna array com-
prising a planar patch antenna, two parasitic transmitters and
comprising a total of four contact points under an exemplary
embodiment;
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FIG. 2 illustrates a planar multiband antenna array com-
prising a planar patch antenna and two parasitic transmitters
which both use the same connection to ground under another
exemplary embodiment;

FIG. 3 illustrates a multiband antenna array comprising a
planar patch antenna, a planar parasitic transmitter, a three-
dimensionally extended parasitic transmitter and comprising
a total of four contact points under yet another exemplary
embodiment; and

FIG. 4 illustrates a multiband antenna array as shown in
FIG. 3, the three-dimensionally extended parasitic transmit-
ter having no connection to ground.

DETAILED DESCRIPTION

FIG. 1 shows a planar multiband antenna array. The planar
patch antenna labeled 1 has in this embodiment two reso-
nances 1.1 and 1.2 which are illustrated as arrows. This planar
patch antenna 1 has both a connection to ground 1.M and a
high-frequency interface 1.RF.

Two parasitic transmitters 2.1 and 2.2 are arranged in the
same plane of the planar patch antenna 1. The parasitic trans-
mitters 2.1 and 2.2 are each provided with their own connec-
tion to ground 2.1.M and 2.2.M and thus have a galvanic and
an electromagnetic coupling to the planar patch antenna 1.
The first parasitic transmitter 2.1 extends almost over three
adjacent sides of the planar patch antenna 1, while the second
parasitic transmitter 2.2 extends only on one side. These
different embodiments of the parasitic transmitters 2.1 and
2.2 make it possible for two further resonances to be set. The
resonances of the parasitic transmitters are not shown in FIG.
1.

FIG. 2 illustrates a further embodiment of the multiband
antenna array. The planar patch antenna 1 is constructed
similarly to that in FIG. 1. In contrast to FIG. 1, the parasitic
transmitters 2.1 and 2.2 here both use the same connection to
ground 2.12.M and are thus galvanically and electromagneti-
cally coupled to the planar patch antenna 1.

FIG. 3 illustrates another embodiment of the multiband
antenna array. The planar patch antenna 1 has both a connec-
tion to ground 1.M and a high-frequency interface 1.RF. A
parasitic transmitter 2.2 is arranged in the same plane as the
planar patch antenna 1 on the right-hand side in FIG. 3. This
parasitic transmitter 2.2 extends over one side of the planar
patch antenna 1 and, through its connection to ground 2.2.M,
has a galvanic and an electromagnetic coupling to the planar
patch antenna 1. The first parasitic transmitter 2.1 arranged on
the left-hand side in FIG. 3 also has its own connection to
ground 2.1.M. This parasitic transmitter 2.1 is three-dimen-
sionally extended and extends outside the plane of the planar
patch antenna in the form of alternate meander-shaped turns.

FIG. 4 illustrates an alternate arrangement to the multiband
antenna array from FIG. 3. In contrast to FIG. 3, this embodi-
ment of the multiband antenna array is provided with only
three contact points. The three-dimensionally extended para-
sitic transmitter 2.1' does not have its own connection to
ground and thus has a purely radiative coupling to the planar
patch antenna.

Overall, the invention thus provides a multiband antenna
array for mobile radio equipment that can be manufactured
particularly inexpensively and can cover as many frequency
bands as possible, while requiring minimal space in the
mobile radio device.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
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4

from the spirit and scope of the present invention and without
diminishing its intended advantages. It is therefore intended
that such changes and modifications be covered by the
appended claims.

LIST OF REFERENCE CHARACTERS

1 planar patch antenna

1.M connection to ground of the planar patch antenna

1.RF high-frequency interface of the planar patch antenna

1.1 first resonance of the planar patch antenna (symbolized by
the arrow)

1.2 second resonance of the planar patch antenna (symbolized
by the arrow)

2.1 first parasitic transmitter

2.1 first parasitic transmitter without a connection to ground

2.2 second parasitic transmitter

2.1.M connection to ground of the first parasitic transmitter

2.2.M connection to ground of the second parasitic transmit-
ter

2.12.M shared connection to ground of the first and second
parasitic transmitters

The invention claimed is:

1. A multiband antenna array for a mobile radio equipment,
comprising:

a planar patch antenna defining a plane and having a first
branch that resonates in a first frequency band and a
second branch that resonates in a second frequency band
and is further coupled to a ground connection and to a
high-frequency interface, the planar patch antenna hav-
ing a first side and a second side, the first side being
adjacent to the second side; and

a plurality of parasitic transmitters, wherein said plurality
of parasitic transmitters are located (i) marginal to the
planar patch antenna, (ii) outside of the planar patch
antenna, and (iii) in the plane defined by the planar patch
antenna, wherein:

(1) each of the plurality of parasitic transmitters are
embodied so as to be free of said high-frequency
interface;

(ii) said plurality of parasitic transmitters are arranged as
line-shaped conductor structures; and

(iii) at least one of said plurality of parasitic transmitters
which forms a bend includes:

(a) a first three dimensional line-shaped portion that
extends in a first dimension in the plane, the first
three dimensional line-shaped portion running par-
allel to the first side; and

(b) a second three dimensional line-shaped portion
that extends in a second different dimension in the
plane, the second three dimensional line-shaped
portion running parallel to the second side, wherein
conductor structures of the planar patch antenna are
arranged as sheet-shaped conductor structures.

2. The multiband antenna array according to claim 1,
wherein at least one parasitic transmitter is provided with a
connection to ground.

3. The multiband antenna array according to claim 1,
wherein the plurality of parasitic transmitters are provided
with a shared connection to ground.

4. The multiband antenna array according to claim 1,
wherein at least one parasitic transmitter is free of connec-
tions to ground.

5. The multiband antenna array according to claim 1,
wherein the plurality of parasitic transmitters are arranged on
opposite sides of the planar patch antenna.
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6. The multiband antenna array according to claim 4,
wherein the plurality of parasitic transmitters are located on
adjacent sides of the planar patch antenna.

7. The multiband antenna array according to claim 1,
wherein said one of said plurality of parasitic transmitters
extends at least partially over three adjacent sides of the
planar patch antenna.

8. The multiband antenna array according to claim 1,
wherein said one of said plurality of parasitic transmitters
extends at least partially over four sides of the planar patch
antenna.

6

9. The multiband antenna array according to claim 1,
wherein the planar patch antenna and said plurality of para-
sitic transmitters are arranged in a same plane.

10. The multiband antenna array according to claim 1,
wherein at least one parasitic transmitter has a spatial exten-
sion, emerging perpendicularly out ofthe plane defined by the
planar patch antenna.
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1
TRIPLE-BAND ANTENNA

BACKGROUND

1. Technical Field

The present disclosure generally relates to antennas for
portable wireless communication devices, particularly to a
triple-band antenna.

2. Discussion of the Related Art

With the developments of wireless communication and
information processing technologies, portable wireless com-
munication devices such as mobile phones and personal digi-
tal assistants (PDAs) are now in widespread use, and consum-
ers may now enjoy the full convenience of high-end
electronics products almost anytime and anywhere.

Typical portable wireless communication devices gener-
ally include a single band antenna to transmit and receive
electromagnetic waves. The single band antenna provides
only one frequency band for communication and cannot sat-
isfy the consumer’s desire that their electronic device be
operated at multiple frequency bands. A dual-band antenna
can solve the aforesaid problems. However, the volume of the
conventional dual-band antenna is relatively large, and occu-
pies a relatively large space within the portable wireless com-
munication device. In addition, the conventional dual-band
antenna is not suitable for developing a communicating sys-
tem providing more than two frequency bands.

Therefore, there is room for improvement within the art.

BRIEF DESCRIPTION OF THE DRAWING

Many aspects of the present triple-band antenna can be
better understood with reference to the following drawings.
The components in the drawings are not necessarily drawn to
scale, the emphasis instead being placed upon clearly illus-
trating the principles of the present triple-band antenna.
Moreover, in the drawings, like reference numerals designate
corresponding parts throughout the several views.

FIG. 1 shows a top view of a triple-band antenna mounted
on a circuit board, according to an exemplary embodiment.

FIG. 2 shows a comparison graph of a test result and a
simulated result obtained from the triple-band antenna of
FIG. 1, disclosing returning loss varying with frequency.

FIGS. 3 to 5 show measured horizontal and vertical polar-
ized radiation directional patterns of X-Y, Y-Z and Z-X planes
of'the triple-band antenna operating at 900 MHz respectively.

FIGS. 6 to 8 show measured horizontal and vertical polar-
ized radiation directional patterns of X-Y, Y-Z and Z-X planes
of the triple-band antenna operating at 1800 MHz respec-
tively.

FIGS. 9 to 11 show measured horizontal and vertical polar-
ized radiation directional patterns of X-Y, Y-Z and Z-X planes
of the triple-band antenna operating at 245000 MHz respec-
tively.

FIGS. 12 to 14 show measured Gain graphs of the triple-
band antenna operating at 900 MHz, 1800 MHz and 245000
MHz respectively.

DETAILED DESCRIPTION OF THE
EMBODIMENT

Referring to FIG. 1, a triple-band antenna 30 is a flat plane
antenna according to an exemplary embodiment feeding sig-
nals using coplanar waveguides. The triple-band antenna 30
is disposed on an insulated board 10 of a portable wireless
communication device (not shown) such as a mobile phone or
personal digital assistant for transmitting and receiving sig-
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nals, such as radio waves and datum signals. The insulated
board 10 is a substantially rectangular board and may be made
of fiberglass and may have a permittivity of about 4.4, a loss
tangent of about 0.02, and a thickness of about 1.6 mm. Inthe
exemplary embodiment, the triple-band antenna 30 is made
of copper material and disposed on the insulated board 10 by
engraving technology.

The triple-band antenna 30 includes a feed line 31, a first
radiating body 33, a second radiating body 35, a first ground-
ing sheet 36 and a second grounding sheet 37. The first
radiating body 33 is a substantially rectangular sheet, having
a length of about a quarter of a wavelength of a first resonant
frequency, which is about 900 MHz. One end of the first
radiating body 33 is electrically connected to an end of the
feed line 31, and the other end of the first radiating body 33 is
a free end parallel with the feed line 31.

The first radiating body 33 includes a first radiating arm
331, a second radiating arm 332, a third radiating arm 333 and
a fourth radiating arm 334 electrically connected in series to
each other. The first radiating arm 331 is perpendicular and
electrically connected to the feed line 31. The fourth radiating
arm 334 is parallel with the feed line 31, and parallel with the
second radiating arm 332. An end of the fourth radiating arm
334 is spaced from the junction of the first radiating arm 331
and the feed line 31.

The second radiating body 35 includes three bar-shaped
sheets extending from the second radiating arm 332 toward
the fourth radiating arm 334. The three sheets of the second
radiating body 35 are parallel with each other, and are equally
spaced. The second radiating body 35 is surrounded by the
first radiating body 33.

The first grounding sheet 36 and the second grounding
sheet 37 are disposed at opposite sides of the feed line 31. The
first and second grounding sheets 36, 37 are equally spaced
from the feed line 31, and a distance between the first ground-
ing sheet 36 and the feed line 31 is adjustable to adjust a third
resonant frequency of the triple-band antenna 30.

When the triple-band antenna 30 is in use, the feed line 31
receives outer signals and transmits the signals from the first
radiating body 33 and the second radiating body 35 to form
three different transmission routes of different lengths. The
first radiating body 33 and the second radiating body 35 form
three different signal currents and generate three different
operating frequencies respectively to make the triple-band
antenna 30 able to work with three communication systems,
e.g. GSM900, DCS1800 and WLLAN2450. When the signals
are transmitted along the first radiating body 33, a first reso-
nant operating frequency of 900 MHz can be generated to
allow the triple-band antenna to work on GSM900 commu-
nication system. When the signals are transmitted along the
second radiating body 35, a second resonance operating fre-
quency of 1800 MHz can be generated to allow the triple-
band antenna to work on DCS1800 communication system.
When the signals are transmitted along the first radiating
body 33 and the second radiating body 35, a third resonance
operating frequency of 2450 MHz can be generated to allow
the triple-band antenna 30 to work on WLAN2450 commu-
nication system.

Referring now to FIG. 2, a comparison graph of a test result
and a simulated result obtained of the triple-band antenna,
shows return loss varying with frequency. The triple-band
antenna 30 generates three resonant frequencies near the fre-
quency of 900 MHz, 1800 MHz and 2450 MHz during the test
respectively. According to the graph of FIG. 3, the test return
loss and the simulated return loss are very similar; and
achieve the design requirements. The bandwidth of the triple-
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band antenna 30 is suitable for working under GSM900,
DCS1800 and WLAN2450 three communication systems.

Referring now to FIG. 3, FIG. 4 and FIG. 5, they show the
measured horizontal and vertical polarize radiation direc-
tional patterns of X-Y, Y-Z and Z-X planes of the triple-band
antenna 30 operating at 900 MHz respectively. The triple-
band antenna 30 has maximum radiation intensity near 80
degrees and 270 degrees of the X-Y plane when operating at
900 MHz frequency.

Referring now to FIG. 6, FIG. 7 and FIG. 8, they show the
measured horizontal and vertical polarized radiation direc-
tional patterns of X-Y, Y-Z and Z-X planes of the triple-band
antenna 30 when operating at 1800 MHz respectively. The
triple-band antenna 30 has maximum radiation intensity near
0 degrees and 180 degrees of the Y-Z plane when operating at
1800 MHz frequency.

Referring now to FIG. 9, FIG. 10 and FIG. 11, they show
the measured horizontal and vertical polarized radiation
directional patterns of X-Y, Y-Z and Z-X planes of the triple-
band antenna 30 operating at 2450 MHz respectively. The
triple-band antenna 30 has maximum radiation intensity near
45 degrees and 135 degrees of the Y-Z plane when operating
at 2450 MHz frequency.

Referring now to FIG. 12, FIG. 13 and FIG. 14, they show
the measured Gain graph of the triple-band antenna 30 oper-
ating at 900 MHz, 1800 MHz and 245000 MHz respectively.
According to the graphs, the gain of the first resonant oper-
ating frequency 900 MHz is -3.47~-0.4; the gain of the
second resonant operating frequency 1800 MHz is
-1.44~0.11; the gain of the third resonant operating fre-
quency 2450 MHz is 3.09~4.13. The aforesaid measured
gains of the triple-band antenna 30 satisfy all design param-
eters.

Finally, it is to be understood, however, that even though
numerous characteristics and advantages of the present dis-
closure have been set fourth in the foregoing description,
together with details of the structure and function of the
present disclosure, the disclosure is illustrative only, and
changes may be made in detail, especially in matters of shape,
size, and arrangement of parts within the principles of present
disclosure to the full extent indicated by the broad general
meaning of the terms in which the appended claims are
expressed.

What is claimed is:

1. A triple-band antenna disposed on an insulated board
comprising:

a feed line for transmitting and receiving signals;

a frame-shaped first radiating body electrically connecting

with an end of the feed line;

a second radiating body comprising three parallel bar
sheets extending from the first radiating body and being
surrounded by the first radiating body; and

a first grounding sheet beside the feed line; wherein when
signals are transmitted along the first radiating body, a
first resonance operating frequency is generated; when
signals are transmitted along the second radiating body,
a second resonance operating frequency is generated;
and when the signals are transmitted along the first radi-
ating body and the second radiating body, a third reso-
nance operating frequency is generated.

2. The triple-band antenna as claimed in claim 1, wherein
the feed line is a longitudinal rectangular sheet, the first
radiating body includes a first radiating arm, a second radiat-
ing arm, a third radiating arm and a fourth radiating arm
electrically connecting with one another in sequence; the first
radiating arm perpendicularly disposed beside the feed line
and electrically connected with the end of the feed line; the
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fourth radiating arm parallel with the second radiating arm
and the feed line; an end of the fourth radiating arm spaced
apart from a junction of the first radiating arm and the feed
line.

3. The triple-band antenna as claimed in claim 2, wherein
the second radiating body is electrically connected with the
second radiating arm of the first radiating body and parallel to
the third radiating arm.

4. The triple-band antenna as claimed in claim 3, wherein
the triple-band antenna further comprises a second grounding
sheet disposed on an other side of the feed line, opposite to the
first grounding sheet.

5. The triple-band antenna as claimed in claim 3, wherein
adjusting the distance between the first grounding sheet and
the feed line adjusts the third resonance frequency of the
triple-band antenna.

6. The triple-band antenna as claimed in claim 1, wherein
the length of the first radiating body is about %4 of the wave-
length of the first vibration frequency.

7. The triple-band antenna as claimed in claim 6, wherein
the triple-band antenna is made of copper material and dis-
posed on the insulated board by engraving.

8. The triple-band antenna as claimed in claim 7, wherein
the insulated board is board-shaped and made of fiberglass.

9. The triple-band antenna as claimed in claim 7, wherein
the permittivity of the insulated board is about 4.4, the loss
tangent is about 0.02 and the thickness is about 1.6 mm.

10. The triple-band antenna as claimed in claim 1, wherein
the triple-band antenna is a flat plane antenna feeding in
signals using coplanar waveguides.

11. A triple-band antenna disposed on an insulated board
comprising:

a feed line for transmitting and receiving signals;

a frame-shaped first radiating body electrically connecting

with an end of the feed line;

a second radiating body comprising three parallel bar
sheets extending from the first radiating body and being
surrounded by the first radiating body; and

two grounding sheets including a first grounding sheet and
a second grounding sheet oppositely and adjustably dis-
posed at the two opposite sides of the feed line, wherein
when signals are transmitted along the first radiating
body, a first resonance operating frequency is generated;
when signals are transmitted along the second radiating
body, a second resonance operating frequency is gener-
ated; and when the signals are transmitted along the first
radiating body and the second radiating body, a third
resonance operating frequency is generated.

12. The triple-band antenna as claimed in claim 11,
wherein the feed line is a longitudinal rectangular sheet, the
first radiating body includes a first radiating arm, a second
radiating arm, a third radiating arm and a fourth radiating arm
electrically connecting with one another in sequence; the first
radiating arm perpendicularly disposed beside the feed line
and electrically connected with the end of the feed line; the
fourth radiating arm parallel with the second radiating arm
and the feed line; an end of the fourth radiating arm spaced
apart from a junction of the first radiating arm and the feed
line.

13. The triple-band antenna as claimed in claim 12,
wherein the second radiating body is electrically connected
with the second radiating arm of the first radiating body and
parallel to the third radiating arm.

14. The triple-band antenna as claimed in claim 13,
wherein adjusting the distance between the first grounding
sheet and the feed line adjusts the third resonance frequency
of' the triple-band antenna.
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15. The triple-band antenna as claimed in claim 11,
wherein the length of the first radiating body is about %4 of the
wavelength of the first vibration frequency.

16. The triple-band antenna as claimed in claim 14,
wherein the triple-band antenna is made of copper material
and disposed on the insulated board by engraving.

17. The triple-band antenna as claimed in claim 16,
wherein the insulated board is board-shaped and made of
fiberglass.

6

18. The triple-band antenna as claimed in claim 17,
wherein the permittivity of the insulated board is about 4.4,
the loss tangent is about 0.02 and the thickness is about 1.6
mm.

19. The triple-band antenna as claimed in claim 11,
wherein the triple-band antenna is a flat plane antenna feeding
in signals using coplanar waveguides.

#* #* #* #* #*
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ANTENNA DEVICE WITH AN ISOLATING
UNIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Taiwanese application
no. 096137262, filed on Oct. 4, 2007.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an antenna device, more particu-
larly to an antenna device that includes an isolating unit.

2. Description of the Related Art

Wireless technology nowadays requires the existence of
multiple antennas that operate in nearly the same frequency.
For the purpose of miniaturization, the antennas are kept
closely together which make them liable to mutual interfer-
ences. Hence, the isolation of the antennas is a problem yet to
be solved.

Conventionally, an antenna device is isolated with a slit
formed at the electrical ground. The slit generates inductance
and capacitance, which generates a bandstop frequency.

The aforementioned conventional antenna device is disad-
vantageous in that it is not possible to replace the slit with any
other LC circuit, which restricts modifications of all circuit
elements. Moreover, the inductance generated by the slit is
difficult to model. As such, the bandstop frequency generated
by the slit will be very difficult to calculate. Further, the
foregoing layout restrictions necessary for the conventional
way of isolation requires a relatively larger physical area.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention is to provide
an antenna device that can overcome the aforesaid drawbacks
of the prior art.

According to the present invention, an antenna device com-
prises at least a pair of antennas and an isolating unit. The
antennas have substantially the same operating frequency.
The isolating unit is disposed between the antennas, and
includes an L.C circuit that has a resonant frequency, which is
substantially the same as the operating frequency of the
antennas.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent in the following detailed description of the
preferred embodiments with reference to the accompanying
drawings, of which:

FIG. 1 is a schematic view of the first preferred embodi-
ment of an antenna device according to the present invention;

FIG. 2 is an exploded schematic view of the antenna device
in FIG. 1;

FIG. 3 is a plot illustrating insertion losses of the first
preferred embodiment;

FIG. 4 is a schematic view of the second preferred embodi-
ment of an antenna device according to the present invention;
and

FIG. 5 is a plot illustrating insertion losses of the second
preferred embodiment;

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before the present invention is described in greater detail,
it should be noted that like elements are denoted by the same
reference numerals throughout the disclosure.
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Referring to FIGS. 1 and 2, the first preferred embodiment
of an antenna device according to this invention is shown to
include a pair of antennas 28, 29 and an isolating unit 27.

The antenna device further includes a dielectric substrate
21 that has opposite first and second surfaces 211,212, and a
grounding element 22 that is made from a conductive material
and that is formed, such as by printing, on the first surface 211
of the dielectric substrate 21.

Each of the antennas 28, 29 includes a radiating element
281, 291 and a feeding line 282, 292. The radiating elements
281, 291, which are made from a conductive material, are
formed such as by printing on the second surface 212 of the
dielectric substrate 21, and do not overlap the grounding
element 22. The feeding lines 282, 292, which are made from
a conductive material, are formed such as by printing on the
second surface 212 of the dielectric substrate 21. The feeding
lines 282, 292 are respectively connected to the radiating
elements 281, 291, and overlap the grounding element 22. In
this embodiment, the radiating elements 281, 291 of the
antennas 28, 29 have substantially the same operating fre-
quency.

The isolating unit 27 is made from a conductive material
and is disposed between the radiating elements 281, 291 of
the antennas 28, 29. The isolation unit 27 includes an LC
circuit and first and second connecting lines 275, 276. In this
embodiment, the LC circuit is formed, such as by printing, on
the first surface 211 of the dielectric substrate 21. The LC
circuit has a resonant frequency that is substantially the same
as the operating frequency of the radiating elements 281, 291
of'the antennas 28, 29, and includes a spiral inductor 271 and
a gap capacitor 272, each of which has first and second
terminals. The first terminal of the spiral inductor 271 is
connected to the first terminal of the gap capacitor 272. The
second connecting line 276 is formed on the first surface 211
of' the dielectric substrate 21, and interconnects a junction of
the first terminals of the spiral inductor 271 and the gap
capacitor 272, and the grounding element 22. The first con-
necting line 275 is formed on the second surface 212 of the
dielectric substrate 21. The second terminal of the spiral
inductor 271 is connected to the first connecting line 275
through a via 273. The second terminal of the gap capacitor
272 is connected to the first connecting line 275 through a via
274.

In an alternative embodiment, the spiral inductor 271 and
the gap capacitor 272 may be formed on the second surface
212 of'the dielectric substrate 21. Moreover, the shapes of the
spiral inductor 271, the gap capacitor 272, and the radiating
elements 281, 291 may be varied. Further, the spiral inductor
271, the gap capacitor 272, and the radiating elements 281,
291 may be replaced by a lumped inductor, a lumped capaci-
tor, and a chip antenna element, respectively.

It is noted that the spiral inductor 271 achieves a larger
inductance when compared to other kinds of inductors having
substantially the same physical size. Moreover, the spiral
inductor 271 is relatively easy to model. As such, the resonant
frequency of the L.C circuit of the isolating unit 27 may be
easily calculated. Further, the L.C circuit of the isolating unit
27 oscillates at the resonant frequency when excited by the
radiating elements 282, 291 of the antennas 28, 29. As such,
isolation between the radiating elements 281, 291 is signifi-
cantly improved. In addition, the greater the radiating
strength of the radiating elements 281, 291, the better the
isolation between the radiating elements 281, 291. It should
also be noted that the location of the isolating unit 27 may be
determined by the radiating strength in various directions of
the antennas 28, 29.
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FIG. 3 illustrates the insertion losses of the antenna device
of this invention. In FIG. 3, lines 31 and 32 indicate the
insertion losses of the antenna device, respectively, with and
without the isolating unit 27.

FIG. 4 illustrates the second preferred embodiment of an
antenna device according to this invention. When compared
to the previous embodiment, the second connecting line 276
(see FIG. 1) of the isolating unit 27 is dispensed with. This
further improves the isolation between the radiating elements
281, 291, but compromises the bandwidth of the radiating
elements 281, 291.

FIG. 5 illustrates the insertion losses of the antenna device
of'this invention. In FIG. 5, lines 51, 52, indicate the insertion
losses of the antenna device, respectively, with and without
the second connecting line 276 of the isolating unit 27.

While the present invention has been described in connec-
tion with what are considered the most practical and preferred
embodiments, it is understood that this invention is not lim-
ited to the disclosed embodiments but is intended to cover
various arrangements included within the spirit and scope of
the broadest interpretation so as to encompass all such modi-
fications and equivalent arrangements.

What is claimed is:

1. An antenna device, comprising:

at least a pair of antennas having substantially the same

operating frequency; and

an isolating unit disposed between said pair of antennas,

and including an LC circuit that has a resonant fre-
quency, which is substantially the same as the operating
frequency of said pair of antennas,
wherein said LC circuit is disposed between said pair of
antennas without forming an electrical connection between
said pair of antennas via said LC circuit, thereby to effect
isolation between said pair of antennas.

2. The antenna device as claimed in claim 1, wherein said
LC circuit of said isolating unit is grounded.

3. The antenna device as claimed in claim 1, further com-
prising a dielectric substrate having opposite first and second
surfaces, each of said antennas including

a radiating element formed on said second surface of said

dielectric substrate, and

a feeding line formed on said second surface of said dielec-

tric substrate and coupled to said radiating element.

4. The antenna device as claimed in claim 3, wherein said
radiating element of at least one of said pair of antennas is a
chip antenna element.

5. The antenna device as claimed in claim 3, wherein said
LC circuit oscillates at the resonant frequency when excited
by said radiating element of each of said pair of antennas.

6. The antenna device as claimed in claim 3, wherein a
location of said isolating unit is determined by a directional
radiating strength of said pair of antennas.

7. The antenna device of claim 1, wherein said LC circuit
includes one of a spiral inductor, a gap capacitor, or a lumped
inductor.

8. The antenna device of claim 7, wherein said LC circuit
comprises:

a spiral inductor; and

a gap capacitor,
wherein the spiral inductor and the gap capacitor each com-
prise a first terminal and a second terminal, and

This PDF of U.S. Utility Patent 8004473 provided by Patent Fetcher™, a product of
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wherein the isolation unit further includes a single connecting
line connected to the second terminal of the spiral inductor
and the second terminal of the gap capacitor.

9. An antenna device comprising:

at least a pair of antennas having substantially the same

operating frequency;

an isolating unit disposed between said pair of antennas,

and including an LC circuit that has a resonant fre-
quency, which is substantially the same as the operating
frequency of said antennas, wherein said LC circuit of
said isolating unit is grounded; and

a dielectric substrate having opposite first and second sur-

faces,
wherein each of the pair of antennas comprises

a radiating element formed on said second surface of said

dielectric substrate and

a feeding line formed on said second surface of said dielec-

tric substrate and coupled to said radiating element, and
wherein said LC circuit of said isolating unit is formed on said
first surface of said dielectric substrate.

10. The antenna device as claimed in claim 9, further com-
prising a grounding element formed on said first surface of
said dielectric substrate, said L.C circuit of said isolating unit
being connected to said grounding element.

11. The antenna device as claimed in claim 9, wherein said
LC circuit is printed on said first surface of said dielectric
substrate.

12. The antenna device of claim 9, wherein said LC circuit
oscillates at the resonant frequency when excited by said
radiating element of each of said pair of antennas.

13. The antenna of claim 9, wherein a location of said
isolating unit is determined by a directional radiating strength
of said pair of antennas.

14. An antenna device comprising:

at least a pair of antennas having substantially the same

operating frequency;

an isolating unit disposed between said pair of antennas,

and including an LC circuit that has a resonant fre-
quency, which is substantially the same as the operating
frequency of said antennas, wherein said LC circuit of
said isolating unit is grounded; and

a dielectric substrate having opposite first and second sur-

faces,
wherein each of the pair of antennas comprises a radiating
element formed on said second surface of said dielectric
substrate and

a feeding line formed on said second surface of said dielec-

tric substrate and coupled to said radiating element, and
wherein said radiating element of each of said antennas is
printed on said second surface of said dielectric substrate.

15. The antenna device of claim 14, wherein said LC circuit
oscillates at the resonant frequency when excited by said
0 radiating element of each of said pair of antennas.

16. The antenna of claim 14, wherein a location of said
isolating unit is determined by a directional radiating strength
of said pair of antennas.

17. An antenna device, comprising:

at least a pair of antennas having substantially the same

gperating frequency; and
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an isolating unit disposed between said pair of antennas,
and including an LC circuit that has a resonant fre-
quency, which is substantially the same as the operating
frequency of said antennas,
wherein said L.C circuit includes one of a spiral inductor, a
gap capacitor, or a lumped inductor.
18. The antenna device as claimed in claim 17, wherein
said L.C circuit comprises:
a spiral inductor; and
a gap capacitor, wherein the spiral inductor and the gap
capacitor each comprise a first terminal and a second
terminal, and

6

wherein the isolation unit further includes a first connecting
line connected to the second terminal of the spiral inductor
and the second terminal of the gap capacitor.

19. The antenna device of claim 18, wherein the isolation
unit further comprises a second connecting line interconnect-
ing a junction of the first terminal of the spiral inductor and
the gap capacitor.

20. The antenna device of claim 18, wherein said first
connecting line is the only connecting line of the isolation
unit.
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ANTENNA, COMPONENT AND METHODS

PRIORITY AND RELATED APPLICATIONS

This application is a continuation of, and claims priority to,
U.S. patent application Ser. No. 11/648,429 filed Dec. 28,
2006 and entitled “Antenna Component and Methods” which
is a continuation of and claims priority to International PCT
Application No. PCT/FI2005/050247 having an international
filing date of Jun. 28, 2005, which claims priority to Finland
Patent Application No. 20040892 filed Jun. 28, 2004, and also
to Finland Patent Application No. 20041088 filed Aug. 18,
2004, each of the foregoing incorporated herein by reference
in its entirety. This application also claims priority to PCT
Application No. PCT/FI2005/050089 having an international
filing date of Mar. 16, 2005, also incorporated herein by
reference in its entirety.

This application is related to co-owned U.S. patent appli-
cation Ser. No. 11/544,173 filed Oct. 5, 2006 and entitled
“Multi-Band Antenna With a Common Resonant Feed Struc-
ture and Methods” (now U.S. Pat. No. 7,589,678), and co-
owned U.S. patent application Ser. No. 11/603,511 filed Nov.
22, 2006 and entitled “Multiband Antenna Apparatus and
Methods” (now U.S. Pat. No. 7,663,551), each also incorpo-
rated herein by reference in its entirety. This application is
also related to co-owned U.S. patent application Ser. No.
11/648,431 filed Dec. 28, 2006 and entitled “Chip Antenna
Apparatus and Methods” (now U.S. Pat. No. 7,679,565), also
incorporated herein by reference in its entirety.

COPYRIGHT

A portion of the disclosure of this patent document con-
tains material that is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights
whatsoever.

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention relates generally to antennas for radiating
and/or receiving electro-magnetic energy, and specifically in
one aspect to a component, where conductive coatings of a
dielectric substrate function as radiators of an antenna. The
invention also relates to an antenna made by using such a
component.

2. Description of Related Technology

In small-sized radio devices, such as mobile phones, the
antenna or antennas are preferably placed inside the cover of
the device, and naturally the intention is to make them as
small as possible. An internal antenna has usually a planar
structure so that it includes a radiating plane and a ground
plane below it. There is also a variation of the monopole
antenna, in which the ground plane is not below the radiating
plane but farther on the side. In both cases, the size of the
antenna can be reduced by manufacturing the radiating plane
on the surface of a dielectric chip instead of making it air
insulated. The higher the dielectricity of the material, the
smaller the physical size of an antenna element of a certain
electric size. The antenna component becomes a chip to be
mounted on a circuit board. However, such a reduction of the
size of the antenna entails the increase of losses and thus a
deterioration of efficienc
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FIG. 1 shows an antenna component known from the pub-
lications EP 1 162 688 and U.S. Pat. No. 6,323,811, in which
component there are two radiating elements side by side on
the upper surface of the dielectric substrate 110. The first
element 120 is connected by the feed conductor 141 to the
feeding source, and the second element 130, which is a para-
sitic element, by a ground conductor 143 to the ground. The
resonance frequencies of the elements can be arranged to be
a little different in order to widen the band. The feed conduc-
tor and the ground conductor are on a lateral surface of the
dielectric substrate. On the same lateral surface, there is a
matching conductor 142 branching from the feed conductor
141, which matching conductor is connected to the ground at
one end. The matching conductor extends so close to the
ground conductor 143 of the parasitic element that there is a
significant coupling between them. The parasitic element 130
is electromagnetically fed through this coupling. The feed
conductor, the matching conductor and the ground conductor
of the parasitic element together form a feed circuit; the
optimum matching and gain for the antenna can then be found
by shaping the strip conductors of the feed circuit. Between
the radiating elements, there is a slot 150 running diagonally
across the upper surface of the substrate, and at the open ends
of the elements, i.e. at the opposite ends as viewed from the
feeding side, there are extensions reaching to the lateral sur-
face of the substrate. By means of such design, as well by the
structure of the feed circuit, it is aimed to arrange the currents
of'the elements to be orthogonal so that the resonances of the
elements would not weaken each other.

A drawback of the above described antenna structure is that
in spite of the optimization of the feed circuit, waveforms that
increase the losses and are useless with regard to the radiation
are created in the dielectric substrate. The efficiency of the
antenna is thus not satisfactory. In addition, the antenna
leaves room for improvement if a relatively even radiation
pattern, or omnidirectional radiation, is required.

SUMMARY OF THE INVENTION

The present invention addresses the foregoing needs by
disclosing antenna component apparatus and methods.

In a first aspect of the invention, an antenna is disclosed. In
one embodiment, the antenna comprises: a dielectric sub-
strate comprising a plurality of surfaces, a first antenna ele-
ment disposed at least partially on a first surface of the sub-
strate and at least partially on a second surface of the
substrate, the first antenna element adapted to be coupled to a
feed structure at a first location and to a ground plane at a
second location, and a second antenna element disposed at
least partially on a third surface of the substrate, the third
surface substantially opposing the first surface, and at least
partially on the second surface. In one variant, the second
antenna element is adapted to couple to the ground plane at
least at a third location, and the apparatus further comprises
an electromagnetic coupling element disposed substantially
between the first element and the second element, and con-
figured to electromagnetically couple the second antenna to
the first antenna element so as to form a resonant structure
between the first antenna element, the second antenna ele-
ment, the dielectric substrate, and the ground plane.

In another variant, the second antenna element is adapted
to be coupled to the ground plane at a fourth location, the third
location and the second location are positioned distally rela-
tive to the electromagnetic coupling element, the first and the
second location are disposed proximate an edge of the first
surface. The third location is disposed proximate an edge of
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In a further variant, the electromagnetic coupling element
comprises a linear slot disposed on the second surface and the
substrate comprises a substantially rectangular shape. The
linear slot is disposed substantially diagonally on the second
surface running from one corner of the rectangle to an oppos-
ing corner of the rectangle.

In yet another variant, the feed structure coupled to the first
antenna element comprises a conductive material asymmetri-
cally coupled proximate a first corner of the dielectric sub-
strate so as to effect a substantially omni-directional radiation
pattern within at least a first frequency range. The ground
plane is disposed a first predetermined distance away from the
dielectric substrate along at least a portion of a fourth surface
of the dielectric substrate, and the ground plane is further
disposed a second predetermined distance away from the
dielectric substrate along at least a portion of a fifth surface of
the dielectric substrate, the fifth surface substantially oppos-
ing the fourth surface.

In another embodiment, the antenna comprises a dielectric
means comprising a plurality of surfaces, a first antenna ele-
ment disposed at least partially on a first surface of the dielec-
tric means and at least partially on a second surface of the
dielectric means, the first antenna element adapted to be
coupled to a feed means at a first location and to a ground
means at a second location, a second antenna element dis-
posed at least partially on a third surface of the dielectric
means, the third surface substantially opposing first surface,
and at least partially on the second surface. The second
antenna element is adapted to couple to the ground means at
least at a third location, and means for electromagnetic cou-
pling electrically disposed substantially between the first ele-
ment and the second element, and configured to electromag-
netically couple the second antenna to the first antenna
element so as to form a resonant structure between the first
antenna element, the second antenna element, the dielectric
means, and the ground means.

In a second aspect of the invention, a radio frequency
device adapted for wireless communications is disclosed. In
one embodiment, the radio frequency device comprises a
printed circuit board comprising a ground plane and an
antenna assembly for enabling at least a portion of the wire-
less communications.

In one variant, the antenna assembly comprises: a dielec-
tric substrate comprising a plurality of surfaces, a first
antenna element disposed at least partially on a first surface of
the substrate and at least partially on a second surface of the
substrate, the first antenna element coupled to the ground
plane ata second location, a second antenna element disposed
at least partially on a third surface of the substrate, the third
surface located substantially opposing the first surface, and at
least partially on the second surface, the second antenna ele-
ment coupled to the ground plane at least at a third location, an
electromagnetic coupling element disposed at least partly
between the first antenna element and the second antenna
element. The assembly further comprises a feed structure
galvanically coupled to the first antenna element at a first
location and coupled to the second antenna element through
the electromagnetic coupling element so as to form a resonant
structure between the first antenna element, the second
antenna element, the dielectric substrate, and a ground plane.
The ground plane is arranged a first predetermined distance
away from the first antenna element and the second antenna
element along at least a portion of a fourth surface of the
dielectric substrate.

In another variant, the ground plane is further arranged a
second predetermined distance away from the first antenna
element and the second antenna element along at least a
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portion of the first surface and along at least a portion of the
third surface of the dielectric substrate.

In yet another variant, the ground plane is arranged a third
predetermined distance away from the first antenna element
and the second antenna element along at least a portion of a
fifth surface of the dielectric substrate, the fifth surface sub-
stantially opposing the fourth surface.

In still another variant, the electromagnetic coupling ele-
ment comprises a substantially linear slot disposed substan-
tially diagonally on the second surface, such that the third
location and the second location are positioned distally rela-
tive to the slot.

In yet another variant, the radio frequency device com-
prises a mobile phone, and the printed circuit board is dis-
posed within an exterior cover of the phone. A resonance of
the resonant structure is formed at a frequency of approxi-
mately 2.4 GHz and the antenna component is approximately
2 mmx2 mmx7 mm in size.

In a further variant, a resonance of the resonant structure is
formed at a frequency of approximately 1575 MHz and the
dielectric substrate is approximately 2 mmx3 mmx10 mm in
size.

In athird aspect of the invention, an antenna is disclosed. In
one embodiment, the antenna comprises: a dielectric means
comprising a plurality of surfaces; a first antenna element; a
second antenna element; and means for electromagnetic cou-
pling electrically disposed substantially between the first ele-
ment and the second element.

In one variant, the first element is disposed at least partially
on a first surface of the dielectric means and at least partially
on a second surface of the dielectric means, and the first
antenna element is adapted to be coupled to a feed means at a
first location and to a ground means at a second location.

In another variant, the second element is disposed at least
partially on a third surface of the dielectric means, the third
surface substantially opposing first surface, and at least par-
tially on the second surface, and the second antenna element
is adapted to couple to the ground means at least at a third
location.

In yet another variant, the means for electromagnetic cou-
pling is configured to electromagnetically couple the second
antenna to the first antenna element so as to form a resonant
structure between the first antenna element, the second
antenna element, the dielectric means, and the ground means.

In another embodiment, the antenna component is pro-
duced by the method comprising using of a semiconductor
technique; i.e., by growing a metal layer on the surface of the
substrate (e.g. quartz substrate), and removing a part of it so
that the elements remain.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described in more
detail. Reference will be made to the accompanying draw-
ings, in which:

FIG. 1 presents an example of a prior art antenna compo-
nent;

FIG. 2 presents an example of an antenna component and
an antenna according to the invention;

FIGS. 3a-d present examples of a shaping the slot between
the antenna elements in the antenna component according to
the invention;

FIG. 4 presents a part of a circuit board belonging to the
antenna of FIG. 2 from the reverse side;

FIGS. 5a and 55 present an example of an antenna com-
ponent according to the invention;
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FIG. 6 presents an application of an antenna component
according to the invention;

FIG. 7 presents an example of the directional characteris-
tics of an antenna according to the invention, placed in a
mobile phone;

FIG. 8 shows an example of the matching of an antenna
according to the invention;

FIG. 9 shows an example of the influence of the shape of
the slot between the antenna elements on the location of an
antenna operating band; and

FIG. 10 presents an example of the efficiency of an antenna
according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference is now made to the drawings wherein like
numerals refer to like parts throughout.

As used herein, the terms “wireless”, “radio” and “radio
frequency” refer without limitation to any wireless signal,
data, communication, or other interface or radiating compo-
nent including without limitation Wi-Fi, Bluetooth, 3G
(3GPP/3GPPS), HSDPA/HSUPA, TDMA, CDMA (e.g.,
1S-95A, WCDMA, etc.), FHSS, DSSS, GSM, UMTS, PAN/
802.15, WiMAX (802.16), 802.20, narrowband/FDMA,
OFDM, PCS/DCS, analog cellular, CDPD, satellite systems,
millimeter wave, or microwave systems.

Additionally, it will be appreciated that as used herein, the
qualifiers “upper” and “lower” refer to the relative position of
the antenna shown in FIGS. 2 and 54, and have nothing to do
with the position in which the devices are used, and in no way
are limiting, but rather merely for convenient reference.
Overview

In one salient aspect, the present invention comprises an
antenna component (and antenna Formed therefrom) which
overcomes the aforementioned deficiencies of the prior art.

Specifically, one embodiment of the invention comprises a
plurality (e.g., two) radiating antenna elements on the surface
of a dielectric substrate chip. Each of them substantially
covers one of the opposing heads, and part of the upper
surface of the chip. In the middle of the upper surface between
the elements is formed a narrow slot. The lower edge of one of
the antenna elements is galvanically coupled to the antenna
feed conductor on the circuit board, and at another point to the
ground plane, while the lower edge of the opposite antenna
element, or the parasitic element, is galvanically coupled only
to the ground plane. The parasitic element obtains its feed
through the electromagnetic coupling over the slot, and both
elements resonate with substantially equally strength at the
designated operating frequency.

In one embodiment, the aforementioned component is
manufactured by a semiconductor technique; e.g., by grow-
ing a metal layer on the surface of quartz or other type of
substrate, and removing a part of it so that the elements
remain.

The antenna component disclosed herein has as one
marked advantage a very small size. This is due primarily to
the high dielectricity of the substrate used, and that the slot
between the antenna elements is comparatively narrow. Also,
the latter fact makes the “electric” size of the elements larger.

In addition, the invention has the advantage that the effi-
ciency of an antenna made using such a component is high, in
spite of the use of the dielectric substrate. This is due to the
comparatively simple structure of the antenna, which pro-
duces an uncomplicated current distribution in the antenna
elements, and correspondingly a simple field image in the
substrate without “superfluous” waveforms.
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Moreover, the invention has an excellent omnidirectional
radiation profile, which is largely due to the symmetrical
structure, shaping of the ground plane, and the nature of the
coupling between the elements.

A still further advantage of the invention is that both the
tuning and the matching of an antenna can be carried out
without discrete components; i.e., just by shaping the con-
ductor pattern of the circuit board near the antenna compo-
nent.

Description of Exemplary Embodiments

Detailed discussions of various exemplary embodiments
of the invention are now provided. It will be recognized that
while described in terms of particular applications (e.g.,
mobile devices including for example cellular telephones),
materials, components, and operating parameters (e.g., fre-
quency bands), the various aspects of the invention may be
practiced with respect to literally any wireless or radio fre-
quency application.

FIG. 2 shows an example of an antenna component and a
whole antenna according to the invention. The antenna com-
ponent 201 comprises a dielectric substrate and plurality (two
in this embodiment, although other numbers are possible)
antenna elements on its surface, one of which has been con-
nected to the feed conductor of the antenna, and the other
which is an electromagnetically fed parasitic element, some-
what akin to that of the antenna of FIG. 1. However, there are
several structural and functional differences between those
antenna components. In the antenna component according to
the present invention, among other things, the slot separating
the antenna elements is between the open ends of the elements
and not between the lateral edges.

Moreover, the parasitic element gets its feed through the
coupling prevailing over the slot, and not through the cou-
pling between the feed conductor and the ground conductor
of'the parasitic element. The first antenna element 220 of the
antenna component 201 comprises a portion 221 partly cov-
ering the upper surface of an elongated, rectangular substrate
210 and a head portion 222 covering one head of the substrate.
The second radiating element comprises a portion 231 sym-
metrically covering a part of the substrate upper surface and a
head portion 232 covering the opposite head. Each head por-
tion 222 and 232 continues slightly on the side of the lower
surface of the substrate, thus forming the contact surface of
the element for its connection. In the middle of the upper
surface between the elements there remains a slot 260, over
which the elements have an electro-magnetic coupling with
each other. In the illustrated example, the slot 260 extends in
the transverse direction of the substrate perpendicularly from
one lateral surface of the substrate to the other, although this
is by no means a requirement for practicing the invention.

In FIG. 2 the antenna component 201 is located on the
circuit board PCB on its edge and its lower surface against the
circuit board. The antenna feed conductor 240 is a strip con-
ductor on the upper surface of the circuit board, and together
with the ground plane, or the signal ground GND, and the
circuit board material it forms a feed line having a certain
impedance. The feed conductor 240 is galvanically coupled
to the first antenna element 220 at a certain point of its contact
surface. At another point of the contact surface, the first
antenna element is galvanically coupled to the ground plane
GND. At the opposite end of the substrate, the second antenna
element 230 is galvanically coupled at its contact surface to
the ground conductor 250, which is an extension of the wider
ground plane GND. The width and length of the ground
conductor 250 have a direct effect on the electric length of the
second element and thereby on the natural frequency of the
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whole antenna. For this reason, the ground conductor can be
used as a tuning element for the antenna.

The tuning of the antenna of the illustrated embodiment is
also influenced by the shaping of the other parts of the ground
plane, too, and the width d of the slot 260 between the antenna
elements. There is no ground plane under the antenna com-
ponent 201, and on the side of the component the ground
plane s at a certain distance s from it. The longer the distance,
the lower the natural frequency. Also reducing the slot width
d lowers the antenna natural frequency. The distance s has an
effect on the impedance of the antenna also. Therefore, the
antenna can advantageously be matched by finding the opti-
mum distance of the ground plane from the long side of the
component. In addition, removing the ground plane from the
side of the component improves the radiation characteristics
of the antenna, such as its omnidirectional radiation. When
the antenna component is located on the inner area of the
circuit board, the ground plane is removed from its both sides.

Atthe operating frequency, both antenna elements together
with the substrate, each other and the ground plane form a
quarter-wave resonator. Due to the above-described structure,
the open ends of the resonators are facing each other, sepa-
rated by the slot 260, and the electromagnetic coupling is
clearly capacitive. The width of the slot d can be dimensioned
so that the dielectric losses of the substrate are minimized.
One optimum width is, for example, 1.2 mm and a suitable
range of variation 0.8-2.0 mm, for example. When a ceramic
substrate is used, this structure provides a very small size. The
dimensions of a component of an exemplary Bluetooth
antenna operating on the frequency range 2.4 GHz are 2x2x7
mm?®, for example, and those of a component of a GPS (Glo-
bal Positioning System) antenna operating at the frequency of
1575 MHz are 2x3x10 mm?, for example. On the other hand,
the slot width can be made very small, further to reduce the
component size. When the slot becomes narrower, the cou-
pling between the elements strengthens, of course, which
strengthening increases their electric length and thus lowers
the natural frequency of the antenna. This means that a com-
ponent functioning in a certain frequency range has then to be
made smaller than in the case of a wider slot.

FIGS. 3a-d show examples of a shaping the slot between
the antenna elements in the antenna component according to
one embodiment of the invention. The antenna component is
seen from above in each of the four drawings. In FIG. 3a, the
slot 361 between the antenna elements of the antenna com-
ponent 301 travels across the upper surface of the component,
diagonally from the first side of the component to the second
side. In FIG. 35, the slot 362 between the antenna elements of
the antenna component 302 as well travels diagonally across
the upper surface of the component. The slot 362 is even more
diagonal and thus longer than the slot 361, extending from a
corner of the upper surface of the component to the opposite
farthest corner. In addition, the slot 362 is narrower than the
slot 361. Both factors have an affect, as previously explained,
so that the operating band corresponding to the component
302 is located lower down than one corresponding to the
component 301.

InFIG. 3¢, the slot 363 between the antenna elements of the
antenna component 303 has turns. The turns are rectangular
in the illustrated embodiment, and the use of a number of
them (e.g., six in this example) forms a finger-like strip 325 in
the first antenna element, extending between the areas
belonging to the second antenna element. Symmetrically, a
finger-like strip 335 is formed in the second antenna element,
extending between the areas belonging to the first antenna
element. In FIG. 3d the slot 364 between the antenna elements
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of the turns is greater than in the slot 363, so that two finger-
like strips 326 and 327 are formed in the first antenna element,
extending between the areas belonging to the second antenna
element. Between these strips there is a finger-like strip 336 as
an extension of the second antenna element. The strips in the
elements of the component 304 are, besides being greater in
number, also longer than the strips in the elements of the
component 303, and the slot 364 is narrower than the slot 363
also. For these reasons, the operating band corresponding to
the component 304 is located lower down than the operating
band corresponding to the component 303.

When a very narrow slot between the antenna elements is
desired, a semiconductor technique can be applied. In that
case, the substrate is optimally chosen to be some basic mate-
rial (e.g., wafers) used in the manufacturing process of semi-
conductor components, such as quartz, gallium-arsenide or
silicon. A metal layer is grown on the surface of the substrate
e.g. by a sputtering technique, and the layer is removed at the
place of the intended slot by the exposure and etching tech-
nique well known in the manufacture of semiconductor com-
ponents. This approach makes it possible to form a slot having
50 um width, for example.

FIG. 4 shows a part of the circuit board belonging to the
antenna of FIG. 2, as seen from below. The antenna compo-
nent 201 on the other side of the circuit board (e.g., PCB) has
been marked with dashed lines in the drawing. Similarly with
dashed lines are marked the feed conductor 240, the ground
conductor 250 and a ground strip 251 extending under the
component to its contact surface at the end on the side of the
feed conductor. A large part of the lower surface of the circuit
board belongs to the ground plane GND. The ground plane is
missing from a corner of the board in the area A, which
comprises the place of the component and an area extending
to a certain distance s from the component, having a width
which is the same as the length of the chip component.

FIG. 5a shows another example of the antenna component
according to the invention. The component 501 is mainly
similar to the component 201 presented in FIG. 2. The differ-
ence is that now the antenna elements extend to the lateral
surfaces of the substrate 510 at the ends of the component, and
the heads of the substrate are largely uncoated. Thus the first
radiating element 520 comprises a portion 521 partly cover-
ing the upper surface of the substrate, a portion 522 in a corner
of the substrate, and a portion 523 in another corner of the
same end. The portions 522 and 523 in the corners are partly
on the side of the lateral surface of the substrate, and partly on
the side of the head surface. They continue slightly to the
lower surface of the substrate, forming thus the contact sur-
face of the element for its connection. The second antenna
element 530 is similar to the first one and is located symmetri-
cally with respect to it. The portions of the antenna elements
being located in the corners can naturally also be limited only
to the lateral surfaces of the substrate, or only to one of the
lateral surfaces. In the latter case, the conductor coating run-
ning along the lateral surface continues at either end of the
component under it for the whole length of the end.

In FIG. 55, the antenna component 501 of FIG. 5a is seen
from below. The lower surface of the substrate 510 and the
conductor pads serving as the contact surfaces in its corners
are seen in the drawing. One of the conductor pads at the first
end of the substrate is intended to be connected to the antenna
feed conductor of the antenna and the other one to the ground
plane GND. Both of the conductor pads at the second end of
the substrate are intended to be coupled to the ground plane.

FIG. 6 shows an exemplary application of an antenna com-
ponent according to the invention. In the drawing, an elon-

ated antenna comgonent 601 has been placed to the middle
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of one long side of the radio device circuit board PCB, in the
direction of the circuit board. The antenna component is
designed so that when it is fed, an oscillation is excited in the
ground plane GND, the frequency of the oscillation being the
same as the one ofthe feeding signal. In that case, the ground
plane also functions as a useful radiator. A certain area RA
round the antenna component radiates to significant degree.
The antenna structure can comprise also several antenna com-
ponents, as the component 602 drawn with dashed line in the
Figure.

FIG. 7 shows an example of the directional characteristics
of'an antenna according to one embodiment of the invention,
being located in a mobile phone. The antenna has been
designed for the Bluetooth system, although it will be recog-
nized that the invention may be used in other wireless appli-
cations. There are three directional patterns in the Figure: (i)
the directional pattern 71 presents the antenna gain on plane
XZ, (i) the directional pattern 72 on plane YZ, and (iii) the
directional pattern 73 on plane XY; wherein the X axis is the
longitudinal direction of the chip component, theY axis is the
vertical direction of the chip component, and the Z axis is the
transverse direction of the chip component. It is seen from the
patterns that the antenna transmits and receives well on all
planes and in all directions. On the plane XY in particular, the
pattern is especially even. The two others only have a recess
of 10 dB in a sector about 45 degrees wide. The completely
“dark” sectors typical in directional patterns do not exist at
all.

FIG. 8 shows an example of the matching of an antenna
according to the invention. It presents a curve of the reflection
coefficient S11 as a function of frequency. The curve of FIG.
8 has been measured from the same Bluetooth antenna as the
patterns of FIG. 7. If the criterion for the cut-off frequency
used is the value -6 dB of the reflection coefficient, the
bandwidth becomes about 50 MHz, which is about 2% as a
relative value. In the center of the operating band, at the
frequency of 2440 MHz, the reflection coefficient is =17 dB,
which indicates good matching. The Smith diagram shows
that in the center of the band, the impedance of the antenna is
purely resistive, slightly inductive below the center fre-
quency, and slightly capacitive above the center frequency,
respectively.

FIG. 9 shows an example of the influence of the shape of
the slot between the antenna elements on the location of an
antenna operating band. The curve 91 shows the fluctuation of
the reflection coefficient S11 as a function of frequency of an
antenna comprising the antenna component, which has the
size 10x3x4 mm> and a perpendicular slot between the
antenna elements. The resonance frequency of the antenna,
which is approximately the center frequency of the operating
band, falls on the paint at 1725 MHz.

The curve 92 shows the fluctuation of the reflection coef-
ficient, when slot between the antenna elements is diagonal
according to FIG. 354. In other respects, the antenna is similar
to that in the previous case. Now the resonance frequency of
the antenna falls on the point 1575 MHz, the operating band
thus being located 150 MHz lower than in the previous case.
The exemplary frequency of 1575 MHz is used by the GPS
(Global Positioning System). Using a diagonal slot, not much
lower frequency can be achieved by the antenna in question,
in practice.

The curve 93 shows the fluctuation of the reflection coef-
ficient, when slot between the antenna elements is devious
according to FIG. 3d and some narrower than in two previous
cases. In other respects the antenna is similar. The antenna
operating band is now located nearly half lower down than in

the case corresponding to the curve 91. The resonance fre-
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10
quency falls on the point 880 MHz, which is in the range used
by the EGSM-system (Extended GSM).

Inthethree cases of FIG. 9, a ceram having a value of 20 for
the relative dielectric constant €,. is used in the antenna. If a
ceram having higher €,-value will be used, the band of an
antenna with a diagonal slot can be placed, e.g. in the range of
900 MHz, without making the antenna bigger. However, the
electric characteristics of the antenna would then be some-
what reduced.

FIG. 10 shows the efficiency of an exemplary antenna
according to the invention. The efficiency has been measured
from the same Bluetooth antenna as the patterns of FIGS. 7
and 8. At the center of the operating band of the antenna the
efficiency is about 0.44, and decreases from that to the value
of'about 0.3 when moving 25 MHz to the side from the center
of'theband. The efficiency is considerably high for an antenna
using a dielectric substrate.

While the above detailed description has shown, described,
and pointed out novel features of the invention as applied to
various embodiments, it will be understood that various omis-
sions, substitutions, and changes in the form and details of the
device or process illustrated may be made by those skilled in
the art without departing from the invention. The foregoing
description is of the best mode presently contemplated of
carrying out the invention. This description is in no way
meant to be limiting, but rather should be taken as illustrative
of the general principles of the invention. The scope of the
invention should be determined with reference to the claims.

What is claimed is:

1. An antenna comprising:

a dielectric substrate comprising a plurality of surfaces;

a first antenna element disposed at least partially on a first
surface of'said substrate and at least partially on a second
surface of said substrate, the first antenna element
adapted to be coupled to a feed structure at a first loca-
tion and to a ground plane at a second location;

a second antenna element disposed at least partially on a
third surface of said substrate, the third surface substan-
tially opposing the first surface, and at least partially on
the second surface, the second antenna element adapted
to couple to the ground plane at least at a third location;
and

an electromagnetic coupling element disposed substan-
tially between the first element and the second element,
and configured to electromagnetically couple the second
antenna to the first antenna element so as to form a
resonant structure between the first antenna element, the
second antenna element, the dielectric substrate, and the
ground plane.

2. The antenna of claim 1, wherein the second antenna
element is further adapted to be coupled to the ground plane
at a fourth location.

3. The antenna of claim 1, wherein the third location and
the second location are positioned distally relative to the
electromagnetic coupling element.

4. The antenna of claim 3, wherein the first and the second
location are disposed proximate an edge of the first surface,
and the third location is disposed proximate an edge of the
third surface.

5. The antenna of claim 1, wherein the electromagnetic
coupling element comprises a linear slot disposed on the
second surface.

6. The antenna of claim 5, wherein the substrate comprises
a substantially rectangular shape, and said linear slot is dis-
posed substantially diagonally on the second surface running
from one corner of said rectangle to an opposing corner of
said rectangle.

.S. Utility Patent 8004470 provided by Patent Fetcher™, a product of Stroke of Color, Inc. - Page 13 of 14
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7. The antenna of claim 1, wherein the feed structure
coupled to the first antenna element comprises a conductive
material asymmetrically coupled proximate a first corner of
the dielectric substrate so as to effect a substantially omni-
directional radiation pattern within at least a first frequency
range.

8. The antenna apparatus of claim 1, wherein the ground
plane is disposed a first predetermined distance away from the
dielectric substrate along at least a portion of a fourth surface
of the dielectric substrate.

9. The antenna apparatus of claim 8, wherein the ground
plane is further disposed a second predetermined distance
away from the dielectric substrate along at least a portion of a
fifth surface of the dielectric substrate, said fifth surface sub-
stantially opposing said fourth surface.

10. The antenna apparatus of claim 8, wherein the ground
plane is further disposed a third predetermined distance away
from the dielectric substrate along at least a portion of the first
surface and along at least a portion of the third surface.

11. A radio frequency device adapted for wireless commu-
nications, the radio frequency device comprising:

a printed circuit board comprising a ground plane and an
antenna assembly for enabling at least a portion of the
wireless communications, the antenna assembly com-
prising:

a dielectric substrate comprising a plurality of surfaces;

a first antenna element disposed at least partially on a
first surface of said substrate and at least partially on
a second surface of said substrate, the first antenna
element coupled to the ground plane at a second loca-
tion;

a second antenna element disposed at least partially on a
third surface of said substrate, the third surface
located substantially opposing the first surface, and at
least partially on the second surface, the second
antenna element coupled to the ground plane at least
at a third location;

an electromagnetic coupling element disposed at least
partly between the first antenna element and the sec-
ond antenna element; and

a feed structure galvanically coupled to the first antenna
element at a first location and coupled to the second
antenna element through the electromagnetic cou-
pling element so as to form a resonant structure
between the first antenna element, the second antenna
element, the dielectric substrate, and a ground plane;

wherein the ground plane is arranged a first predetermined
distance away from the first antenna element and the

second antenna element along at least a portion of a

fourth surface of the dielectric substrate.

12. The radio frequency device of claim 11, wherein the
ground plane is further arranged a second predetermined
distance away from the first antenna element and the second
antenna element along at least a portion of the first surface and
along at least a portion of the third surface of said dielectric
substrate.
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13. The radio frequency device of claim 11, wherein the
ground plane is arranged a third predetermined distance away
from the first antenna element and the second antenna ele-
ment along at least a portion of a fifth surface of said dielectric
substrate, the fifth surface substantially opposing the fourth
surface.

14. The radio frequency device of claim 11, wherein said
dielectric substrate is positioned proximate an edge of the
ground plane.

15. The radio frequency device of claim 11, wherein the
second antenna element coupled to the ground plane at a
fourth location.

16. The radio frequency device of claim 11, wherein the
electromagnetic coupling element comprises a substantially
linear slot disposed substantially diagonally on the second
surface.

17. The radio frequency device of claim 16, wherein the
third location and the second location are positioned distally
relative to the slot.

18. The radio frequency device of claim 11, wherein radio
frequency device comprises a mobile phone, and the printed
circuit board is disposed within an exterior cover of the
phone.

19. The radio frequency device of claim 11, wherein a
resonance of the resonant structure is formed at a frequency of
approximately 2.4 GHz.

20. The radio frequency device of claim 19, wherein the
antenna component is approximately 2 mmx2 mmx7 mm in
size.

21. The radio frequency device of claim 11, wherein a
resonance of the resonant structure is formed at a frequency of
approximately 1575 MHz.

22. The radio frequency device of claim 21, wherein the
dielectric substrate is approximately 2 mmx3 mmx10 mm in
size.

23. An antenna comprising:

a dielectric means comprising a plurality of surfaces;

a first antenna element disposed at least partially on a first

surface of said dielectric means and at least partially on
a second surface of said dielectric means, the first
antenna element adapted to be coupled to a feed means
at a first location and to a ground means at a second
location;

a second antenna element disposed at least partially on a
third surface of said dielectric means, the third surface
substantially opposing first surface, and at least partially
on the second surface, the second antenna element
adapted to couple to the ground means at least at a third
location; and

means for electromagnetic coupling electrically disposed
substantially between the first element and the second
element, and configured to electromagnetically couple
the second antenna to the first antenna element so as to
form a resonant structure between the first antenna ele-
ment, the second antenna element, the dielectric means,
and the ground means.

#* #* #* #* #*
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FIG. 10
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MULTI-BAND ANTENNA AND MULTI-BAND
ANTENNA SYSTEM WITH ENHANCED
ISOLATION CHARACTERISTIC

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(a) of a Korean Patent Application No. 10-2007-0096985,
filed on Sep. 21, 2007, in the Korean Intellectual Property
Office, the disclosure of which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

The following description relates to a Multi-Band antenna
and a Multi-Band antenna system, and more particularly, to a
Multi-Band antenna in which a plurality of radiators have a
symmetrical arrangement centered on a ground plate and a
Multi-Band antenna system using the Multi-Band antenna.

BACKGROUND

Generally, antennas are devices which convert electric sig-
nals into electromagnetic waves and radiate the electromag-
netic waves through air and vice versa. Patterns of effective
areas onto or from which antennas can radiate or sense elec-
tromagnetic waves are generally referred to as radiation pat-
terns.

In recent years, antennas having a very wide frequency
band comprising a plurality of service bands or multi-band
antennas operated in double or multiple frequency bands have
been developed.

A plurality of antennas in a Multi-Band antenna are dis-
posed on one side of a ground plate, causing interference to
occur between the antennas. Thus, radiation patterns may be
distorted or antenna elements may be combined with one
another.

In a Multi-Band antenna system employing a monopole
antenna, a radiation strip is folded a plurality of times so that
the monopole antenna may be operated in multiple frequency
bands.

As the number of folds of the radiation strip increases, the
system may become complicated and the size of the antenna
may increases. Accordingly, there is a need to efficiently
arrange antennas in a Multi-Band antenna system, so that the
antennas may be operated in multiple frequency bands, inter-
ference between antennas may be reduced, and the antennas
may be fabricated to be small in size.

SUMMARY

In one general aspect, there is provided a Multi-Band
antenna and a Multi-Band antenna system using the Multi-
Band antenna in which a plurality of radiators have a sym-
metrical arrangement centered on a ground plate of the Multi-
Band antenna.

In another general aspect, a Multi-Band antenna includes a
ground plate; and a plurality of radiators which are formed on
both sides of the ground plate in directions perpendicular to a
surface of the ground plate in a space at an edge of the ground
plate, each radiator being connected to the edge of the ground
plate.

The radiators may be disposed such that electromagnetic
waves radiated from the radiators are orthogonally polarized.

Each of the plurality of radiators may comprise a radiation
plate disposed parallel to a surface of the ground plate; a
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radiation strip disposed on one side of the radiation plate so
that a gap at regular intervals is formed between the radiation
strip and the radiation plate; and a line connector which
extends from the edge of the ground plate in a direction
perpendicular to the surface of the ground plate, and is con-
nected to the radiation strip.

Each of the plurality of radiators may further comprise a
connector which is disposed in the gap between the radiation
plate and the radiation strip and connects the radiation plate to
the radiation strip.

The radiation plate may have a polygonal shape. The radia-
tion strip may be disposed along each side of the radiation
plate and may be folded at vertices of the radiation plate to
form a gap between the radiation plate and the radiation strip.

The radiation strip may be inclined at approximately 45° to
a plane perpendicular to the edge of the ground plate.

The radiation plates of the plurality of radiators may not
face each other.

In still another general aspect, an antenna includes a
ground unit and a first radiator formed on the ground unit, a
second radiator formed on the ground unit having a radiation
plate disposed parallel to a surface of the ground unit and a
radiation strip disposed on a side of the radiation plate. The
second radiator may further comprise a line connector which
extends from an edge of the ground plate in a direction per-
pendicular to the surface of the ground plate, and is connected
to the radiation strip. The first and second radiators may be of
different size.

In a further general aspect, a Multi-Band antenna system
includes an antenna which resonates in a plurality of fre-
quency bands, the antenna comprising a plurality of radiators;
and a controller which drives the antenna. The plurality of
radiators may be formed on both sides of a ground plate in
directions perpendicular to a surface of the ground plate in a
space at an edge of the ground plate, and each radiator may be
connected to the edge of the ground plate.

The controller may control an electric current applied to
the plurality of radiators to flow in opposite directions.

Each of the plurality of radiators may comprise a radiation
plate disposed in parallel to a surface of the ground plate; a
radiation strip disposed on one side of the radiation plate so
that a gap is formed at regular intervals between the radiation
strip and the radiation plate; a line connector which extends
from the edge of the ground plate in a direction perpendicular
to the surface of the ground plate, and is connected to the
radiation strip; and a connector which is disposed in the gap
between the radiation plate and the radiation strip.

According to a control of the controller, the antenna may be
caused to resonate in a first frequency band by the radiation
strip and the radiation plate, to resonate in a second frequency
band by the radiation plate, and to resonate in a third fre-
quency band by coupling produced in the gap between the
radiation plate and the radiation strip.

According to a control of the controller, the plurality of
radiators may be caused to alternately resonate.

Other features will become apparent to those skilled in the
art from the following detailed description, which, taken in
conjunction with the attached drawings, discloses exemplary
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an exemplary Multi-
Band antenna system.

FIG. 2 is a first plane view of the exemplary Multi-Band
antenna shown in FIG. 1.





US 8,009,102 B2

3

FIG. 3 is a second plane view of the Multi-Band antenna
shown in FIG. 1.

FIG. 4 is a configuration diagram illustrating an exemplary
first radiator shown in FIG. 3.

FIG. 51s a graph illustrating a return loss in the first radiator
shown in FIG. 4.

FIG. 6 is a configuration diagram illustrating an exemplary
second radiator shown in FIG. 3.

FIG. 7 is a graph illustrating a return loss in the second
radiator shown in FIG. 6.

FIG. 8 is a graph illustrating a return loss in a conventional
Multi-Band antenna comprising a plurality of radiators
arrayed on one side of a ground plate.

FIG. 9 is a graph illustrating a return loss in a Multi-Band
antenna according to an exemplary embodiment.

FIG. 10 is a graph illustrating a return loss in a Multi-Band
antenna in a first arrangement according to an exemplary
embodiment.

FIG. 11 is a graph illustrating a return loss in a Multi-Band
antenna in a second arrangement according to another exem-
plary embodiment.

FIG. 12 is a graph illustrating a return loss in an antenna
according to an exemplary embodiment.

FIGS.13At013C are graphs illustrating a beam patterns of
an antenna in a bandwidth according to an exemplary
embodiment.

Throughout the drawings and the detailed description, the
same drawing reference numerals will be understood to refer
to the same elements, features, and structures.

DETAILED DESCRIPTION

The following detailed description is provided to assist the
reader in gaining a comprehensive understanding of the meth-
ods and systems described herein. According, various
changes, modifications, and equivalents of the systems and
methods described herein will be suggested to those of ordi-
nary skill inthe art. Also, description of well-known functions
and constructions are omitted to increase clarity and concise-
ness.

FIG. 1 illustrates an exemplary Multi-Band antenna sys-
tem. As illustrated FIG. 1, the Multi-Band antenna system
100 comprises an antenna 110 and a controller 120.

The antenna 110 may comprise a plurality of radiators, and
resonates in a plurality of frequency bands. Each of the plu-
rality of radiators may be a monopole antenna. An exemplary
configuration of the antenna 110 will be described in detail
with reference to FIGS. 2 and 3.

FIG. 2 illustrates the antenna 110 of FIG. 1. As shown in
FIG. 2, the antenna 110 is configured in such a manner that a
first radiator 20 is connected to a second radiator 30 via a
ground plate 10.

The first radiator 20 and the second radiator 30 may be
formed on respective sides of the ground plate 10 in directions
perpendicular to a surface of the ground plate 10, that is, in a
ZY plane of the ground plate 10, in a space at an edge of the
ground plate 10. Here, the first radiator 20 and the second
radiator 30 may be connected to the edge of the ground plate
10.

The first radiator 20 comprises a first radiation plate 21, a
first radiation strip 22, a first connector 23, and a first line
connector 24. The second radiator 30 comprises a second
radiation plate 31, a second radiation strip 32, a second con-
nector 33, and a second line connector 34.

The first radiation plate 21 is disposed in parallel to a
surface of the ground plate 10, that is, in parallel to a XY plane
of'the ground plate 10. The first radiation strip 22 is disposed
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at one side of the first radiation plate 21 so that gaps may be
formed at regular intervals between the first radiation plate 21
and the first radiation strip 22. The first connector 23 is
disposed in the gap between the first radiation plate 21 and the
first radiation strip 22, and may connect the first radiation
plate 21 to the first radiation strip 22.

The first radiation strip 22 may be connected to one side of
the edge ofthe ground plate 10 through the first line connector
24. Here, the first line connector 24 may extend from the edge
of'the ground plate 10 in a direction perpendicular to a surface
of'the ground plate 10, that is, perpendicular to the XY plane
of the ground plate 10, and may be connected to the first
radiation strip 22. The second radiator 30 may be configured
in the same manner as the first radiator 20.

The radiation plates 21 and 31 may have a substantially
polygonal shape. The radiation strips 22 and 32 may be dis-
posed along each side of the respective radiation plates 21 and
31, and may be bent at vertices of the radiation plates 21 and
31. A gap may be formed between each of the first and second
radiation plates 21 and 22 and the respective radiation strips
22 and 32.

FIG. 3 illustrates another view of the Multi-Band antenna
110 of FIG. 1. As illustrated in FIG. 3, the first radiator 20 and
the second radiator 30 have a symmetrical arrangement cen-
tered on the ground plate 10. Additionally, the first radiation
plate 21 and the second radiation plate 31 do not face each
other, so each of the radiators 20 and 30 may individually
operate to increase resonance and prevent pattern distortion.

With reference to FIG. 1, the controller 120 may apply an
electric current to the first radiator 20 and the second radiator
30 to control electromagnetic waves to be radiated at a pre-
determined resonant frequency. The controller 120 may apply
the electric current to the first radiator 20 and the second
radiator 30 so that the electric current flows therefrom in
opposite directions.

The electric current applied to the first radiator 20 may flow
sequentially in the order of the first line connector 24, first
radiation strip 22, first connector 23, and first radiation plate
21. The electric current applied to the second radiator 30 may
flow sequentially in the order of the second line connector 34,
second radiation strip 32, second connector 33, and second
radiation plate 31.

The first radiation strip 22 and the second radiation strip 32
may be disposed such that the electric current applied to the
first radiation strip 22 and the electric current applied to the
second radiation strip 32 may flow in orthogonal directions,
that is, such that the electromagnetic waves radiated from
each radiator may be orthogonally polarized. Accordingly, it
is possible to increase isolation between the first radiator 20
and the second radiator 30.

FIG. 4 illustrates an exemplary first radiator 20 shown in
FIG. 3. In FIG. 4, Gap A, Gap B and Gap C may be formed
between the first radiation plate 21 and the first radiation strip
22. Here, widths of the gaps may be tuned to a specific
frequency.

Gap B, which is formed between the first radiation plate 21
and an inclined portion of the first radiation strip 22, may have
a width equal to Gap C, which is determined according to a
width of the first connector 23. Gap A, which is formed
between the first radiation plate 21 and a portion of the first
radiation strip 22 which faces the first radiation plate 21, may
have a width less than Gap B or Gap C.

Where the width of Gap A in the first radiator 20 shown in
FIG. 4 becomes narrower, the resonant frequency band may
become wider, and it is possible to accurately tune to a reso-
nance point.
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The controller 120 may feed a high frequency signal to the
first radiator 20, and control the electromagnetic waves to be
radiated at a certain frequency. Where the controller 120
applies the electric current to the first radiator 20, the first
radiator 20 may resonate in a certain frequency band based on
lengths of the first radiation plate 21 and the first radiation
strip 22, and the gap between the first radiation plate 21 and
the first radiation strip 22.

In this case, a first resonant frequency may be determined
based on the length from a first point a, at which feeding of the
first radiator is initiated, to a third point ¢, which is one of the
vertices of the first radiation plate 21 and which corresponds
to the inclined portion of the first radiation strip 22. A second
resonant frequency may be determined based on the length
from a second point b, which is another vertex of the first
radiation plate 21, to the third point c. Furthermore, a third
resonant frequency may be determined by coupling produced
in the gap between the first radiation plate 21 and the first
radiation strip 22.

The first, second and third resonant frequencies may be
approximately 0.9 GHz, 2.4 GHz, and 5.5 GHz. A return loss
caused by resonance of the exemplary first radiator 20 will be
described with reference to FIG. 5.

FIG. 5 illustrates a return loss of the first radiator 20 shown
in FIG. 4. As shown in FIG. 5, the first radiator 20 may
resonate in the first, second and third resonant frequencies,
which may be approximately 0.9 GHz, 2.4 GHz, and 5.5 GHz
respectively.

FIG. 6 illustrates an exemplary second radiator 30 shown in
FIG. 3. Here, the second radiator 30 is configured in the same
manner as the first radiator 20. Accordingly, a detailed
description thereof'is omitted. The second radiator 30 may be
smaller in size than the first radiator 20.

As shown in FIG. 6, Gap D, Gap E and Gap F may be
formed between the second radiation plate 31 and the second
radiation strip 32. Here, the widths of the gaps may be tuned
to a certain frequency.

Gap E formed between the second radiation plate 31 and an
inclined portion of the second radiation strip 32, and Gap D
formed between the second radiation plate 31 and a portion of
the second radiation strip 32 which faces the second radiation
plate 31 may desirably have widths less than Gap B of the first
radiator 20. Gap F may have a width equal to Gap C of the first
radiator 20.

The first, second and third resonant frequencies of the
second radiator 30 may be approximately 1.7 GHz, 3.4 GHz,
and 7 GHz. The second radiator 30 may resonate in only the
first resonant frequency and the second resonant frequency. A
return loss caused by resonance of the exemplary second
radiator 30 will be described with reference to FIG. 7.

The antenna 110 may operate in five frequency bands using
the two radiators each folded once.

The controller 120 may control the first radiator 20 and the
second radiator 30 to resonate alternately. Specifically, the
controller 120 may control the first radiator 20 and the second
radiator 30 to resonate in the order of approximately 0.9 GHz,
1.7 GHz, 2.4 GHz, 3.4 GHz, and 5.5 GHz of the resonant
frequency bands. The two radiators may be individually oper-
ated by reducing mutual coupling therebetween.

FIG. 7 illustrates a return loss of the second radiator 30
shown in FIG. 6. In FIG. 7, the second radiator 30 may
resonate in the first resonant frequency and second resonant
frequency, which may be approximately 1.7 GHz and 3.4
GHz.

The antenna 10 may be configured in such a manner that
the first radiator 20 and the second radiator 30 are formed on
respective sides of the ground plate 10 in directions perpen-
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dicular to a surface of the ground plate 10 in a space at an edge
of'the ground plate 10, and thus isolation may be improved.

A return loss of the exemplary antenna 110 was compared
with areturn loss of a conventional antenna in which radiators
are formed on one side of a ground plate.

FIG. 8 illustrates a return loss in a conventional Multi-Band
antenna (not shown) comprising a plurality of antennas
arrayed on one side of a ground plate. On a line graph S11 of
FIG. 8, a monopole antenna may operate within approxi-
mately 4.6 GHz to 5.3 GHz frequency bands at a return loss
level of approximately —10 dB. Here, it was difficult to accu-
rately tune to a resonance point.

On aline graph S21 of FIG. 8 which indicates isolation, the
isolation level is in the range of approximately -5 dB to -10
dB. It was determined that the electric currents applied to a
first radiator and a second radiator flow in the same direction,
causing interference to occur between the radiators.

FIG. 9 illustrates a return loss in a Multi-Band antenna
according to an exemplary embodiment. Here, the MULTI-
BAND antenna is configured as shown in FIGS. 2 and 3, and
the electric currents flow in opposite directions.

As represented by a dotted line graph S11 of FIG. 9, a
monopole antenna may operate within approximately 4.5
GHz to 5.6 GHz frequency bands at a return loss level of
approximately —10 dB. Accordingly, the Multi-Band antenna
according to an exemplary embodiment may resonate at fre-
quency bands wider than a conventional antenna. Addition-
ally, resonance points may be more accurate than in a con-
ventional antenna.

As indicated by a line graph S21 of FIG. 9 representing
isolation, the Multi-Band antenna has a gain of approximately
-20dB. Accordingly, isolation is reduced by 10 dB or greater,
and the depth of the resonance point is reduced by 6 dB or
greater, compared to the conventional antenna. Therefore,
isolation and mutual coupling is improved.

FIG. 10 illustrates a return loss of a Multi-Band antenna in
a first arrangement, according to an exemplary embodiment.
FIG. 11 illustrates a return loss of a Multi-Band antenna in a
second arrangement, according to another exemplary
embodiment. Here, FIGS. 10 and 11 are graphs showing a
return loss of the second radiator 30 according to each
arrangement of the radiators 20 and 30.

A first arrangement of the radiators 20 and 30 may refer to
aconfiguration in which the first line connector 24 and second
line connector 34 in which feeding is initiated are arranged at
a terminal end of the ground plate 10.

A second arrangement of the radiators 20 and 30 may refer
to a configuration in which the first radiation plate 21 and
second radiation plate 31 are arranged so as not to face each
other. With the second arrangement, isolation is improved
compared to the first arrangement, as indicated by comparing
the graphs shown in FIGS. 10 and 11.

By comparing the line graphs S21 of FIGS. 10 and 11, each
of which representing isolation, it is shown that the isolation
level in FIG. 11 is reduced by approximately 6 dB.

FIG. 12 illustrates a return loss in the antenna 110 accord-
ing to an exemplary embodiment. FIG. 12 shows the return
loss of the antenna 110 configured as shown in FIGS. 2 and 3.

The antenna 110 is configured such that the first radiation
plate 21 and the second radiation plate 31 do not face each
other, and the electric currents applied to the first radiator 20
and the second radiator 30 flow in opposite directions. The
radiation strips 22 and 32 are inclined at approximately 45° to
the plane perpendicular to the edge of the ground plate 10.
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The resonance points of the first radiator 20 may be approxi-
mately 0.9 GHz, 2.4 GHz and 5.5 GHz, and the resonance
points of the second radiator 30 may be approximately 1.7
GHz and 3.4 GHz.

Referring to FIG. 12, an isolation level of —15 dB or greater
may be exhibited at all frequency bands.

FIGS. 13A to 13C illustrate beam patterns of the antenna
110 in a bandwidth according to an exemplary embodiment.
FIG. 13A shows a beam pattern of the antenna where the
resonance point of the first radiator 20 is approximately 900
MHz, FIG. 13B shows a beam pattern of the antenna where
the resonance point of the first radiator 20 is approximately
5.5 GHz, and FIG. 13C shows a beam pattern of the antenna
where the resonance point of the second radiator 30 is
approximately 3.4 GHz.

As shown in FIGS. 13A to 13C, it is possible to obtain a
gain of 2 dBi or greater over the entire band according to the
beam patterns of all directions.

As disclosed above, an antenna may resonate in multiple
frequency bands by using a simple configuration. Addition-
ally, radiators of an antenna may be individually operated so
that isolation may be improved.

A number of exemplary embodiments have been described
above. Nevertheless, it will be understood that various modi-
fications may be made. For example, suitable results may be
achieved if the described techniques are performed in a dif-
ferent order and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the following claims.

What is claimed is:

1. A Multi-Band antenna comprising:

a ground plate; and

a plurality of radiators formed on opposing sides of the
ground plate in directions perpendicular to a surface of
the ground plate in a space at an edge of the ground plate,
the plurality of radiators having a disposition which is
above the ground plate, each of the plurality of radiators
being connected to the edge of the ground plate and
comprising:

a radiation plate disposed parallel to the surface of the
ground plate;

a radiation strip disposed on at least one of a plurality of
sides of the radiation plate so that a gap is formed
between the radiation strip and the radiation plate; and

a line connector extending from the edge of the ground
plate in a direction perpendicular to the surface of the
ground plate and connected to the radiation strip.

2. The Multi-Band antenna as claimed in claim 1, wherein
the plurality of radiators is disposed such that electromag-
netic waves radiated from the plurality of radiators are
orthogonally polarized.

3. The Multi-Band antenna as claimed in claim 1, wherein
each of the plurality of radiators further comprises:

a connector that is disposed in the gap between the radia-
tion plate and the radiation strip and connects the radia-
tion plate to the radiation strip.

4. The Multi-Band antenna as claimed in claim 1, wherein:

the radiation plate has a polygonal shape; and

the radiation strip is disposed along the plurality of sides of
the radiation plate and is folded at vertices of the radia-
tion plate to form the gap between the radiation plate and
the radiation strip.

5. The Multi-Band antenna as claimed in claim 1, wherein

the radiation strip is inclined at approximately 45° to a plane
perpendicular to the edge of the ground plate.

8

6. The Multi-Band antenna as claimed in claim 1, wherein
the radiation plates of the plurality of radiators do not face
each other.

7. The Multi-Band antenna as claimed in claim 1, wherein:

5 the radiation plate has a polygonal shape; and

the radiation strip surrounds edges of the radiation plate
facing away from the ground plate to form the gap
between the radiation plate and the radiation strip.

8. The Multi-Band antenna as claimed in claim 1, wherein:

the radiation plate has a polygonal shape; and

the radiation strip is folded at vertices of the radiation plate
to form the gap between the radiation plate and the
radiation strip.

9. A Multi-Band antenna system comprising:

an antenna configured to resonate in a plurality of fre-
quency bands, the antenna comprising a plurality of
radiators, the plurality of radiators having a disposition
which is above the ground plate, each of the plurality of

20 . ..
radiators comprising:

a radiation plate disposed in parallel to a surface of the
ground plate;
a radiation strip disposed on at least one of a plurality of

sides of the radiation plate so that a gap is formed
between the radiation strip and the radiation plate; and

25

aline connector extending from an edge of the ground plate
in a direction perpendicular to the surface of the ground

plate and connected to the radiation strip; and

30 acontroller configured to control the antenna, wherein the

plurality of radiators is formed on opposing sides of the
ground plate in directions perpendicular to the surface of
the ground plate in a space at the edge of the ground

. plate, and is connected to the edge of the ground plate.
10. The Multi-Band antenna system as claimed in claim 9,

wherein the controller is configured to control electric cur-
rents applied to the plurality of radiators to flow in opposite
directions.

11. The Multi-Band antenna system as claimed in claim 9,
wherein each of the plurality of radiators further comprises a
connector disposed in the gap between the radiation plate and
the radiation strip.

40

12. The Multi-Band antenna system as claimed inclaim 11,

45 wherein the controller is configured to:

control the antenna to resonate in a first frequency band by
the radiation strip and the radiation plate;
resonate in a second frequency band by the radiation plate;
and
resonate in a third frequency band by coupling produced in
the gap between the radiation plate and the radiation
strip.
13. The Multi-Band antenna system as claimed in claim 9,
wherein the controller is configured to control the plurality of
radiators to alternately resonate.

55

14. An antenna comprising:
a ground unit;
a first radiator formed on the ground unit; and

60 a second radiator formed on the ground unit, the second
radiator comprising:
aradiation plate disposed parallel to a surface of the ground
unit;
65  aradiation strip disposed on a side of the radiation plate so

that a gap is formed between the radiation strip and the
radiation plate; and
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9 10
aline connector extending from an edge of the ground unit 16. The antenna as claimed in claim 14, wherein the second
in a direction perpendicular to the surface of the ground radiator further comprises a connector formed in the gap

unit and connected to the radiation strip,
wherein the first radiator and the second radiator are
formed on opposing sides of the ground unit in direc- 5
tions perpendicular to the surface of the ground unit.
15. The antenna as claimed in claim 14, wherein the first
and second radiators are of different size. * % % % %

between the radiation plate and the radiation strip to connect
the radiation plate to the radiation strip.
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1
ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 2008-44110 filed on May 13, 2008, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna, and more par-
ticularly, to an antenna in which a radiator that transmits/
receives a frequency signal of a predetermined band and a
filter that can control a signal band of an operating frequency
of the radiator are integrally formed.

2. Description of the Related Art

An ultra wide band (UWB) communication system is a
radio technique that was first developed for military purposes
in the 1960’s by the U.S. Department of Defense. The UWB
communication system is used at a low energy level by using
awide frequency band of 1 GHz to 100 GHz, and a transmis-
sion rate thereof reaches up to 500 Mbps to 1 Gbps which is
about ten times higher than that of IEEE 802.11a (54 Mbps).
The IEEE 802.11a is a set of standards for wireless local area
network (WLAN) which is currently considered to have the
highest transmission rate.

As to a UWB antenna, a UWB notch antenna has been
recently developed, which notches a WLAN frequency band
(5 GHz to 6 GHz) in order to avoid interference with the
WLAN frequency band.

An antenna and a filter are manufactured as separate
devices and are coupled together afterwards. However, for
this reason, additional costs are caused for the antenna and the
filter, impedance matching must be performed between com-
ponents, and additional antennal tuning must be made due to
changes in antenna characteristics such as reflection loss and
group delay.

SUMMARY OF THE INVENTION

An aspect of the present invention provides an antenna
including an integrally formed filter in order to achieve min-
iaturization, lightness and low manufacturing costs.

According to an aspect of the present invention, there is
provided an antenna including: a dielectric substrate; a radia-
tor disposed on one surface of the dielectric substrate; a
feeding conductive pattern having one end connected with the
radiator and the other end connected with an external feed
line; a first slot disposed in the feeding conductive pattern; a
ground plane disposed on the other surface of the dielectric
substrate; and a second slot disposed in the ground plane.

The radiator may have an ultra wide band (UWB) fre-
quency band characteristic.

The radiator may be a patch type radiator.

The first slot may separate the feeding conductive pattern
into a plurality of portions.

The first slot may have a meander-line shape.

The second slot may overlap the feeding conductive pat-
tern at least in part.

The second slot may be disposed at a location correspond-
ing to a location at which the first slot is disposed.

The second slot may have a symmetrical shape.

A central line of the symmetrical shape of the second slot
may face the feeding conductive pattern.
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The second slot may have a dumbbell shape.
The antenna may further include a stub disposed between
the radiator and the feeding conductive pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is an exploded perspective view of an antenna
according to an exemplary embodiment of the present inven-
tion;

FIG. 2A is a view of a first slot formed in a feeding con-
ductive line, according to an exemplary embodiment of the
present invention;

FIG. 2B is a view of a first slot formed in a feeding con-
ductive line, according to another exemplary embodiment of
the present invention;

FIG. 3 is an exploded perspective view of an antenna
according to another exemplary embodiment of the present
invention;

FIG. 4 is a graph of reflection loss of the antenna of FIG. 3;

FIG. 5 is a graph of reflection loss depending on the pres-
ence of a stub in the antenna of FIG. 3;

FIG. 6 is a graph of reflection loss depending on an interval
between first slots in the antenna of FIG. 3; and

FIG. 7 is a graph of reflection loss depending on a size of a
second slot in the antenna of FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Exemplary embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings.

FIG. 1 is an exploded perspective view of an antenna
according to an exemplary embodiment of the present inven-
tion.

Referring to FIG. 1, an antenna 100 according to the cur-
rent embodiment includes a dielectric substrate 110, a radia-
tor 120, a feeding conductive pattern 130, a first slot 140, a
ground plane 150, and a second slot 160.

The dielectric substrate 110 may have a predetermined
dielectric constant. A micro-strip antenna may be provided by
the dielectric substrate 110 having the dielectric constant, the
feeding conductive pattern 130 and the radiator 120 disposed
on one surface of the dielectric substrate 110, and the ground
plane 150 disposed on the other surface of the dielectric
substrate 110. According to the current embodiment, the
dielectric substrate 110 may include FR-4.

The radiator 120 may receive/transmit a predetermined
frequency band signal. According to the current embodiment,
the radiator 120 may be a patch type, which can transmit/
receive an ultra-wide-band (UWB) frequency signal. The
patch-type radiator 120 may be variously implemented.
According to the current embodiment, the radiator 120 may
have a modified trapezoid shape. The radiator 120 may be
tapered downwards.

The feeding conductive pattern 130 may have one end
connected to an external feed line and the other end connected
to the radiator 120. The feeding conductive pattern 130 may
have a resistance of about 50 ohm. The resistance within the
feeding conductive pattern 130 may be controlled according
to an area and a width of the feeding conductive pattern 130.

The feeding conductive pattern 130 may be formed at a
central portion of one area of the dielectric substrate 110.
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According to the current embodiment of the present inven-
tion, the feeding conductive pattern 130 may be placed at a
central portion of one surface of the dielectric substrate 110
having a rectangular shape.

The first slot 140 may be provided in the feeding conduc-
tive pattern 130. The first slot 140 may separate the feeding
conductive pattern 130 into different portions. According to
the current embodiment, the first slot 140 may include two
first slots 141 and 142, and thus the feeding conductive pat-
tern 130 may be separated into three conductive patterns 131,
132 and 133.

The first slot 140 in the feeding conductive pattern 130 may
form an inductance component and a capacitance component
at the feeding conductive pattern 130. That is, capacitance
components may be formed between the feeding conductive
patterns 131, 132 and 133 separated by the first slot 140 by
electromagnetic coupling between the separated feeding con-
ductive patterns 131, 132 and 133. The inductance compo-
nents may be formed by a current flowing through the feeding
conductive pattern 130. Because of the capacitance and
inductance components, the feeding conductive pattern 130
may serve as a filter that passes only a signal of a predeter-
mined frequency band. According to the current embodiment,
the first slot 140 may allow the feeding conductive pattern 130
to serve as a high pass filter (HPF) with respect to a frequency
signal received/transmitted through the radiator 120. The first
slot 140 may be varied in shape and number according to the
required capacitance component and inductance component.

The ground plane 150 may be formed on the other surface
of the dielectric substrate 110.

The ground plane 150 may be connected to an external
ground line to serve as the ground of the antenna. The ground
plane 150 may constitute a microstrip antenna by the electro-
magnetic coupling with the feeding conductive pattern 130
and the radiator 120 provided on one surface of the dielectric
substrate 110.

The second slot 160 may be provided in the ground plane
150.

The second slot 160 may partially overlap the feeding
conductive pattern 130 disposed on one surface of the dielec-
tric substrate 110. According to the current embodiment, the
second slot 160 may include two second slots 161 and 162
respectively facing the first slots 141 and 142 disposed on the
feeding conductive pattern 130.

According to the current embodiment, each of the second
slots 161 and 162 may be symmetrical about the feeding
conductive pattern 130. A central line of each of the sym-
metrical second slots 161 and 162 may be placed to face the
feeding conductive pattern 130. The second slot 160 may be
provided in the form of a dumbbell. A shape of the dumbbell
may be variously implemented.

The second slot 160 may have various shapes. The second
slot 160 may form an inductance component and a capaci-
tance component in the ground plane 150. Due to the induc-
tance component and the capacitance component, the ground
plane 150 may serve as a low pass filter (LPF) with respect to
a frequency signal transmitted/received through the radiator
120.

FIGS. 2A and 2B are views of a first slot formed in a
feeding conductive line, according to exemplary embodi-
ments of the present invention.

According to the exemplary embodiment of FIG. 2A, two
first slots 241 and 242 each provided in the form of a meander
line may be provided in a feeding conductive line 230. As the
first slots 241 and 242 are provided in the form of a meander
line, a facing area between feeding conductive lines separated
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by a corresponding one of the first slots 241 and 242
increases. Thus, a capacitance component can be increased.

According to the exemplary embodiment of FIG. 2B, two
first slots 243 and 244 each having an oblique-line shape may
be provided in the feeding conductive line 230. The oblique
shape of the first slots 243 and 244 may reduce the capaci-
tance component and be formed using a simpler method as
compared to the first slots 243 and 244 in the form of a
meander-line.

FIG. 3 is an exploded perspective view of an antenna
according to another exemplary embodiment of the present
invention.

Referring to FIG. 3, an antenna 300 according to the cur-
rent embodiment includes a dielectric substrate 310, a radia-
tor 320, a feeding conductive pattern 330, a first slot 340, a
ground plane 350, a second slot 360, and a stub 370.

The dielectric substrate 310 may have a predetermined
dielectric constant. A microstrip antenna may be provided by
the dielectric substrate 310 having the dielectric constant, the
feeding conductive pattern 330 and the radiator 320 disposed
on one surface of the dielectric substrate 310, and the ground
plane 350 disposed on the other surface of the dielectric
substrate 310. According to the current embodiment, the
dielectric substrate 310 may include FR-4.

The radiator 320 may transmit/receive a predetermined
frequency band signal. According to the current embodiment,
the radiator 320 may be a patch type, which can transmit/
receive a UWB frequency signal. The patch-type radiator 320
may be variously implemented. According to the current
embodiment, the radiator 320 may have a modified trapezoid
shape. The radiator 320 may be tapered downwards.

The feeding conductive pattern 330 may have one end
connected to an external feed line and the other end connected
to the radiator 320. The feeding conductive pattern 330 may
have a resistance of about 50 ohm. The resistance within the
feeding conductive pattern 330 may be controlled according
to an area and a width of the feeding conductive pattern 330.

The feeding conductive pattern 330 may be formed at a
central portion of one area of the dielectric substrate 310.
According to the current embodiment of the present inven-
tion, the feeding conductive pattern 330 may be placed at a
central portion of one surface of the dielectric substrate 310
having a rectangular shape.

The stub 370 may be provided at a portion where the
feeding conductive pattern 330 and the radiator 320 are con-
nected together.

The stub 370 may serve to match impedance between the
feeding conductive pattern 330 and the radiator 320. That is,
the stub 370 reduces reflection of a feed signal being fed to the
radiator 320 through the feeding conductive pattern 330,
thereby improving feed efficiency. According to the current
embodiment, a pair of stubs that are symmetrical to each other
may be provided. The stub 370 may be variously imple-
mented.

The first slot 340 may be disposed in the feeding conduc-
tive pattern 330. The first slot 340 may separate the feeding
conductive pattern 330 into different portions. According to
the current embodiment, the first slot 340 may include two
first slots 341 and 342 and thus the feeding conductive pattern
330 may be separated into three conductive patterns 331, 332
and 333. According to the current embodiment, each of the
first slots 341 and 342 may provided in the form of a meander-
line. The first slot 340 may be varied in number according to
a desired passband.

The first slot 340 in the feeding conductive pattern 330 may
form an inductance component and a capacitance component
in the feeding conductive pattern 330. That is, a capacitance
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component may be formed between the feeding conductive
patterns 331, 332 and 333 separated by the first slot 340 by the
electromagnetic coupling between the separated feeding con-
ductive patterns 331, 332 and 333. According to the current
embodiment, since the first slot 340 has the meander-line
form, a capacitance component between the separated feed-
ing conductive patterns 331, 332 and 333 can be further
increased. Also, an inductance component may be formed by
the current flowing through the feeding conductive pattern
330. Because of the capacitance component and the induc-
tance component, the feeding conductive pattern 330 may
serve as a filter that passes only a signal of a predetermined
frequency band. According to the current embodiment, the
first slot 340 may allow the feeding conductive pattern 330 to
serve as an HPF with respect to a frequency signal transmit-
ted/received through the radiator 320.

The ground plane 350 may be disposed on the other surface
of the dielectric substrate 310.

The ground plane 350 may be connected to an external
ground line to serve as the ground of the antenna. The ground
plane 350 may constitute a microstrip antenna by the electro-
magnetic coupling with the feeding conductive pattern 330
and the radiator 320 disposed on one surface of the dielectric
substrate 310.

The second slot 360 may be disposed in the ground plane
350.

The second slot 360 may partially overlap the feeding
conductive pattern 330 disposed on one surface of the dielec-
tric substrate 310. According to the current embodiment, the
second slots 361 and 362 may respectively face the first slots
341 and 342 disposed on the feeding conductive pattern 330.

According to the current embodiment, each of the second
slots 361 and 362 may have a symmetrical shape, and a
central line of each of the symmetrical second slots 361 and
362 may be formed at a location corresponding to the feeding
conductive pattern 330. Each of the second slots 361 and 362
may be provided in the form of a dumbbell. A shape of the
dumbbell may be variously implemented.

The second slot 360 may have various shapes. An induc-
tance component and a capacitance component may be
formed in the ground plane because of the second slot 360.
The inductance component and the capacitance component
allow the ground plane 350 to serve as a low pass filter (LPF)
with respect to a frequency signal transmitted/received
through the radiator 320.

FIG. 4 is a graph showing reflection loss of the antenna of
FIG. 3.

It can be seen from FIG. 4 that the antenna according to the
current embodiment operates only for a frequency signal of
about 3.1 GHz to about 5.2 GHz of a UWB frequency signal.
In the case where just a radiator having the UWB character-
istic is used, the antenna may operate for the entire UWB
signal. However, the antenna including an integrally formed
filter according to the current embodiment has a bandpass
characteristic and thus can operate only within a desired band
ina UWB.

FIG. 5 is a graph of reflection loss depending on the pres-
ence of a stub in the antenna of FIG. 3.

InFIG. 5, curve ‘a’ indicates the reflection loss when a stub
is not present in the antenna, and curve ‘b’ indicates the
reflection loss when a stub is present in the antenna. It can be
seen from FIG. 5 that when the stub is not present, the reflec-
tion-loss is skewed toward a higher frequency and matching
in a passband is degraded. Accordingly, impedance matching
is improved by forming a stub between the feeding conduc-
tive pattern and the radiator according to the current embodi-
ment, so that antenna efficiency can be improved.
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FIG. 6 is a graph of reflection loss depending on an interval
between first slots in the antenna of FIG. 3.

In FIG. 6, curve ‘a’ indicates the reflection loss when an
interval between first slots is 0.1 mm, curve ‘b’ indicates the
reflection loss when an interval between first slots is 0.2 mm,
and curve ‘c’ indicates the reflection loss when an interval
between first slots is 0.3 mm. That is, it can be seen that the
reflection loss is skewed toward a higher frequency as the
interval between the first slots becomes wider.

Accordingly, a pass characteristic of a desired frequency
band can be obtained by controlling an interval between the
first slots as well as a length of the first slots.

FIG. 7 is a graph of reflection loss depending on the size of
a second slot in the antenna of FIG. 3.

It canbe seen from FIG. 7 that the reflection loss is skewed
toward a lower frequency and a bandwidth is reduced as the
size of the second slot becomes greater. Accordingly, a
desired frequency pass characteristic can be obtained by con-
trolling the second slot.

According to the exemplary embodiments of the present
invention, an antenna including an integrally formed filter can
be obtained, so that miniaturization, lightness and low manu-
facturing costs of the antenna can be achieved.

While the present invention has been shown and described
in connection with the exemplary embodiments, it will be
apparent to those skilled in the art that modifications and
variations can be made without departing from the spirit and
scope of the invention as defined by the appended claims.

What is claimed is:

1. An antenna comprising:

a dielectric substrate;

a radiator disposed on a first surface of the dielectric sub-
strate;

a feeding conductive pattern having a first end connected
with the radiator and a second end configured to be
connected with an external feed line;

a first slot formed in the feeding conductive pattern;

a ground plane disposed on a second surface of the dielec-
tric substrate; and

a second slot formed in and enclosed within the ground
plane.

2. The antenna of claim 1, wherein the radiator has an ultra

wide band (UWB) frequency band characteristic.

3. The antenna of claim 2, wherein the radiator is a patch
type radiator.

4. The antenna of claim 1, wherein the first slot is formed to
physically separate the feeding conductive pattern into a plu-
rality of portions along a longitudinal direction of the feeding
conductive pattern.

5. The antenna of claim 1, wherein the second slot overlaps
the feeding conductive pattern at least in part.

6. The antenna of claim 5, wherein the second slot is
disposed at a location on the second surface corresponding to
alocation on the first surface at which the first slot is formed.

7. The antenna of claim 5, wherein the second slot has a
symmetrical shape.

8. The antenna of claim 7, wherein a central line of the
symmetrical shape of the second slot faces the feeding con-
ductive pattern.

9. The antenna of claim 1, wherein the second slot has a
dumbbell shape.

10. The antenna of claim 1, further comprising a third slot
formed in the feeding conductive pattern.

11. The antenna of claim 10, further comprising a fourth
slot formed in and enclosed within the ground plane.
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12. An antenna comprising:

a dielectric substrate;

a radiator disposed on a first surface of the dielectric sub-
strate;

a feeding conductive pattern having a first end connected
with the radiator and a second end configured to be
connected with an external feed line;

a first slot formed in the feeding conductive pattern;

a ground plane disposed on a second surface of the dielec-
tric substrate; and

a second slot formed in and enclosed within the ground
plane,

wherein the first slot has a meander line shape and is
formed to physically separate the feeding conductive
pattern into a plurality of portions along a longitudinal
direction of the feeding conductive pattern.

13. The antenna of claim 12, further comprising a third slot

formed in the feeding conductive pattern.

14. The antenna of claim 13, further comprising a fourth

slot formed in and enclosed within the ground plane.

15. An antenna comprising:

a dielectric substrate;

a radiator disposed on a first surface of the dielectric sub-
strate;

a feeding conductive pattern having a first end connected
with the radiator and a second end configured to be
connected with an external feed line;

a first slot formed in the feeding conductive pattern;

a ground plane disposed on a second surface of the dielec-
tric substrate;

5
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a second slot formed in and enclosed within the ground
plane; and

a stub formed on the feeding conductive pattern and
extending from the first end toward the radiator.

16. The antenna of claim 15, further comprising a third slot

formed in the feeding conductive pattern.

17. The antenna of claim 16, further comprising a fourth

slot formed in and enclosed within the ground plane.

18. An antenna comprising:

a dielectric substrate;

a radiator disposed on a first surface of the dielectric sub-
strate;

a feeding conductive pattern having a first end connected
with the radiator and a second end configured to be
connected with an external feed line;

a first slot formed in the feeding conductive pattern;

a ground plane disposed on a second surface of the dielec-
tric substrate;

a second slot formed in and enclosed within the ground
plane; and

a stub formed on the feeding conductive pattern and
extending from the first end toward the radiator,

wherein the first slot has a meander line shape and is
formed to physically separate the feeding conductive
pattern into a plurality of portions along a longitudinal
direction of the feeding conductive pattern.

19. The antenna of claim 18, further comprising a third slot

formed in the feeding conductive pattern.

20. The antenna of claim 18, further comprising a fourth

slot formed in and enclosed within the ground plane.

#* #* #* #* #*
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1
INTERNAL ANTENNA HAVING
SURFACE-MOUNTED RECEPTACLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to mobile terminal
internal antennas, and more particularly, to an internal
antenna having a surface-mounted receptacle, which is con-
figured such that the receptacle is surface-mounted on a
printed circuit board. A feeding pattern and a ground pattern
are formed on the printed circuit board, which is provided
with a radiator having a terminal part that is electrically
connected to the feeding pattern and the ground pattern, and
which is also connected with a cable via the receptacle
mounted in the internal antenna, so as to be connected with
the main board of a mobile terminal.

2. Description of the Related Art

Current mobile terminal internal antennas which are con-
figured so as to be separated from the main board of the
mobile terminal are connected to the main board using a
cable.

In this case, in order to make a connection between the
internal antenna and the cable, a receptacle is mounted on the
internal antenna.

FIG. 1A is a view showing an example of a conventional
internal antenna having a surface-mounted receptacle, and
FIG. 1B is a view showing another example of a conventional
internal antenna having a surface-mounted receptacle.

As shown in FIG. 1A, the internal antenna includes a
surface-mounted receptacle 11, a printed circuit board 12,
which is configured such that a feeding pattern and a ground
pattern are formed on the upper surface thereon, a radiator 13,
which is connected to the feeding pattern and the ground
pattern, and a frame 14, which is used to fasten the printed
circuit board 12 and the radiator 13.

Alternatively, as shown in FIG. 1B, the internal antenna
includes a surface-mounted receptacle 21, a printed circuit
board 22, which is provided with a surface-mounted pin 23, a
radiator 24, which has a pin hole so it may be fastened to the
printed circuit board 22 by the pin 23, and a frame 25, which
is used to fasten the printed circuit board 22 and the radiator
24.

To connect the radiator 24 to the printed circuit board 22,
the pin 23 is inserted through the pin hole and subsequently
compressed and deformed.

However, in the conventional internal antenna of FIG. 1A,
amalfunction may occur due to cold solder joints between the
printed circuit board 12 and the radiator 13. Furthermore, in
the conventional internal antenna of FIG. 1B, a connection
method using the pin 23 is used, so that an electrical connec-
tion malfunction may occur if the pin 23 becomes damaged in
the process of compressing the pin 23 or if the pin oscillates,
which decreases phone call quality.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the prior art, and the
present invention provides an internal antenna having a sur-
face-mounted receptacle and a radiator, which is configured
such that a terminal part extends from a radiation part, is
electrically connected to a printed circuit board on which a
feeding pattern and a ground pattern are formed. Thus, not
only are manufacturing costs reduced thanks to the reduction
in the number of components, but also the manufacturing
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process is simplified. In addition, the electrical connection
between the printed circuit board and the radiator is stably
maintained.

The present invention provides an internal antenna having
a surface-mounted receptacle, including: a printed circuit
board configured such that a receptacle is surface-mounted
thereon; a radiator connected to the printed circuit board; and
a frame configured such that the printed circuit board and the
radiator are mounted thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be more clearly understood from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1A is a view showing an example of a conventional
internal antenna having a surface-mounted receptacle;

FIG. 1B is a view showing another example of a conven-
tional internal antenna having a surface-mounted receptacle;

FIG. 2A is a view showing the construction of an internal
antenna having a surface-mounted receptacle according to an
embodiment of the present invention;

FIGS. 2B and 2C are top and bottom views respectively of
the printed circuit board of FIG. 2A;

FIG. 2D is a view showing the construction of the radiator
of FIG. 2A;

FIG. 2E is a view showing the construction of the frame of
FIG. 24,

FIG. 3A is a view showing the construction of an internal
antenna having a surface-mounted receptacle according to
another embodiment of the present invention; and

FIG. 3B is a view showing the construction of the radiator
of FIG. 3A.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention are
described in detail with reference to the accompanying draw-
ings.

FIG. 2A is a view showing the construction of an internal
antenna having a surface-mounted receptacle according to an
embodiment of the present invention. The internal antenna
includes a printed circuit board 120 configured such that a
receptacle 110 is surface-mounted thereon, a radiator 130
electrically connected to the upper surface of the printed
circuit board 120, and a frame 140 configured such that the
printed circuit board 120 and the radiator 130 are mounted
thereto.

As shown in FIG. 2A, the receptacle 110 is a terminal that
is used to connect the internal antenna 100 and the main board
of' a mobile terminal, which are separately disposed in the
mobile terminal, to each other using a cable, and is surface-
mounted on a receptacle mounting pattern 121, which is
formed on the upper surface of the printed circuit board 120.

As shown in FIG. 2B, the receptacle mounting pattern 121,
which is configured such that the receptacle 110 is surface-
mounted thereon, a first feeding pattern 122, which is config-
ured such that a main signal output from the main board of the
mobile terminal is fed thereto, and a first ground pattern 123,
which is grounded, are formed on the upper surface of the
printed circuit board 120. As shown in FIG. 2C, a second
feeding pattern 125, which is configured such that the main
signal is fed thereto, and a second ground pattern 126, which
is grounded, are formed on the lower surface of printed circuit
board 120.
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Furthermore, the first feeding pattern 122 and the first
ground pattern 123, which are formed on the upper surface of
the printed circuit board 120, are electrically connected to the
second feeding pattern 125 and the second ground pattern
126, which are formed on the lower surface of the printed
circuit board 120, via respective through-holes 124.

As shown in FIG. 2D, the radiator 130 is formed by inte-
grating a radiation part 131, which is used to radiate signals,
with a terminal part 133, which is used to make an electrical
connection with the printed circuit board 120. The terminal
part 133 includes a feeding terminal 134 and a ground termi-
nal 135.

The radiation part 131 is mounted so as to come into close
contact with one side surface of the frame 140 in the longi-
tudinal direction thereof. Furthermore, the radiation part 131
has an asymmetrical structure, and is made of a thin metal
plate which is bent at multiple locations.

The respective feeding and ground terminals 134 and 135
of the radiator 130 are directly and electrically connected to
the first feeding pattern 122 and the first ground pattern 123,
which are formed on the upper surface of the printed circuit
board 120.

The frame 140 has a structure in which one side surface
thereof is bent at multiple locations, and fastening holes are
formed in respective ends thereof such that it can be fastened
in the mobile terminal.

Furthermore, a single vertically cut surface and a single
horizontally cut surface are formed such that a predetermined
portion of the frame 140 forms a stair shape. Two grooves 141
and 142 are formed to fasten the respective feeding and
ground terminals 134 and 135 of the radiator 130 to the
vertically cut surface and the horizontally cut surface.

Accordingly, the printed circuit board 120 is located on the
horizontally cut surface of the frame 140, and is locked by
hooks 143, which are formed at respective ends of the hori-
zontally cut surface, and thus the printed circuit board 120 is
mounted and fastened to the frame 140.

FIGS. 2B and 2C are top and bottom views respectively of
the printed circuitboard of FIG. 2A. The receptacle mounting
pattern 121, the first feeding pattern 122 and the first ground
pattern 123 are formed on the upper surface of the printed
circuit board 120. The second feeding pattern 125 and the
second ground pattern 126 are formed on the lower surface of
the printed circuit board 120.

The first feeding pattern 122 and the second feeding pattern
125 are electrically connected to each other via the through-
hole 124. Similarly, the first ground pattern 123 and the sec-
ond ground pattern 126 are electrically connected to each
other via the through-holes 124.

The receptacle 110 is brought into contact with a pattern,
which is formed in the central portion of the printed circuit
board 120 under the receptacle 110, and the circular portion
of the receptacle mounting pattern 121. Subsequently, one
pin, which is selected from among four pins formed around
the receptacle 110 and is connected with the pattern formed in
the central portion of the printed circuit board 120 under the
receptacle 110, is soldered to the receptacle mounting pattern
121 so that signals can be fed thereto. The remaining three
pins are grounded by being soldered directly to the first
ground pattern 123.

The above-described main signal, which is received from
the main board of the mobile terminal through the cable
connected to the receptacle 110, is fed to the first feeding
pattern 122, which is connected to the receptacle mounting
pattern 121, and at the same time, is fed to the second feeding
pattern 125, which is electrically connected via the through-
holes 124.
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FIG. 2D is a view showing, in detail, the construction of the
radiator of FIG. 2A. The radiator 130 is formed by integrating
the radiation part 131, which is used to radiate signals, with
the terminal part 133, which is used to make an electrical
connection with the printed circuit board 120. The terminal
part 133 includes the feeding terminal 134 and the ground
terminal 135.

In greater detail, the radiator 130 includes the radiation part
131, an extended part 132, which extends vertically from a
predetermined portion of one end of the radiation part 131,
and the terminal part 133, which is formed by vertically
bending one end of the extended part 132. The terminal part
133 includes the feeding terminal 134 and the ground termi-
nal 135, which are spaced apart from each other by a prede-
termined distance.

Accordingly, the radiation part 131 is mounted so as to
come into close contact with one side surface of the frame 140
in the longitudinal direction thereof, the extended part 132 is
mounted so as to come into close contact with the upper
surface of the frame 140, which is connected to the vertically
cut surface formed on the frame 140, and the feeding terminal
134 and the ground terminal 135 are fitted into the respective
grooves 141 and 142, which are formed in the frame 140, by
which the radiator 130 is fastened to the frame 140.

Each of the feeding terminal 134 and the ground terminal
135, which are fitted into the respective grooves 141 and 142
formed in the frame 140, is provided with a first bent portion
136, which is formed by bending the central portion thereofto
apredetermined angle, and a second bent portion 137, which
is formed by bending the end thereof to form a V shape.

In the first bent portions 136, which are formed in the
respective central portions of the feeding terminal 134 and the
ground terminal 135, the respective ends of the feeding ter-
minal 134 and the ground terminal 135 are formed so as to be
bent towards the printed circuit board 120. Accordingly, force
can be constantly exerted downwards by the first bent por-
tions 136.

Furthermore, the respective lower surfaces of the second
bent portions 137 are electrically connected to the first feed-
ing pattern 122 and the first ground pattern 123 by the force
that is exerted by the first bent portions 136.

FIG. 2E is a view showing, in detail, the construction of the
frame 140 of FIG. 2A. The frame 140 has a structure in which
one side surface thereof is bent at multiple locations, and
fastening holes are formed in the respective ends thereof such
that it can be fastened in the mobile terminal.

Furthermore, a single vertically cut surface and a single
horizontally cut surface are formed such that a predetermined
portion of the frame 140 forms a stair shape. Two grooves 141
and 142 are formed to fasten the respective feeding and
ground terminals 134 and 135 of the radiator 130 to the
vertically cut surface and the horizontally cut surface.

In greater detail, the two grooves 141 and 142 are formed in
the vertically cut surface from the edge of the frame 140 until
the location that the vertically cut surface and horizontally cut
surface intersect, and from this point to the edge of the hori-
zontally cut surface continuously. The grooves 141 and 142
are spaced apart from each other by a predetermined distance.

That is, the two grooves 141 and 142 are spaced apart from
each other, and each is continuously formed in the vertically
cut surface and the horizontally cut surface, which are formed
on the frame 140. Furthermore, the hooks 143, which are
formed at the respective ends of the horizontally cut surface of
the frame 140, fasten the printed circuit board 120 to the
frame 140.

In the first embodiment described above, the respective
feeding and ground terminals 134 and 135 of the radiator 130,
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which exert the downward force, are electrically connected to
the first feeding pattern 122 and the first ground pattern 123,
so that reliable phone call quality can be provided thanks to
the stable connection.

FIG. 3A is a view showing the construction of an internal
antenna having a surface-mounted receptacle according to
another embodiment of the present invention. The internal
antenna includes a printed circuit board 220, which is config-
ured such that a receptacle 210 is surface-mounted thereon, a
radiator 230, which is electrically connected to the lower
surface of the printed circuit board 220, and a frame 240,
which is configured such that the printed circuit board 220
and the radiator 230 are mounted thereto.

The electrical connection between the printed circuit board
120 and the radiator 130, shown in the FIG. 2A, is made on the
upper surface of the printed circuit board 120, but the electri-
cal connection between the printed circuit board 220 and the
radiator 230, shown in FIG. 3A, is made on the lower surface
of'the printed circuit board 220. Accordingly, the structure of
the radiator 230 is changed as shown in FIG. 3A.

Since the structure and characteristics of the other parts,
that is, the receptacle 210, the printed circuit board 220 and
the frame 240, are the same as those of the receptacle 110, the
printed circuit board 120 and the frame 140 in the first
embodiment shown in FIG. 2A, the detailed descriptions
thereof are omitted. Furthermore, the drawings of the first
embodiment are to be referred to for the corresponding parts
of the second embodiment.

The radiator 230 is formed by integrating a radiation part
231, which is used to radiate signals, with a terminal part 233,
which is used to make an electrical connection with the
printed circuit board 220. The terminal part 233 includes a
feeding terminal 234 and a ground terminal 235.

The radiation part 231 is mounted so as to come into close
contact with one side surface of the frame 240 in the longi-
tudinal direction thereof. Furthermore, the radiation part 231
has an asymmetrical structure, and is made of a thin metal
plate that is bent at multiple locations.

The respective feeding and ground terminals 234 and 235
of the radiator 230 are directly and electrically connected to
the second feeding pattern 225 and the second ground pattern
226, which are formed on the lower surface of the printed
circuit board 220.

FIG. 3B is a view showing, in detail, the construction of the
radiator of FIG. 3A. The radiator 230 is formed by integrating
the radiation part 231, which is used to radiate signals, with
the terminal part 233, which is used to make an electrical
connection with the printed circuit board 220.

In greater detail, the radiator 230 includes the radiation part
231, an extended part 232, which extends vertically from a
predetermined portion of one end of the radiation part 231,
and the terminal part 233, which is formed by vertically
bending one end of the extended part 232. The terminal part
233 includes the feeding terminal 234 and the ground termi-
nal 235, which are spaced apart from each other by a prede-
termined distance.

Accordingly, the radiation part 231 is mounted so as to
come into close contact with one side surface of the frame 240
in the longitudinal direction thereof, the extended part 232 is
mounted so as to come into close contact with the upper
surface of the frame 240, which extends from the vertically
cut surface of the frame 240, and the feeding terminal 234 and
the ground terminal 235 are fitted into the respective grooves
241 and 242, which are formed in the frame 240, and thus the
radiator 230 can be fastened to the frame 240.

The ends of each of the feeding terminal 234 and the
ground terminal 235, which are fitted into the respective
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grooves 241 and 242 formed in the frame 240, is continuously
bent two times, and thus first bent portions 236 and second
bent portions 237 are formed.

The first bent portions 236, which are formed in the respec-
tive ends of the feeding terminal 234 and the ground terminal
235, are bent so as to be in contact with the grooves 241 and
242 formed in the horizontally cut surface of the frame 240.
Accordingly, force can be constantly exerted upwards by the
first bent portions 236.

Furthermore, in the second bent portions 237, which are
formed by bending the respective ends of the feeding terminal
234 and the ground terminal 235 upwards, the respective
upper surfaces of the second bent portions 237 are constantly
electrically connected to the second feeding pattern 225 and
the second ground pattern 226, which are formed on the lower
surface of the printed circuit board 220, by the force exerted
by the first bent portions 236.

In the second embodiment described above, the respective
feeding and ground terminals 234 and 235 of the radiator 230,
which exert the upward force, are electrically connected to the
second feeding pattern 225 and the second ground pattern 226
formed on the lower surface of the frame 240, so that reliable
phone call quality can be provided thanks to the stable con-
nection.

Accordingly, in the above embodiments, the first feeding
patterns 122 and 222 and the second feeding patterns 125 and
225 formed on the upper surfaces of the printed circuit boards
120 and 220, are electrically connected with the first ground
patterns 123 and 223 and the second ground patterns 126 and
226 formed on the lower surfaces of the printed circuit boards
120 and 220, via the through-holes 124 and 224, which are
formed in the respective printed circuit boards 120 and 220.
This enables the feeding terminals 134 and 234 and the
ground terminals 135 and 235 of the radiators 130 and 230 to
perform the same operation even when the upper surfaces of
the printed circuit boards 120 and 220, on which the first
feeding patterns 122 and 222 and the first ground patterns 123
and 223 are formed, or the lower surfaces of the printed circuit
boards 120 and 220, on which the second feeding patterns 125
and 225 and the second ground patterns 126 and 226 are
formed, are used.

As described above, in the internal antenna having a sur-
face-mounted receptacle according to the present invention, a
receptacle is surface-mounted to the printed circuit board, on
which a feeding pattern and the ground pattern are formed,
and the terminal part of the radiator, which has a structure that
exerts force, is constantly electrically connected to the feed-
ing pattern and the ground pattern. This allows reliable phone
call quality to be provided thanks to the stable connection
between the printed circuit board and the radiator, and the
manufacturing costs can be reduced thanks to the reduction in
the number of components. In addition, productivity is
improved thanks to the simplified manufacturing process.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is:

1. An internal antenna having a surface-mounted recep-
tacle, comprising:

a printed circuit board configured such that a receptacle is

surface-mounted on an upper surface thereof;

a radiator connected to the printed circuit board; and

a frame configured such that the printed circuit board and

the radiator are mounted thereto,
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wherein the printed circuit board is configured to electri-
cally connect the upper surface and a lower surface
thereof partially,

the frame has a vertically cut surface and a horizontally cut

surface formed such that a predetermined portion in the
frame forms a stair shape, and has two grooves formed
along the vertically cut surface and horizontally cut sur-
face, and

the radiator has a feeding terminal and a ground terminal to

be fitted into each of the two grooves formed in the
frame, and

wherein the feeding terminal and ground terminal of the

radiator are inserted and fitted into each of the two
grooves formed along the vertically cut surface and hori-
zontally cut surface of the frame, the printed circuit
board is mounted on and fastened to the horizontally cut
surface of the frame to contact the feeding and ground
terminals of the radiator to the lower surface of the
printed circuit board, and the feeding terminal of the
radiator is connected electrically with the receptacle of
the printed circuit board.

2. The internal antenna as set forth in claim 1, wherein the
printed circuit board is configured such that a receptacle
mounting pattern, on which the receptacle is surface-
mounted, a first feeding pattern, which is connected to the
receptacle pattern and to which a signal is fed, and a first
ground pattern, which is grounded, are formed on an upper
surface thereof, and such that a second feeding pattern, to
which the signal is fed, and a second ground pattern, which is
grounded, are formed on a lower surface thereof.

3. The internal antenna as set forth in claim 2, wherein the
printed circuit board comprises:

through-holes that are used to electrically connect the first

feeding pattern and the second feeding pattern, and to
electrically connect the first ground pattern and the sec-
ond ground pattern.

4. The internal antenna as set forth in claim 1, wherein the
frame has a structure in which one side surface thereof'is bent
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at multiple locations, and fastening holes are formed in
respective ends thereof to fasten the frame in the mobile
terminal.

5. The internal antenna as set forth in claim 4, wherein the
radiator comprises:

a radiation part for radiating signals;

an extended part extending vertically from a predetermined

portion of one end of the radiation part; and

a terminal part formed by vertically bending an end of the

extended part, and provided with the feeding terminal
and the ground terminal, which are spaced apart from
each other by a predetermined distance.

6. The internal antenna as set forth in claim 5, wherein:

the radiation part of the radiator is mounted so as to come

into close contact with one side surface of the frame in a
longitudinal direction thereof;

the extended part is mounted so as to come into close

contact with an upper surface of the frame which is
connected to the vertically cut surface that is formed in
the frame; and

the feeding and ground terminals are fitted into the respec-

tive grooves formed in the frame.

7. The internal antenna as set forth in claim 1, wherein each
of'the feeding and ground terminals of the radiator comprises
a first bent portion and a second bent portion, which are
formed by continuously bending an end thereof two times.

8. The internal antenna as set forth in claim 7, wherein the
first bent portions, which are formed at the respective ends of
the feeding terminal and the ground terminal, are bent so as to
be in contact with the grooves formed in the horizontally cut
surface of the frame, thus exerting force upwards.

9. The internal antenna as set forth in claim 7, wherein the
second bent portions formed at the respective ends of the
feeding terminal and the ground terminal, are bent upwards
from the first bent portions so that respective upper surfaces of
the second bent portions are constantly electrically connected
to the second feeding pattern and the second ground pattern
formed on the lower surface of the printed circuit board, by
force attributable to the first bent portions.

#* #* #* #* #*
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DUAL FREQUENCY ANTENNA AND
COMMUNICATION SYSTEM

BACKGROUND

1. Technical Field

The present disclosure relates to antennas, and particularly
to a dual frequency antenna and a communication system
using the same.

2. Description of Related Art

Most wireless devices allows one communication mode.
For example, a Bluetooth® device may be used to enable
communications to other Bluetooth® devices, a wireless
local area network (WLAN) may be used to communicate
with other WLAN devices or a home radio frequency (Hom-
eRF) device is used to communicate with other HomeRF
devices. Having one wireless device with more than one
communication mode will, obviously, be very desirable.
However, one of the problems of having one wireless device
being used for different wireless communication mode is that
the frequency of transmission used in each mode may differ.
An important parameter for using different frequency is that
the antenna or antennas must be capable of operating in the
different frequencies. Using more than one antenna will
increase the cost and complexities of the wireless device.

Therefore, a dual frequency antenna and a communication
system using the same are needed in the industry to address
the aforementioned deficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a communication
system including a dual frequency antenna in accordance
with an exemplary embodiment.

FIG. 2 is a schematic diagram showing a structure of the
dual frequency antenna.

FIG. 3 is a schematic diagram showing dimensions of the
dual frequency antenna.

FIG. 4 is a diagram showing return loss of the dual fre-
quency antenna.

DETAILED DESCRIPTION

Referring to FIG. 1, a communication system 60 in accor-
dance with an exemplary embodiment is adapted to be used in
electronic products, such as computers, printers, digital cam-
eras, etc. The communication system 60 includes a dual fre-
quency antenna 12 and a processing module 16. The dual
frequency antenna 12 is configured for operating in a first
band for Bluetooth® system and a second band for global
positioning system (GPS). The processing module 16 is con-
figured for receiving signals from the dual frequency antenna
12, processing the signals and sending processed signals to
other successive components, such as a memory (not shown),
of the communication system 60.

Referring to FIG. 2, the dual frequency antenna 12 is dis-
posed on a supporting board 30 that in practice may be a
printed circuit board. In the embodiment, the dual frequency
antenna 12 is shown just with its radiating portion, other
portions such as a grounding plate, a shorting pin, etc., are not
shown because they are well known.

The dual frequency antenna 12 includes a first arm 122
operating in the first band, and a second arm 123 operating in
the second band. The first arm 122 includes a first primary
strip 1221 and a first bent strip 1222. The first primary strip
1221 and the first bent strip 1222 form a first scythe-shaped
structure. The first bent strip 1222 is the blade of the scythe.
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The second arm 123 includes a second primary strip 1231, a
second bent strip 1232, and an inverted-T-shaped strip 1233.
The second primary strip 1231 and the second bent strip 1232
form a second scythe-shaped structure. The second bent strip
1232 is the blade of the scythe and the inverted T-shaped strip
1233 is attached to the tip of the blade. The end of the first
primary strip 1221 away from the first bent strip 1222 and the
end of the second primary strip 1231 away from the second
bent strip 1232 are attached to each other forming an apex
121. The first primary strip 1221 and the second primary strip
1231 form two adjacent sides of a triangle and the first bent
strip 1222 and the second bent strip 1232 forms the third side
of the triangle. The inverted T-shaped strip 1233 is on the
inside of the triangle and a space is between the first bent strip
1222 and the second bent strip 1232. The apex 121 of the
triangle faces the space.

The first arm 122 and the second arm 123 are made of
metal. The first arm 122 and the second arm 123 are con-
nected to the shorting pin (not shown) of the dual frequency
antenna 12. The first primary strip 1221 and the second pri-
mary strip 1231 form an angle A at the apex 121. The angle A,
at the apex 121, is within a range of 40-50 degrees in this
embodiment. The second bent strip 1232 is longer than the
first bent strip 1222. A foot of the inverted-T-shaped strip
1233 is connected to the second bent strip 1232 and a head of
the inverted-T-shaped strip 1233 is parallel to the first bent
strip 1222 and the second bent strip 1232. The head is closer
to the apex than the foot.

Also referring to FIG. 3, detailed dimensional parameters
are illustrated as an example to the dual frequency antenna 12.
The angle A is 45 degrees. Exemplary values of dimensions
“a, b, c1-c6, d1-d2, e” labeled to the dual frequency antenna
12 are: a=1.3934 mm, b=10.6066 mm, ¢1=13.1066 mm,
€2=3.6998 mm, c3=7.5500 mm, c4=2.9375 mm, c5=0.9853
mm, ¢6=0.50000 mm, d1=7.0000 mm, d2=0.5000 mm,
€=12.0000 mm.

Also referring to FIG. 4, measured data of return loss for
the dual frequency antenna 12 is illustrated. The resonant
frequencies of the dual frequency antenna 12 are 1.575 GHz
and 2.45 GHz. The return losses of the resonant frequencies
are lower than —10 dB.

Itis to be understood, however, that even though numerous
characteristics and advantages of the present invention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaning of the terms in which
the appended claims are expressed.

What is claimed is:

1. A dual frequency antenna comprising:

a first arm operating in a first band, the first arm having a
first scythe-shaped structure; and

a second arm operating in a second band, the second arm
having a second scythe-shaped structure and an
inverted-T-shaped strip with a foot connected to an end
of the second scythe-shaped structure, the second
scythe-shaped structure attached to the first scythe-
shaped structure at an apex;

wherein a head of the inverted-T-shaped strip is closer to
the apex than the foot and an angle is defined by the first
scythe-shaped structure and the second scythe-shaped
structure at the apex.

2. The dual frequency antenna according to claim 1,

wherein the angle is within a range of 40-50 degrees.





US 8,009,106 B2

3

3. The dual frequency antenna according to claim 2,
wherein the angle is 45 degrees.

4. The dual frequency antenna according to claim 1,
wherein the first arm comprises a first primary strip extending
from the apex, and a first bent strip bent from the first primary
strip.

5. The dual frequency antenna according to claim 4,
wherein the second arm further comprises a second primary
strip extending from the apex, and a second bent strip bent
from the second primary strip.

6. The dual frequency antenna according to claim 5,
wherein the first bent strip and the second bent strip extend
toward each other.

7. The dual frequency antenna according to claim 6,
wherein the head of the inverted-T-shaped strip is parallel to
the first bent strip and the second bent strip.

8. The dual frequency antenna according to claim 5,
wherein the first primary strip and the second primary strip
intersect at the angle.

9. The dual frequency antenna according to claim 1,
wherein the first arm and the second arm are made of metal.

10. A dual frequency antenna comprising:

a first arm operating in a first band, and comprising a first

scythe-shaped structure; and

asecond arm operating in a second band, and comprising a

second scythe-shaped structure and an inverted-T-
shaped strip, the first scythe-shaped structure and the
second scythe-shaped structure extending from an apex
and defining a triangle;

wherein the inverted-T-shaped strip is inside the triangle,

and a foot of the inverted-T-shaped strip is connected to
the second scythe-shaped structure.

11. The dual frequency antenna according to claim 10,
wherein the first arm comprises a first primary strip extending
from the apex, and a first bent strip bent from the first primary
strip, and the first primary strip and the first bent strip form the
first scythe-shaped structure.

12. The dual frequency antenna according to claim 11,
wherein the second arm further comprises a second primary
strip extending from the apex, and a second bent strip bent
from the second primary strip, and the second primary strip
and the second bent strip form the second scythe-shaped
structure.
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13. The dual frequency antenna according to claim 12,
wherein the first bent strip and the second bent strip are
aligned on a same line as a side of the triangle and define a
space therebetween.
14. The dual frequency antenna according to claim 12,
wherein the first primary strip and the second primary strip
form an angle at the apex, and the angle is within a range of
40-50 degrees.
15. A communication system comprising:
a dual frequency antenna for operating in a first band and a
second band different from the first band, the dual fre-
quency antenna comprising:
afirst arm operating in a first band, and comprising a first
scythe-shaped structure; and

a second arm operating in a second band, and compris-
ing a second scythe-shaped structure and an inverted-
T-shaped strip with a foot connected to the second
sick-shaped structure, the second scythe-shaped
structure attached to the first scythe-shaped structure
at an apex;

wherein a head of the inverted-T-shaped strip is closer to
the apex than the foot and an angle is defined by the
first scythe-shaped structure and the second scythe-
shaped structure at the apex; and

a processing module receiving signals from the dual fre-
quency antenna and processing the signals.

16. The communication system according to claim 15,

wherein the angle is within a range of 40-50 degrees.

17. The communication system according to claim 16,
wherein the angle is 45 degrees.

18. The communication system according to claim 15,
wherein the first arm comprises a first primary strip extending
from the apex, and a first bent strip bent from the first primary
strip.

19. The communication system according to claim 18,
wherein the second arm further comprises a second primary
strip extending from the apex, and a second bent strip bent
from the second primary strip.

20. The communication system according to claim 19,
wherein the first bent strip and the second bent strip extend
toward each other.
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1
MULTIBAND ANTENNA

BACKGROUND

1. Technical Field

The present disclosure relates to multiband antennas, and
particularly to a multiband antenna for wireless cards.

2. Description of Related Art

Wireless cards are widely used in portable electronic
devices such as mobile phones, personal digital assistants
(PDA) and laptop computers. Antennas are used in such wire-
less cards to receive/send wireless signals. Generally, an
antenna of a wireless card may receive/send wireless signals
of different frequencies (e.g., DCS1800, PCS1900,
UMTS2100, etc.), requiring that the antenna be a multiband
antenna.

However, most conventional multiband antennas have
complicated structures and are large in size, while many
wireless cards are small with insufficient space to install the
multiband antennas. Even if some miniaturized multiband
antennas can be installed in wireless cards, they are difficultto
be installed precisely. Thus, communication quality of the
wireless card may be affected.

Therefore, there is room for improvement within the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present multiband antenna can be
better understood with reference to the following drawings.
The components in the various drawings are not necessarily
drawn to scale, the emphasis instead being placed upon
clearly illustrating the principles of the present multiband
antenna. Moreover, in the drawings, like reference numerals
designate corresponding parts throughout the figures.

FIG. 1is a schematic view of a multiband antenna, accord-
ing to an exemplary embodiment.

FIG. 2 is a schematic view of the multiband antenna shown
in FIG. 1 mounted on a substrate.

FIG. 3 is a schematic view of the multiband antenna shown
in FIG. 1 installed in a wireless card.

DETAILED DESCRIPTION

FIG. 1 schematically shows a multiband antenna 100
according to an exemplary embodiment, for use in wireless
cards. The multiband antenna 100 is made of conductive
materials, such as metal. The multiband antenna 100 includes
afirstantennaunit 10 and a second antenna unit 20 connected
to the first antenna unit 10. The first antenna unit 10 is used to
receive or send wireless signals having higher frequencies,
and the second antenna unit 20 is used to receive or send
wireless signals having lower frequencies.

The first antenna unit 10 includes a first main portion 12, a
first resonating portion 14, a first connecting portion 16 and a
first feed portion 18. The first main portion 12 is a rectangular
sheet, which includes two parallel longer sides 121, 123 and
two parallel shorter sides 122, 124 perpendicular to the sides
121, 123. The side 121 intersects the side 124 at a corner 125.

The first resonating portion 14 is a zigzag sheet connected
to the first main portion 12 and coplanar with the first main
portion 12. One end of the resonating portion 14 is connected
to the corner 125, and the first resonating portion 14 extends
in a zigzag from the corner 125. First, the first resonating
portion 14 extends parallel to the side 121 to form a first
resonating section (not labeled), wherein the first resonating
section is approximately as long as the side 121. Second, the
first resonating portion 14 retraces and extends parallel to the
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side 121 to form a second resonating section (not labeled) that
is shorter than the first resonating section. Similarly, the first
resonating portion 14 retraces a plurality of times and forms
a plurality of first resonating sections (not labeled) parallel to
the side 121, with a distal end of the first resonating portion 14
connected to the first connecting portion 16. Each first reso-
nating section is longer than the next one closer to the first
connecting portion 16. The first resonating portion 14 is cor-
respondingly approximately triangular, with a width of the
outer shape of the first antenna unit 10 increasing from the
first resonating portion 14 to the first main portion 12.

The first connecting portion 16 is a longitudinal sheet posi-
tioned coplanar with the first main portion 12 and the first
resonating portion 14. The first connecting portion 16 has one
end connected to a distal end of the first resonating portion 14
and another end extending perpendicularly to the side 121
away from the first main portion 12. The first feed portion 18
is a rectangular sheet connected to the extending end of the
first connecting portion 16. The first feed portion 18 is posi-
tioned in a plane parallel to the side 121 and perpendicular to
the plane where the first main portion 12, the first resonating
portion 14 and the first connecting portion 16 are positioned.

The second antenna unit 20 includes a second connecting
portion 22, a second resonating portion 24, a second main
portion 26 and a second feed portion 28. The second connect-
ing portion 22 is a longitudinal sheet positioned coplanar with
the first main portion 12, the first resonating portion 14 and
the first connecting portion 16. One end of the second con-
necting portion 22 is connected to a side of the first connect-
ing portion 16.

The second resonating portion 24 is a zigzag sheet con-
nected to the second connecting portion 22 and positioned
parallel to the side 122 and perpendicular to the first main
portion 12, the first resonating portion 14 and the first con-
necting portion 16. One end of the second resonating portion
24 is perpendicularly connected to the distal end of the first
connecting portion 22, and extends in a zigzag to form a
plurality of second resonating sections (not labeled). The
second resonating sections are parallel to each other and have
substantially the same length.

The second main portion 26 is a rectangular sheet perpen-
dicularly connected to the second resonating portion 24 and
positioned parallel to the side 123 and perpendicular to the
first main portion 12, the first resonating portion 14 and the
first connecting portion 16. The second main portion 26 is
parallel to the first feed portion 18. The first main portion 12,
the first resonating portion 14, the first connecting portion 16
and the second connecting portion 22 are positioned between
the second main portion 26 and the feed portion 18. The
second main portion 26 is as wide as a length of the resonating
sections of the second resonating portion 24. One end of the
second main portion 26 is perpendicularly connected to an
outer side of the last resonating section of the second reso-
nating portion 24.

The second feed portion 28 is a rectangular sheet con-
nected to the second main portion 26 and positioned parallel
to the side 124 and perpendicular to the first main portion 12,
the first resonating portion 14 and the first connecting portion
16. The second feed portion 28 is perpendicularly connected
to an end of the second main portion 26 opposite to the end
connected to the second resonating portion 22. The second
feed portion 28 is parallel to the second resonating portion 24.
The first main portion 12, the first resonating portion 14, the
first connecting portion 16 and the second connecting portion
22 are positioned between the second resonating portion 24
and the second feed portion 28. Thus, the first feed portion 18,
the second resonating portion 24, the second main portion 26
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and the second feed portion 28 surround the first main portion
12, the first resonating portion 14 the first connecting portion
16 and the second connecting portion 22.

Also referring to FIG. 2, the multiband antenna 100 can be
supported and protected on a cubic substrate 200. During
assembly, the first main portion 12, the first resonating portion
14, the first connecting portion 16 and the second connecting
portion 22 are mounted on a top surface of the substrate, and
in a same plane. The first feed portion 18, the second reso-
nating portion 24, the second main portion 26 and the second
feed portion 28 are respectively mounted on four side sur-
faces of the substrate, surrounding and perpendicular to the
top surface. Thus, each portion of the multiband antenna 100
is flatly attached on the substrate 200, without any portion
thereof protruding. An outer shape of an assembly including
the substrate 200 and the multiband antenna 200 mounted
thereon is also approximately cubic. The multiband antenna
100 is further protected from damage, and the assembly is
more easily to be transported and installed.

Referring to FIG. 3, the assembly including the substrate
200 and the multiband antenna 100 mounted thereon is
installed in a wireless card 300. The first feed portion 18 and
the second feed portion 28 can be connected to inner circuits
(not shown) of the wireless card 300. The wireless card 300
includes an interface 301 (e.g., a USB interface). The wireless
card 300 can be connected to a portable electronic device (not
shown) through the interface 301, thus the multiband antenna
100 can receive or send wireless signals.

In use, the first antenna unit 10 receives/sends wireless
signals having higher frequencies, such as those used in
DCS1800, PCS1900 or UMTS2100. The first resonating por-
tion 14 can be used to regulate the working frequency range of
the first antenna unit 10. The second antenna unit 20 receives/
sends wireless signals having lower frequencies, such as
wireless signals used in GSM850 or EGSM900. The second
feed portion 28, the second main portion 26 and the second
resonating portion 24 surrounding the first antenna unit 10
improve communication quality, and the second resonating
portion 24 can regulate the working frequency range of the
second antenna unit 20.

Asisknown, in a frequency band of about 1710 MHz-2200
MHz, which includes communication frequency bands such
as DCS1800, PCS1900, UMTS2100, etc., the multiband
antenna 100 has an average efficiency of about 76%, with the
return loss of the multiband antenna 100 being less than -5
dB. In a frequency band of about 824 MHz-960 MHz, which
includes communication frequency bands such as GSM850
and EGSM900, etc., the multiband antenna 100 has an aver-
age efficiency of about 54%, and the return loss is less than -3
dB. In both the described high frequency bands and low
frequency bands, the multiband antenna 100 is applicable in
a 3.5G wireless card.

In fabrication, the numbers of the first resonating sections
of the first resonating portion 14 and the second resonating
sections of the second resonating portion 24 can be changed
according to different working frequency ranges. Thus, the
multiband antenna 100 can be used in different kinds of
wireless cards.

It is to be further understood that even though numerous
characteristics and advantages of the present embodiments
have been set forth in the foregoing description, together with
details of structures and functions of various embodiments,
the disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the present invention to the full
extent indicated by the broad general meaning of the terms in
which the agﬁended claims are expressed.
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What is claimed is:

1. A multiband antenna, comprising:

a first antenna unit for receiving/sending wireless signals
having higher frequencies, the first antenna unit includ-
ing a first main portion, a first resonating portion con-
nected to the first main portion, a first connecting portion
connected to the first resonating portion, and a first feed
portion connected to the first connecting portion,
wherein the first main portion, the first resonating por-
tion and the first connecting portion are all sheets posi-
tioned in the same plane, the first connecting portion is
longitudinal, one end of the first connecting portion is
connected to the first resonating portion, and the other
end of the first connecting portion is connected to the
first feed portion; and

a second antenna unit for receiving/sending wireless sig-
nals having lower frequencies than those frequencies
received/sent by the first antenna unit, the second
antennaunit including a second connecting portion posi-
tioned adjacent to the first connecting portion and con-
nected to a side of the first connecting portion, a second
resonating portion connected to the second connecting
portion, a second main portion connected to the second
resonating portion, and a second feed portion connected
to the second main portion; wherein the second connect-
ing portion is a sheet positioned coplanar with the first
connecting portion, and the second resonating portion is
a sheet positioned in a plane that is perpendicular to the
plane where the second connecting portion is posi-
tioned, and the second main portion is a sheet positioned
in a plane that is perpendicular to both the plane where
the first connecting portion is positioned and the plane
where the second connecting portion is positioned.

2. The multiband antenna as claimed in claim 1, wherein
the first feed portion is a sheet positioned in a plane that is
perpendicular to both the plane where the first main portion,
the first resonating portion and the first connecting portion are
positioned and is parallel to the plane where second main
portion is positioned.

3. The multiband antenna as claimed in claim 1, wherein
the first main portion is a rectangular sheet, and the first
resonating portion is a zigzag sheet having one end connected
to a corner of the first main portion and another end connected
to the first connecting portion.

4. The multiband antenna as claimed in claim 3, wherein
the first resonating portion zigzags to form a plurality of
parallel first resonating sections, each of which is longer than
the next one closer to the first connecting portion.

5. The multiband antenna as claimed in claim 1, wherein a
width of the outer shape of the first antenna unit increases
from the first resonating portion to the first main portion.

6. The multiband antenna as claimed in claim 1, wherein
the second resonating portion is a zigzag sheet positioned
perpendicular to the first main portion, the first resonating
portion, the first connecting portion and the first feed portion.

7. The multiband antenna as claimed in claim 6, wherein
the second resonating portion zigzags to form a plurality of
parallel second resonating sections, and all second resonating
sections have substantially a same length.

8. The multiband antenna as claimed in claim 6, wherein
the second main portion is a rectangular sheet parallel to the
first feed portion.

9. The multiband antenna as claimed in claim 8, wherein
the second feed portion is a sheet positioned in a plane that is
parallel to the plane where the second resonating portion is

ositioned.
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10. The multiband antenna as claimed in claim 1, further
comprising a substrate; wherein the substrate is cubic-
shaped, the first main portion, the first resonating portion, the
first connecting portion, and the second connecting portion
are flatly mounted on a top surface of the substrate, and the
second resonating portion and the second main portion are
respectively flatly mounted on two side surfaces of the sub-
strate that are perpendicular to the top surface.

11. The multiband antenna as claimed in claim 10, wherein
the first antenna unit further includes a first feed unit, the first
feed unit being a sheet connected to the first connecting

10

6

portion and flatly mounted on a side surface of the substrate
that is parallel to the side surface where the second main
portion is positioned.

12. The multiband antenna as claimed in claim 11, wherein
the second antenna unit further includes a second feed unit,
the first feed unit being a sheet connected to the second main
portion and flatly mounted on a side surface of the substrate
that is parallel to the side surface where the second resonating
portion is positioned.
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1
ELECTRONIC APPARATUS WITH HIDDEN
ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

This application-claims the priority benefit of Taiwan
application serial no. 96151567, filed on Dec. 31, 2007. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Technology field

The application generally relates to an electronic apparatus
with a hidden antenna, and more particularly, to an electronic
apparatus including a metal frame of a part of housing for
transmitting/receiving electromagnetic signals.

2. Description of Related Art

Currently, wireless communication has become a more
popular choice for human beings to communicate with each
other. Correspondingly, there have been developed many
kinds of wireless communication apparatuses, such as smart
cell phones, multimedia players, personal digital assistants
(PDAs), and satellite navigators. Almost all of the electronic
apparatus capable of wireless transmittance are developed
with a concept toward light weight and slimness, so as to
become more welcome to the consumers.

Generally, antennas are critical components for electronic
apparatus to receive or transmit signals. Typically, most elec-
tronic apparatuses equip with monopole antennas or a planar
inverted F antenna to achieve a micro antenna or a hidden
antenna. The reason for doing so is that fundamental modes of
both of these two kinds of antennas resonate at a %4 wave-
length, so as to be capable of diminishing sizes thereof.

Alternatively, loop antennas are also adopted by some elec-
tronic apparatuses. Conventional loop antennas have some
certain advantages. For example, a balance-fed type loop
antenna can advantageously reduce an excitation current on
the metal surface, so that the antenna would be less affected
by the environment and the metal surface. Alternatively, the
loop antennas may be multiple bent so as to reduce the space
occupation thereof for being applied in the small size elec-
tronic apparatuses. Principle of application of the loop
antenna is to be illustrated below, and whether the mode of the
loop antenna could be excited is also discussed below from a
point of view whether the energy can be transmitted.

FIG. 1 is a schematic diagram illustrating a current distri-
bution of a loop antenna at a full wavelength mode. Referring
to FIG. 1, the loop antenna 110 utilizes a coaxial cable 120
having a resistance of S0Q as a path for signal transmittance.
As shown in FIG. 1, directed by the arrow symbols, along a
direction of a current flowing through the loop antenna 110,
there exist two current zero points, Z1 and 72. A current
flowing through an internal conductor 121 of the coaxial
cable 120 flows out the coaxial cable 120. A current flowing
through an external conductor 122 of the coaxial cable 120
flows in the coaxial cable 120. In other words, currents flow-
ing through the internal conductor and the external conductor
of'the coaxial cable 120 flow along directions opposite one to
another. The opposite directions of the currents meet the rule
of transmission line for transmitting energy, and therefore the
coaxial cable 120 is capable of transmitting energy to the loop
antenna 110, and thus exciting a full wavelength resonance
mode.
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FIG. 2 is a schematic diagram illustrating a current distri-
bution of a loop antenna at a half wavelength mode. Referring
to FIG. 2, the loop antenna 210 utilizes a coaxial cable 220
having a resistance of S0Q as a path for signal transmittance.
As shown in FIG. 2, as indicated by the arrows showing a
direction of a current flowing through the loop antenna 210,
there exists only one current zero point Z21. A current flowing
through an external conductor 221 of the coaxial cable 220
flows out of the coaxial cable 220. A current flowing through
an external conductor 222 of the coaxial cable 120 also flows
out the coaxial cable 120. In other words, currents flowing
through the internal conductor 221 and the external conductor
222 of the coaxial cable 120 flow along the same direction.
The same current direction violates the rule of transmission
line for transmitting energy, and therefore the coaxial cable
220 is incapable of transmitting energy to the loop antenna
210, and thus cannot excite a half wavelength resonance
mode.

In summary, a loop antenna is typically operated at a full
wavelength resonance mode. In such a way, the loop antenna
is likely to achieve an impedance matching of 50€2 and obtain
better radiation efficiency. However, because the loop
antenna adopts a full wavelength mode for operation, it would
occupy a larger space within the electronic apparatus, and
thus restricting the miniaturization of the electronic appara-
tus.

SUMMARY OF THE INVENTION

Accordingly, the application is directed to an electronic
apparatus with a hidden antenna. The electronic apparatus
includes a metal frame reinforcing the structure of the elec-
tronic apparatus. The metal frame is adapted for receiving/
transmitting an electromagnetic signal. Therefore, the need
for a hardware space occupied by the antenna may be elimi-
nated and the overall fabrication cost may be reduced.

The application is also directed to an electronic apparatus
with a hidden antenna. The electronic apparatus utilizes a
metal frame of a part of a housing of the electronic apparatus
for receiving/transmitting an electromagnetic signal, and thus
possible to realize miniaturization of the electronic apparatus.

The application provides an electronic apparatus with a
hidden antenna. The electronic apparatus includes a metal
frame, a substrate, an upper housing, and a lower housing.
The metal frame includes a plurality of side walls. The metal
frame is engaged with the upper housing, and the metal frame
is engaged with the lower housing. Therefore, the metal
frame, the upper housing, and the lower housing form a cavity
for accommodating the substrate.

Furthermore, the substrate includes a metal surface. At
least one side wall has a notch, where the notch passes
through at least one side wall of the metal frame. There is a
feeding terminal configured at a bottom side of the notch. A
first shorting terminal and a second shorting terminal are
configured at two lateral sides of the notch. The metal surface
of the substrate is electrically connected to the first shorting
terminal, the second shorting terminal and the side walls of
the metal frame, and the notch is faced to the substrate.

In general, a half wavelength loop antenna is configured by
the metal frame with the first shorting terminal, the second
shorting terminal, and a feeding terminal. As such, the elec-
tronic apparatus can utilize the frame for receiving/transmit-
ting the electromagnetic signal, and delivering the electro-
magnetic signal over the feeding terminal. Furthermore,
according to an aspect of the embodiment, a length of the
bottom side of the notch is one half of a wavelength of the

electromagnetic si%nals.
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According to an embodiment of the present invention, the
notch is passed through two adjacent side walls.

The application provides an electronic apparatus with a
hidden antenna. The electronic apparatus includes a metal
frame, an upper housing and a lower housing. The metal
frame includes a plurality of side walls. The upper housing is
engaged with the metal frame. The lower housing is engaged
with the metal frame. Therefore, the metal frame, the upper
housing, and the lower housing configure an entire housing to
reinforce the stiffness of the electronic apparatus.

Furthermore, the metal frame has a notch, wherein the
notch passes through at least one side wall. There is a feeding
terminal configured at a bottom side of the notch. An internal
wall of the lower housing includes a metal surface configured
thereby. A first shorting terminal and a second shorting ter-
minal are configured at two lateral sides of the notch. The
metal surface of the lower housing is electrically connected to
the first shorting terminal, the second shorting terminal and
the side walls of the metal frame, and the notch is faced to the
substrate.

In general, a half wavelength loop antenna is configured by
the electronic apparatus with the first shorting terminal, the
second shorting terminal, and a feeding terminal. As such, the
electronic apparatus can utilize the frame for receiving/trans-
mitting the electromagnetic signal, and delivering the elec-
tromagnetic signal via the feeding terminal. According to an
aspect of the embodiment, length of the bottom side of the
notch is one half of a wavelength of the electromagnetic
signal.

The application employs a metal frame for reinforcing the
structure of the electronic apparatus. The metal frame is
employed for receiving/transmitting electromagnetic signals.
Therefore, compared to the conventional art, the application
proposes a scheme of eliminating a need for a space for
accommodating an antenna so that further miniaturization of
the electronic apparatus may be realized and also reduce the
overall fabrication cost for the electronic apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 is a schematic diagram illustrating a current distri-
bution of a loop antenna at a full wavelength mode.

FIG. 2 is a schematic diagram illustrating a current distri-
bution of a loop antenna at a half wavelength mode.

FIG. 3A is a schematic diagram illustrating a theory
according to an embodiment of the present invention.

FIG. 3B is a schematic structural diagram illustrating an
electronic apparatus with a hidden antenna according to an
embodiment of the present invention.

FIG. 4 is a schematic structural diagram illustrating an
electronic apparatus with a hidden antenna according to
another embodiment of the present invention.

FIG. 5A is a schematic diagram illustrating a current dis-
tribution when the metal frame 410 resonates at a 2.45 GHz.

FIG. 5B is a schematic diagram simulating a voltage stand-
ing wave ratio when the metal frame 410 resonates at a 2.45
GHz.

FIG. 5C is a schematic diagram illustrating a practical
measured voltage standing wave ratio when the metal frame
410 resonates at a 2.45 GHz.

FIG. 5D is a practical measurement diagram illustrating a
3D pattern when the metal frame 410 resonates ata 2.45 GHz.
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FIG. 6 is a schematic structural diagram illustrating an
electronic apparatus with a hidden antenna according to a still
further embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

The application is featured in that a metal frame is
employed for reinforcing the structure of an electronic appa-
ratus. The metal frame is adapted for receiving and transmit-
ting an electromagnetic signal. The electronic apparatus with
a hidden antenna is illustrated hereafter without restricting
the electronic apparatus of being PDA cell phone, smart
phones or a satellite navigator.

FIG. 3A is a schematic structural diagram illustrating a
theory with a hidden antenna according to an embodiment of
the present invention. Referring to FIG. 3A, the electronic
apparatus 300 includes a metal frame 310, a substrate 320 and
a metal lower housing 340. The substrate includes a metal
surface 321. The metal frame 310 includes an upper surface
edge, a lower surface edge and a plurality of side walls. The
metal frame 310 is made of a metal material including alu-
minum, steel, stainless steel, iron, copper, phosphor bronze or
beryllium copper, and any combination these metals.

The lateral sides of the metal frame 310 are electrically
connected to the metal surface 321 of the substrate 320. The
upper housing 330 is engaged with the upper surface edge of
the metal frame 310. The lower housing 340 is engaged with
the lower surface edge of the metal frame 310. Therefore, the
upper housing 330, the metal frame 310 and the lower hous-
ing 340 form a cavity for accommodating the substrate 320,
and thereby reinforcing the structure of the electronic appa-
ratus 300.

It should be noted that one skilled in the art may use an
manufacturing technology to form the metal frame 310 which
is integrally formed with the upper housing 330 or the lower
housing 340. This may contribute to further improve the
structure of the electronic apparatus 300. According to an
aspect of the embodiment, the substrate 320 is a metal back-
plate of a display panel or a printed circuit board (PCB).

Againreferring to FIG. 3A, a notch 350 is configured at the
metal frame 310. According to an aspect of the embodiment,
the notch 350 passes through at least one side wall of the
metal frame 310, so as to configure a first shorting terminal
352 and a second shorting terminal 353 at two lateral sides of
the notch 350. There is a feeding terminal 351 configured at a
bottom side of the notch 350. The notch 350 faces to the
substrate 320. The side walls, the first shorting terminal 352
and the second shorting terminal 353 are electrically con-
nected to metal surface 321 of the substrate 320.

In general, the metal frame 310 serves as a loop antenna of
the electronic apparatus 300 for receiving and transmitting
electromagnetic signals. The loop antenna is substantially
composed of the feeding terminal 351, the first shorting ter-
minal 352, and the second shorting terminal 353. A principle
of operation of the loop antenna is illustrated below with
reference to FIG. 3B.

FIG. 3B is a schematic structural diagram illustrating an
electronic apparatus with a hidden antenna according to an
embodiment of the present invention. Referring to FIG. 3B, a
loop antenna 360 utilizes a coaxial cable 370 having a resis-
tance of 50Q as a path for signal transmittance. The coaxial
cable 370 is electrically connected to the metal surface 380.
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As shown by the arrows in FIG. 3B, which indicates the
direction of a current flowing through the loop antenna 360
and a current zero point Z31. Currents at two sides of the
current zero point Z31 flow in opposite directions. A current
flowing through an internal conductor 371 of the coaxial
cable 370 flows out the coaxial cable 370.

As to an external conductor 372 of the coaxial cable 370, a
negative current of the loop antenna 360 is provided by an
excitation current of the metal surface 380 flowing out the
coaxial cable 370. In such a way, currents flowing through the
internal conductor 371 and the external conductor 372 of the
coaxial cable 370 flow along directions opposite one to
another. In other words, when the loop antenna 360 is elec-
trically connected to the metal surface 380, the coaxial cable
370 is capable of transmitting energy to the loop antenna 360,
and thus exciting a half wavelength resonance mode.

As discussed above, it can be learnt that when the first
shorting terminal 352 and the second shorting terminal 353
are electrically connected to the metal surface 321 of the
substrate 320, the metal frame 310 serves as a half wavelength
loop antenna, and is adapted to deliver electromagnetic sig-
nals received or transmitted thereby via the feeding terminal
351. In order to achieve such a half wavelength loop antenna
and according to an aspect of the embodiment, a length of the
notch 350 is one half of a wavelength of the electromagnetic
signals. Those skilled in the art may be taught by the disclo-
sure to modify the frequency band of the electromagnetic
signals received or transmitted by the metal frame 310 by
varying a distance between the feeding terminal 351 and the
first shorting terminal 352.

On the other hand, a path from the feeding terminal 351 to
the first shorting terminal 352 is a main excitation path of the
metal frame 310. Those skilled in the art may alternatively
adjust the relative positions of the feeding terminal to the
second shorting terminal 353, so as to modify an impedance
matching of the metal frame. According to an aspect of the
application, the feeding terminal 351 is disposed at a center
place of the bottom side of the notch 350, so as to allow the
metal frame 310 to receive or transmit electromagnetic sig-
nals having a wider frequency bandwidth. According to an
aspect of the embodiment, a depth of the notch 350 is 1 mm.
According to another aspect of the embodiment, the notch
350is disposed at a lower edge of the electronic apparatus 300
for a handheld effect or a human body effect applied to the
metal frame 310.

It should be noted that the metal frame 310 not only rein-
forces the structure of the electronic apparatus 300, but also
configures a loop antenna provided to the electronic appara-
tus 300 for receiving/transmitting electromagnetic signals.
As discussed above, the loop antenna configured by the metal
frame 310 is adapted for operating at a half wavelength reso-
nance mode. As such, the electronic apparatus 300, compared
to the conventional technology, can be further miniaturized,
and also the fabrication cost may be reduced and the structure
of the electronic apparatus may be reinforced.

FIG. 4 is a schematic structural diagram illustrating an
electronic apparatus with a hidden antenna according to
another embodiment of the present invention. Referring to
FIG. 4, there is shown an electronic apparatus 400. The elec-
tronic apparatus 400 includes a metal frame 410, a substrate
420, an upper housing 430 and a lower housing 440. The
substrate 420 includes a metal surface 421. The metal frame
has an upper surface edge, a lower surface edge and a plurality
of side walls.

The arrangement and principle of operation of the current
embodiment are similar to that shown in FIG. 3. According to
the present embodiment, the upper housing 430, the metal
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frame 410, and the lower housing 440 form a cavity for
accommodating the substrate 420, and reinforcing the struc-
ture of the electronic apparatus 400. A notch 450 is configured
at the metal frame 410. The notch 450 passes through at least
one side wall of the metal frame 410 so as to configure a first
shorting terminal 452 and a second shorting terminal 453 at
two lateral sides of the notch 450. The first shorting terminal
452 and the second shorting terminal 453 are electrically
connected to metal surface 421 of the substrate 420. In such a
way, the electronic apparatus 400 is adapted for receiving/
transmitting electromagnetic signals over the metal frame
410, and delivering the electromagnetic signals by a feeding
terminal 451 configured at a bottom side of the notch 450. In
other words, the metal frame according to an embodiment of
the preset invention not only reinforces the structure of the
electronic apparatus 400, but also serves as a loop antenna
provided for the electronic apparatus 400 for receiving/trans-
mitting electromagnetic signals.

The present embodiment differs from the embodiment
described with reference to FIG. 3 in that the notch 450 is
located at a corner formed by a connection part between two
adjacent side walls of the metal frame 410, and the notch 450
passes through the two adjacent side walls. In other words, the
notch 450 passes through two adjacent side walls. The notch
450 faces to the substrate 320. Further, a path from the feeding
terminal 451 to the first shorting terminal 452 is a main
excitation path of the metal frame 410, and an impedance
matching ofthe metal frame 410 can be determined according
to a distance from the feeding terminal 451 to the second
shorting terminal 453. Other details about this embodiment
can be learnt by referring to the foregoing embodiment of
FIG. 3, and is not iterated hereby. Below, simulated and
practical measurement diagrams are given according to the
embodiments of the present invention.

FIG. 5A is a schematic diagram illustrating a current dis-
tribution when the metal frame 410 resonates at a 2.45 GHz.
As shown in FIG. 5A, the feeding terminal 451, the first
shorting terminal 452, and the second shorting terminal 453
are disposed in similar positions of the metal frame 410 as
shown in FIG. 4. Arrows 501, 502 are used for indicating a
current flowing direction along which the current flows in the
metal frame 410 when the metal frame 410 is excited. It can
be learnt from FIG. 5A, the current zero point Z51 is located
between the arrows 501 and 502, and therefore the metal
frame 410 is a half wavelength resonance antenna. Further-
more, current flowing through the metal frame 410 is mainly
distributed at a peripheral areas of the notch 450. As such, a
part of metal frame 410 surrounding the notch 450 is a main
radiation region for receiving/transmitting electromagnetic
signals. Correspondingly, the remaining parts of metal frame
410 and the metal surface 421 having only a small amount of
current flowing therethrough are attributed as non-radiation
regions of the metal frame 410. Current distributed in the
non-radiation regions is constantly smaller than that distrib-
uted in the radiation region. Therefore, the metal frame 410 is
not likely to be affected by ambient environment.

FIG. 5B is a schematic diagram simulating a voltage stand-
ing wave ratio when the metal frame 410 resonates at a 2.45
GHz. Referring to FIG. 5B, when a voltage standing wave
ratio is smaller than 2, a range of the frequency bandwidth of
the metal frame 410 is between 2.392 GHz and 2.512 GHz.
The frequency bandwidth is 120 MHz. FIG. 5C is a schematic
diagram illustrating a practical measured voltage standing
wave ratio when the metal frame 410 resonates ata 2.45 GHz.
Referring to FIG. 5C, according to the practical measure-
ment, a center frequency of the metal frame 410 is also 2.45
GHz. Therefore, it can be concluded that the simulation well
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correlates with the practical measurement. FIG. 5D is a prac-
tical measurement diagram illustrating a 3D pattern when the
metal frame 410 resonates at a 2.45 GHz. Referring to FIG.
5D, the radiation characteristic of the metal frame 410 is
similar to that of a half wavelength dipole antenna. This
evidences that the present embodiment of the present inven-
tion is a half wavelength resonance mode loop antenna, rather
than a full wavelength resonance mode loop antenna.

FIG. 6 is a schematic structural diagram illustrating an
electronic apparatus with a hidden antenna according to a still
another embodiment of the present invention. Referring to
FIG. 6, there is shown an electronic apparatus 600 including
ametal frame 610, an upper housing 620, and a lower housing
630. The lower housing 630 includes a metal surface 631
covering an internal wall of the lower housing 630. The metal
frame 630 includes an upper surface edge, a lower surface
edge, and a plurality of side walls. The metal frame can be
fabricated by metal materials including aluminum, steel,
stainless steel, iron, copper, phosphor bronze, and beryllium
coppet.

The side walls of the metal frame 610 are electrically
connected to the metal surface 631. The upper housing 620 is
engaged with the upper surface edge of the metal frame 610.
Thelower housing 630 is engaged with the lower surface edge
of'the metal frame 610. Therefore, the upper housing 620, the
metal frame 610, and the lower housing 630 in conjunction
form a cavity for accommodating the substrate 620, and rein-
forcing the structure of the electronic apparatus. It should be
noted that one skilled in the art may use a manufacturing
technology to form the metal frame 610 which is integrally
formed with the lower housing 630. This may contribute to
further improve the structure of the electronic apparatus 600.

Further, a notch 640 is configured at the metal frame 610.
According to an aspect of the embodiment, the notch 640
passes through a side wall of the metal frame 610, so as to
configure a first shorting terminal 642 and a second shorting
terminal 643 at two lateral sides of the notch 640. There is a
feeding terminal 641 configured at a bottom side of the notch
640. The first shorting terminal 642 and the second shorting
terminal 643 are electrically connected to metal surface 631.

In general, the metal frame 610 serves as both a structural
enforcement of electronic apparatus 600 and a loop antenna
of the electronic apparatus 600 for receiving/transmitting
electromagnetic signals. The loop antenna is substantially
composed of the feeding terminal 641, the first shorting ter-
minal 642 and the second shorting terminal 643 of the metal
frame 610. The metal frame 610 is being operated with a half
wavelength excitation status. Therefore, a length of the bot-
tom side of the notch is one half of a wavelength of the
electromagnetic signal. Those skilled in the art may be taught
by the disclosure to modify the frequency band of the elec-
tromagnetic signals received or transmitted by the metal
frame 610 by varying a distance between the feeding terminal
641 and the first shorting terminal 642.

On the other hand, a path from the feeding terminal 641 to
the first shorting terminal 642 is a main excitation path of the
metal frame 610. A distance from the feeding terminal 641 to
the second shorting terminal 643 is used for determining an
impedance matching of the metal frame 610. According to an
aspect of the present invention, the feeding terminal 641 is
disposed at a center place of the bottom side of the notch 640,
so as to allow the metal frame 610 to receive or transmit
electromagnetic signals having a wider frequency bandwidth.
According to an aspect of the embodiment, a depth of the
notch 640 is 1 mm. According to another aspect of the

embodiment, the notch 640 is disg)osed at a lower edge of the
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electronic apparatus 600 for a handheld effect or a human
body effect applied to the metal frame 610.

In summary, the application employs a metal frame for
improving the stiffness of the electronic apparatus. The metal
frame is further adapted for receiving/transmitting electro-
magnetic signals. Therefore, compared to the conventional
technologies, the application is adapted for reducing the
space occupied by the antenna for realizing further miniatur-
ization and strengthening the structure of the electronic appa-
ratus and also reducing the fabrication cost.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the application without departing from the scope or spirit of
the invention. In view of the foregoing, it is intended that the
application cover modifications and variations of this appli-
cation provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. An electronic apparatus with a hidden antenna, compris-
ing:

ametal frame, comprising a plurality of side walls, wherein

a notch is passed through at least one side wall, a first
shorting terminal and a second shorting terminal are
configured at two lateral sides of the notch, and a feeding
terminal is configured at a bottom side of the notch; and
a substrate, comprising a metal surface, electrically con-
nected to the first shorting terminal, the second shorting
terminal and the side walls, and the notch is faced to the
substrate,

wherein the metal frame receives or transmits an electro-

magnetic signal, and delivers the electromagnetic signal
over the feeding terminal, and a length of the bottom side
of the notch is one half of a wavelength of the electro-
magnetic signal.

2. The electronic apparatus according to claim 1, further
comprising:

an upper housing engaged with the metal frame; and

a lower housing engaged with the metal frame,

wherein the upper housing, the lower housing and the

metal frame form a cavity for accommodating the sub-
strate.

3. The electronic apparatus according to claim 2, wherein
the metal frame and the upper housing are integrally formed.

4. The electronic apparatus according to claim 2, wherein
the metal frame and the lower housing are integrally formed.

5. The electronic apparatus according to claim 1, wherein
the notch is passed through two adjacent side walls.

6. The electronic apparatus according to claim 1, wherein a
depth of the notch is 1 mm.

7. The electronic apparatus according to claim 1, wherein
the feeding terminal is disposed at a center place of the bottom
side of the notch.

8. The electronic apparatus according to claim 1, wherein
the substrate is a metal backplate of a display panel.

9. The electronic apparatus according to claim 1, wherein
the substrate is a printed circuit board.

10. The electronic apparatus according to claim 1, wherein
the electronic apparatus includes a personal digital assistant
cell phone, a smart cell phone, a satellite navigator or a
personal digital assistant.

11. An electronic apparatus with a hidden antenna, com-
prising:

ametal frame, comprising a plurality of side walls, wherein

a notch is passed through at least one side wall, a first
shorting terminal and a second shorting terminal are
configured at two lateral sides of the notch and a feeding

terminal is conﬁgkured at a bottom side of the notch;
e of Color, Inc. - Page 13 of 14
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an upper housing engaged with the metal frame; and

a lower housing engaged with the metal frame, wherein a
metal surface is configured on an internal wall of the
lower housing, the metal surface is electrically con-
nected to the first shorting terminal, the second shorting
terminal, and the side walls, and

wherein the metal frame receives or transmits an electro-
magnetic signal, and delivers the electromagnetic signal
over the feeding terminal, and a length of the bottom side
of the notch is one half of a wavelength of the electro-
magnetic signal.

12. The electronic apparatus according to claim 11,
wherein the notch is passed through two adjacent side walls.

10

13. The electronic apparatus according to claim 11,
wherein the metal frame and the lower housing are integrally
formed.

14. The electronic apparatus according to claim 11,
wherein the feeding terminal is disposed at a center place of
the bottom side of the notch.

15. The electronic apparatus according to claim 11,
wherein a depth of the notch is 1 mm.

16. The electronic apparatus according to claim 11,
wherein the electronic apparatus includes a personal digital
assistant cell phone, a smart cell phone, a satellite navigator or
a personal digital assistant.

#* #* #* #* #*
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MOBILE WIRELESS COMMUNICATIONS
DEVICE COMPRISING MULTI-FREQUENCY
BAND ANTENNA AND RELATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of Ser. No. 12/173,087
filed Jul. 15, 2008 now U.S. Pat. No. 7,696,935, which, in
turn, is a continuation of Ser. No. 11/769,844 filed Jun. 28,
2007, now U.S. Pat. No. 7,482,985, which, in turn, is a con-
tinuation of Ser. No. 11/422,158 filed Jun. 5, 2006, now U.S.
Pat. No. 7,271,772, which, in turn, is a continuation of Ser.
No. 11/042,693 filed Jan. 25, 2005, now U.S. Pat. No. 7,068,
230, which claims the benefit of U.S. Provisional Application
Nos. 60/576,159 filed Jun. 2, 2004, and 60/576,637, filed Jun.
3, 2004, all of which are hereby incorporated herein in their
entireties by reference.

FIELD OF THE INVENTION

The present invention relates to the field of communica-
tions devices, and, more particularly, to mobile wireless com-
munications devices and related methods.

BACKGROUND OF THE INVENTION

Cellular communications systems continue to grow in
popularity and have become an integral part of both personal
and business communications. Cellular telephones allow
users to place and receive voice calls most anywhere they
travel. Moreover, as cellular telephone technology has
increased, so too has the functionality of cellular devices. For
example, many cellular devices now incorporate personal
digital assistant (PDA) features such as calendars, address
books, task lists, etc. Moreover, such multi-function devices
may also allow users to wirelessly send and receive electronic
mail (email) messages and access the Internet via a cellular
network and/or a wireless local area network (WLAN), for
example.

Even so, as the functionality of cellular communications
devices continues to increase, so too does the demand for
smaller devices which are easier and more convenient for
users to carry. As a result, one style of cellular telephones
which has gained wide popularity is the folding or “flip”
phone. Flip phones typically have an upper housing with a
display and speaker, and a lower housing or flap which carries
the microphone. The keypad on such phones may be on either
the upper housing or the lower housing, depending upon the
particular model. The lower flap is connected to the upper
housing by a hinge so that when not in use the upper and lower
housings can be folded together to be more compact.

One example of a flip phone is disclosed in U.S. Pat. No.
5,337,061 to Pye etal. The phone has two antennas, a first one
of which is mounted on the lower flap and includes a ground
plane and an active monopole fed by a coaxial feed from
electronic circuitry inside the phone. The flap is pivotally
connected to the main or upper section of the housing, and is
folded against the main section when not in use. Another
similar antenna is fitted in the main section, and both antennas
are connected to transceiver circuitry in the phone. The anten-
nas are designed to introduce deliberate mismatch to provide
an effective switching system between the antennas without
the need for separate circuit elements.

The antenna configuration of a cellular telephone may also
significantly effect the overall size or footprint of the phone.
Cellular telephones typically have antenna structures that
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support communications in multiple operating frequency
bands. Various types of antennas for mobile devices are used,
such as helix, “inverted F”, folded dipole, and retractable
antenna structures, for example. Helix and retractable anten-
nas are typically deployed outside, i.c., on the exterior of, a
mobile device, and inverted F and folded dipole antennas are
typically within (i.e., on the interior of) a mobile device case
or housing adjacent the top thereof.

Generally speaking, internal antennas allow cell phones to
have a smaller footprint than do external antennas. Moreover,
they are also are preferred over external antennas for
mechanical and ergonomic reasons. Internal antennas are also
protected by the mobile device housing and therefore tend to
be more durable than external antennas. External antennas
may be cumbersome and make the mobile device difficult to
use, particularly in limited-space environments.

Yet, one potential drawback of typical internal cellular
phone antennas is that they are in relatively close proximity to
the user’s head when the phone is in use. As an antenna moves
closer to a user’s body, the amount of radio frequency (RF)
energy radiation absorbed by the body will typically increase.
The amount of RF energy absorbed by a body when using a
mobile phone is called the specific absorption rate (SAR), and
the allowable SAR for mobile phones is typically limited by
applicable government regulations to ensure safe user RF
energy exposure levels.

One attempt to reduce radiation exposure from cell phone
antennas is set forth in U.S. Pat. No. 6,741,215 to Grant et al.
This patent discloses various cellular phones with internal
and external antenna configurations in which the antennas are
positioned at the bottom of the phone to reduce radiation
intensity experienced by a user, i.e., by moving the antenna
farther away from the user’s brain. Further, in some embodi-
ments the housing of the phone forms an obtuse angle so that
the bottom portion of the housing angles away from the user’s
face.

Despite such antenna configurations which allow for
reduced radiation exposure, further advancements in antenna
configurations, particularly internal antennas, may be desir-
able to allow for further reductions in overall device size
while still providing relatively low SAR values.

SUMMARY OF THE INVENTION

In view of the foregoing background, it is therefore an
object of the present invention to provide a mobile wireless
communications device including an antenna configuration
which allows for relatively small device sizes, yet provides
desired performance over multiple frequency bands.

This and other objects, features, and advantages in accor-
dance with the present invention are provided by a mobile
wireless communications device which may include a hous-
ing and a multi-frequency band antenna carried within the
housing. More particularly, the multi-frequency band antenna
may include a main loop conductor having a gap therein
defining first and second ends of the main loop conductor, a
first branch conductor having a first end connected adjacent
the first end of the main loop conductor and having a second
end defining a first feed point, and a second branch conductor
having a first end connected adjacent the second end of the
main loop conductor and a second end defining a second feed
point. The multi-frequency antenna may further include a
tuning branch conductor having a first end connected to the
main loop conductor between the respective first ends of the
first and second branches.

The multi-frequency band antenna may therefore be
arranged to take up a relatively small footprint yet still pro-
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vide desired performance. Moreover, the antenna configura-
tion allows for convenient positioning at the bottom of a
mobile device (e.g., cellular phone) printed circuit board
(PCB), which aids in complying with applicable SAR
requirements. This configuration may also allow for less
impact on antenna performance due to blockage by a user’s
hand. That is, users typically hold cellular phones toward the
middle to upper portion of the phone housing, and are there-
fore more likely to put their hands over such an antenna than
they are an antenna positioned adjacent the lower portion of
the housing.

The main loop conductor may have a generally rectangular
shape with opposing first and second sides and opposing first
and second ends, and the gap may be in the first side of the
main loop conductor. Moreover, the respective first ends of
the first branch conductor, the second branch conductor, and
the tuning branch conductor may be connected to the first side
of the main loop conductor. In particular, the main loop con-
ductor may include non-planar portions to provide further
space savings, for example.

The main loop conductor may advantageously have at least
one tuning feature therein. By way of example, such tuning
features may include meanders, zig-zags, loops, as well as
other geometrical shapes. The first, second, and/or tuning
branch conductors may also include similar tuning features
therein. The mobile wireless communications device may
further include a dielectric substrate supporting the multi-
frequency band antenna, and the main loop conductor, first
and second branch conductors, and tuning branch conductor
may each comprise a respective conductive trace on the
dielectric substrate. The mobile wireless communications
device may also include wireless transceiver circuitry carried
by the dielectric substrate and connected to the multi-fre-
quency band antenna.

A method aspect of the invention is for making a mobile
wireless communications device and may include providing a
housing, and positioning a multi-frequency band antenna
within the housing, such as the one described briefly above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a mobile wireless
communications device in accordance with the present inven-
tion illustrating certain internal components thereof.

FIG. 2 is a front elevational view of the mobile wireless
communications device of FIG. 1.

FIG. 3 is a schematic diagram generally illustrating a
multi-frequency band antenna for the mobile wireless com-
munications device of FIG. 1.

FIGS. 4-6 are schematic diagrams of different embodi-
ments of tuning features which may be used in various por-
tions of the antenna of FIG. 3.

FIG. 7 is a perspective view of an embodiment of a dielec-
tric substrate and associated antenna for use in the mobile
wireless communications device of FIG. 1.

FIG. 8 is a rear elevational view of the dielectric substrate
of FIG. 7.

FIGS. 9 and 10 are perspective views of another embodi-
ment of a dielectric substrate and associated antenna for use in
the mobile wireless communications device shown from the
top of'the substrate looking down, and from the bottom of the
substrate looking up, respectively.

FIGS. 11 and 12 are flow diagrams of methods for making
amobile wireless communications device in accordance with
the present invention.
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FIG. 13 is a schematic block diagram of an exemplary
mobile wireless communications device for use with the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements through-
out, and prime notation is used to indicate similar elements in
alternate embodiments.

Referring initially to FIGS. 1 and 2, a mobile wireless
communications device, such as a mobile cellular device 20,
in accordance with the present invention is first described.
The cellular device 20 illustratively includes a housing 21
having an upper portion 46 and a lower portion 47, and a main
dielectric substrate 67, such as a printed circuit board (PCB)
substrate, for example, carried by the housing. The illustrated
housing 21 is a static housing, for example, as opposed to a
flip or sliding housing which are used in many cellular tele-
phones. However, these and other housing configurations
may also be used.

Various circuitry 48 is carried by the dielectric substrate 67,
such as a microprocessor, memory, one or more wireless
transceivers (e.g., cellular, WLAN, etc.), audio and power
circuitry, etc., as will be appreciated by those skilled in the art,
and as will be discussed further below. A battery (not shown)
is also preferably carried by the housing 21 for supplying
power to the circuitry 48.

Furthermore, an audio output transducer 49 (e.g., a
speaker) is carried by the upper portion 46 of the housing 21
and connected to the circuitry 48. One or more user input
interface devices, such as a keypad 23, is also preferably
carried by the housing 21 and connected to the circuitry 48.
Other examples of user input interface devices include a
scroll wheel 37 and a back button 36. Of course, it will be
appreciated that other user input interface devices (e.g., a
stylus or touch screen interface) may be used in other embodi-
ments.

The cellular device 20 further illustratively includes an
antenna 45 carried within the lower portion 47 of the housing
21 comprising a pattern of conductive traces on the dielectric
substrate 67, as will be discussed further below. By placing
the antenna 45 adjacent the lower portion 47 of the housing
21, this advantageously increases the distance between the
antenna and the user’s head when the phone is in use to aid in
complying with applicable SAR requirements.

More particularly, a user will typically hold the upper por-
tion of the housing 21 very close to his head so that the audio
output transducer 49 is directly next to his ear. Yet, the lower
portion 47 of the housing 21 where an audio input transducer
(i.e., microphone) is located need not be placed directly next
to a user’s mouth, and is typically held away from the user’s
mouth. That is, holding the audio input transducer close to the
user’s mouth may not only be uncomfortable for the user, but
it may also distort the user’s voice in some circumstances. In
addition, the placement of the antenna 45 adjacent the lower
portion 47 of the housing 21 also advantageously spaces the
antenna farther away from the user’s brain.
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Another important benefit of placing the antenna 45 adja-
cent the lower portion 47 of the housing 21 is that this may
allow for less impact on antenna performance due to blockage
by a user’s hand. That is, users typically hold cellular phones
toward the middle to upper portion of the phone housing, and
are therefore more likely to put their hands over such an
antenna than they are an antenna mounted adjacent the lower
portion 47 of the housing 21. Accordingly, more reliable
performance may be achieved from placing the antenna 45
adjacent the lower portion 47 of the housing 21.

Still another benefit of this configuration is that it provides
more room for one or more auxiliary input/output (I/O)
devices 50 to be carried at the upper portion 46 of the housing.
Furthermore, by separating the antenna 45 from the auxiliary
1/0 device(s) 50, this may allow for reduced interference
therebetween.

Some examples of auxiliary I/O devices 50 include a
WLAN (e.g., Bluetooth, IEEE 802.11) antenna for providing
WLAN communication capabilities, and/or a satellite posi-
tioning system (e.g., GPS, Galileo, etc.) antenna for provid-
ing position location capabilities, as will be appreciated by
those skilled in the art. Other examples of auxiliary I/O
devices 50 include a second audio output transducer (e.g., a
speaker for speaker phone operation), and a camera lens for
providing digital camera capabilities, an electrical device
connector (e.g., USB, headphone, secure digital (SD) or
memory card, etc.).

It should be noted that the term “input/output” as used
herein for the auxiliary /O device(s) 50 means that such
devices may have input and/or output capabilities, and they
need not provide both in all embodiments. That is, devices
such as camera lenses may only receive an optical input, for
example, while a headphone jack may only provide an audio
output.

The device 20 further illustratively includes a display 22
carried by the housing 21 and connected to the circuitry 48.
The back button 36 and scroll wheel 37 are also connected to
the circuitry 48 for allowing a user to navigate menus, text,
etc., as will be appreciated by those skilled in the art. The
scroll wheel 37 may also be referred to as a “thumb wheel” or
a “track wheel” in some instances. The keypad 23 illustra-
tively includes a plurality of multi-symbol keys 24 each hav-
ing indicia of a plurality of respective symbols thereon. The
keypad 23 also illustratively includes an alternate function
key 25, a next key 26, a space key 27, a shift key 28, a return
(or enter) key 29, and a backspace/delete key 30.

The next key 26 is also used to enter a “*”” symbolupon first
pressing or actuating the alternate function key 25. Similarly,
the space key 27, shift key 28 and backspace key 30 are used
to enter a “0” and “#”, respectively, upon first actuating the
alternate function key 25. The keypad 23 further illustratively
includes a send key 31, an end key 32, and a convenience (i.e.,
menu) key 39 for use in placing cellular telephone calls, as
will be appreciated by those skilled in the art.

Moreover, the symbols on each key 24 are arranged in top
and bottom rows. The symbols in the bottom rows are entered
when a user presses a key 24 without first pressing the alter-
nate function key 25, while the top row symbols are entered
by first pressing the alternate function key. As seen in FIG. 2,
the multi-symbol keys 24 are arranged in the first three rows
on the keypad 23 below the send and end keys 31, 32. Fur-
thermore, the letter symbols on each of the keys 24 are
arranged to define a QWERTY layout. That is, the letters on
the keypad 23 are presented in a three-row format, with the
letters of each row being in the same order and relative posi-
tion as in a standard QWERTY keypad.
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Each row ofkeys (including the fourth row of function keys
25-29) are arranged in five columns. The multi-symbol keys
24 in the second, third, and fourth columns of'the first, second,
and third rows have numeric indicia thereon (i.e., 1 through 9)
accessible by first actuating the alternate function key 25.
Coupled with the next, space, and shift keys 26, 27, 28, which
respectively enter a “*”, “0”, and “#” upon first actuating the
alternate function key 25, as noted above, this set of keys
defines a standard telephone keypad layout, as would be
found on a traditional touch-tone telephone, as will be appre-
ciated by those skilled in the art.

Accordingly, the mobile cellular device 20 may advanta-
geously be used not only as a traditional cellular phone, but it
may also be conveniently used for sending and/or receiving
data over a cellular or other network, such as Internet and
email data, for example. Of course, other keypad configura-
tions may also be used in other embodiments. Multi-tap or
predictive entry modes may be used for typing e-mails, etc. as
will be appreciated by those skilled in the art.

Exemplary implementations of the antenna 45 are now
discussed with reference to FIGS. 3 through 10. The antenna
45 is preferably a multi-frequency band antenna which pro-
vides enhanced transmission and reception characteristics
over multiple operating frequencies. More particularly, the
antenna 45 is designed to provide high gain, desired imped-
ance matching, and meet applicable SAR requirements over a
relatively wide bandwidth and multiple cellular frequency
bands. By way of example, the antenna 45 preferably operates
over five bands, namely a 850 MHz Global System for Mobile
Communications (GSM) band, a 900 MHz GSM band, a DCS
band, a PCS band, anda WCDMA band (i.e., up to about 2100
MHz), although it may be used for other bands/frequencies as
well.

To conserve space, the antenna 45 may advantageously be
implemented in three dimensions, as seen in FIGS. 7 through
10, although it may be implemented in two-dimensional or
planar embodiments as well. The antenna 45 illustratively
includes a first section 61 on the PCB 67. A second section 62
wraps around from the PCB 67 onto an [-shaped dielectric
extension or antenna retainer frame 63 which includes a ver-
tical portion 51 extending outwardly from the PCB 67, and an
overhang portion 68 extending outwardly from the vertical
portion and above an adjacent portion of the PCB. In some
embodiments, sidewalls 55 may also be positioned on oppos-
ing ends of the L-shaped dielectric extension 63 to provide
additional support, if desired (see FIGS. 7 and 9).

The second section 62 of the antenna 45 illustratively
includes a main loop antenna conductor 64 having a gap
therein defining first and second ends 52, 53 of the main loop
conductor. The first section 61 of the antenna 45 illustratively
includes a first branch conductor 70, a second branch conduc-
tor 71, and a tuning branch conductor 72. More particularly,
the first branch conductor 70 has a first end connected adja-
cent the first end 52 of the main loop conductor 64, and a
second end defining a first feed point, which in the illustrated
example is connected to a signal source 54 (e.g., a wireless
transceiver). The second branch conductor 71 has a first end
connected adjacent the second end 53 of the main loop con-
ductor 64 and a second end defining a second feed point,
which in the illustrated example is connected to a ground
plane conductor 69 of the PCB (FIG. 8).

The tuning branch conductor 72 has a first end connected to
the main loop conductor 64 between the respective first ends
of the first and second branches. That is, the first end of the
tuning branch conductor 72 is connected to the main loop
conductor 64 at some point along the length thereof between
the first and second branch conductors 70, 71. The position of
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the branch 72 between sections 77 and 78 may conveniently
be varied without significant effect on frequency parameters.
In the present example, the main loop conductor 64 has a
generally rectangular shape with a first side including seg-
ments 75-78 and the gap, an opposing second side 74, and
opposing first and second ends 79, 80. The first and second
sections 61, 62 of the antenna 45 may be formed using printed
or patterned conductive circuit traces, as seen in FIGS. 7-10.

While the respective first ends of the first branch conductor
70, the second branch conductor 71, and the tuning branch
conductor 72 are connected to the first side of the main loop
conductor 64 in the illustrated embodiment, other configura-
tions are also possible. For example, the first end of the tuning
branch conductor 72 may be connected to the second side 74
or either of the first and second ends 79, 80.

As noted above, the second section 62 of the antenna 45
may be positioned on the vertical portion 51 of the L.-shaped
dielectric extension 63. This advantageously allows the over-
all footprint of the antenna 45 on the top (i.e., circuitry) side
of'the PCB 67 to be significantly reduced. Moreover, portions
of'the main loop conductor 64 may also wrap around onto the
overhang portion 68 of the dielectric extension 63 to provide
still further space savings. It should be noted, however, that
the antenna 45 may be implemented in two dimensions (i.e.,
where the first and second sections 61, 62 are in the same
plane), in certain embodiments if enough space is available,
and that other 3D configurations are also possible, as will be
appreciated by those skilled in the art.

The main loop conductor 64 is defined by sections 74-80.
The first branch conductor 70 may be connected to the signal
source 54 with or without a passive matching network, as will
be appreciated by those skilled in the art. The second branch
conductor 71 is preferably connected to ground without a
matching network, and the tuning branch conductor 72 is
floating (i.e., not connected to the signal source 54 or ground).

Generally speaking, the length of branches 70, 71, and 72
are used to set the center frequency of operation. The square
meandering or back-and-forth patterns of the branch conduc-
tors 70 and 72 is a tuning feature which can be used to change
electric length, which varies the center frequency. Moreover,
different shapes (i.e., tuning features) of the branches 70, 71,
72 may also be used to provide different frequencies. For
example, in addition to the meandering and straight-line
shapes illustrated in FIG. 3, other geometries which may be
used for these branches include a saw-toothed or triangular
meander 40 (FIG. 4A), a branch 41 with a loop (FIG. 43), etc.
Various other shapes and combinations thereof may also be
used to provide different frequency characteristics, as will be
appreciated by those skilled in the art.

The section 73 of the main loop conductor 64 may also be
used to control operating frequency. A variety of shapes and/
or cut-outs may be used for the section 73. Such tuning
features may include, for example, a “dog bone” 90 (FIG.
5A), a half dog bone 91 (FIG. 5B), a hairpin 92 (FIG. 5C), a
double hairpin 93 (FIG. 5D), a hairpin with a loop 94 (FIG.
5E), a meander 95 (FIG. 5F), and a sawtooth 96 (FIG. 5G).
Moreover, in some embodiments the entire main loop con-
ductor 64 may take one of the foregoing shapes or others,
rather than just a section(s) thereof.

If a circuit element is needed in certain embodiments to
adjust input impedance and/or widen bandwidth, a loop type
pattern may be used, which creates an additional resonant
tuning stage, as will be appreciated by those skilled in the art.
If adequate space is available, straight-line portions may be
used in the appropriate length. Yet, space is typically at a
premium for internal cellular device antennas, and particu-
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larly so for compact models, and thus one of the above-
described shapes (or others) will likely be preferred.

The width and shape of the section 74 influences antenna
gain. The length of section 74 also impacts the operating
frequency. However, it should be noted that the lengths of the
sections 70, 71, 72, and 73 (i.e., the length of the entire
antenna 45) also affects the operating frequency, as is the case
with a typical dipole antenna.

The main loop conductor 64 may take a plurality of shapes,
widths, and thicknesses. By way of example, the main loop
conductor 64 may also be generally circular, square, polygo-
nal, etc., although other shapes may also be used such as a
U-shape 97 (FIG. 6A), a semi-circle 98 (FIG. 6B), and a
kidney bean shape 99 (FIG. 6C).

Moreover, the section 74 may also have notches, patches,
etc. Patches may be used to add surface area so that the section
74 can shape the beam. It should be noted that, in the case of
a cellular telephone, the beam should preferably be directed
away from the telephone, i.e., perpendicular to the plane of
the PCB 37. By way of example, the width of the antenna 45
may be about 7 cm or less, the height of the first section 61
may be about 1 to 3 cm, and the height of the second section
62 may be about 1 to 3 cm depending upon the given imple-
mentation. Of course, other dimensions may also be used.

Regarding the S11 impedance characteristics of the
antenna 45, to provide wide bandwidth a good match is
needed over the frequency range of interest. Thus, it is desir-
able to shrink the S11 circle and then move the shrunken
circle to the 50 Ohm center point, as will be appreciated by
those skilled in the art. The area 73, as well as other portions
of'the antenna 45, may be used to shrink and/or move the S11
circle, which is preferably done in a distributed fashion. Fur-
ther, the matching network and meandering portions of the
antenna 45 may also be used to move the S11 circle toward the
desired 50 Ohm center point. The center of the shrunken S11
circle is less critical since it can advantageously be moved
toward the 50 Ohm point as noted above in accordance with
the present invention.

Generally speaking, the above-described antenna 45
allows various shapes and lengths to be utilized to provide
appropriate electrical lengths and current distribution. Some
shapes are simple delay lines, while other shapes are designed
to affect current in a particular area. As noted above, given
unlimited space, many of the shapes and geometries
described above may not be necessary. However, it is within
the space constrained environments of mobile wireless com-
munications devices, such as cellular telephones, where the
above-described antenna features are particularly advanta-
geous for providing desired performance over multiple oper-
ating bands.

Various changes in the basic layout of the antenna 45 may
be made in certain embodiments. By way of example, the
tuning branch 72 may be moved so that it extends from
section 74 instead of area 73. Other changes are also possible,
as will be appreciated by those skilled in the art.

The PCB 67 has a first surface on which the circuitry 48 is
positioned, and a second surface on which the ground plane
conductor 69 is positioned. Preferably, the portions of the
main loop conductor 64 on the overhang portion 68 of the
L-shaped dielectric extension 63 are relatively positioned so
as not to overlap the ground plane conductor 69. This has been
found to provide enhanced antenna performance characteris-
tics. Similarly, it is also preferable that none of the first,
second or tuning branch conductors 70, 71, 72 overlap the
ground plane conductor 69.

A first method aspect of the invention for making a mobile
wireless communications device 20 is now described with





US 8,004,469 B2

9

reference to FIG. 11. The method begins (Block 110) with
providing a housing 21 having an upper portion 46 and a
lower portion 47, a dielectric substrate 67 carried by the
housing, circuitry 48 carried by the dielectric substrate, an
audio output transducer 49 carried by the upper portion of the
housing and connected to the circuitry, and a user input inter-
face device (e.g., the keypad 23) carried by the housing and
connected to the circuitry, at Block 111. The method further
illustratively includes positioning at least one auxiliary input/
output device 50 within the upper portion 46 of the housing 21
and connected to the circuitry 48, at Block 112, and position-
ing an antenna 45 within the lower portion 47 of the housing
and comprising a pattern of conductive traces on the dielectric
substrate, at Block 113, thus concluding the illustrated
method (Block 114).

Another method aspect of the invention for making a
mobile wireless communications device 20 is now described
with reference to FIG. 12. The method begins (Block 120)
with forming an [.-shaped dielectric extension 63 comprising
a vertical portion 51 and an overhang portion 68 extending
outwardly from the vertical portion, with at least one conduc-
tive trace on the overhang portion, at Block 121. The method
further illustratively includes connecting the vertical portion
51 of the L.-shaped dielectric extension 63 to a main dielectric
substrate 67 so that the vertical portion extends outwardly
therefrom, so that the overhang portion 68 extends above an
adjacent portion of the main dielectric substrate 67, and the at
least one conductive trace does not overlap a ground plane
conductor 69 on the dielectric substrate, at Block 122. Fur-
ther, the main dielectric substrate 67 may be mounted in a
housing 21, at Block 123, thus concluding the illustrated
method (Block 124). Of course, it will be appreciated by those
of skill in the art that the order of steps described in the
above-noted methods is merely exemplary, and various steps
may be performed in different orders in different embodi-
ments.

Another example of a hand-held mobile wireless commu-
nications device 1000 that may be used in accordance with the
present invention is further described in the example below
with reference to FIG. 13. The device 1000 illustratively
includes a housing 1200, a keypad 1400 and an output device
1600. The output device shown is a display 1600, which is
preferably a full graphic LCD. Other types of output devices
may alternatively be utilized. A processing device 1800 is
contained within the housing 1200 and is coupled between
the keypad 1400 and the display 1600. The processing device
1800 controls the operation of the display 1600, as well as the
overall operation of the mobile device 1000, in response to
actuation of keys on the keypad 1400 by the user.

The housing 1200 may be elongated vertically, or may take
on other sizes and shapes (including clamshell housing struc-
tures). The keypad may include a mode selection key, or other
hardware or software for switching between text entry and
telephony entry.

In addition to the processing device 1800, other parts of the
mobile device 1000 are shown schematically in FIG. 13.
These include a communications subsystem 1001; a short-
range communications subsystem 1020; the keypad 1400 and
the display 1600, along with other input/output devices 1060,
1080, 1100 and 1120; as well as memory devices 1160, 1180
and various other device subsystems 1201. The mobile device
1000 is preferably a two-way RF communications device
having voice and data communications capabilities. In addi-
tion, the mobile device 1000 preferably has the capability to
communicate with other computer systems via the Internet.

Operating system software executed by the processing
device 1800 is preferably stored in a persistent store, such as
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the flash memory 1160, but may be stored in other types of
memory devices, such as a read only memory (ROM) or
similar storage element. In addition, system software, spe-
cific device applications, or parts thereof, may be temporarily
loaded into a volatile store, such as the random access
memory (RAM) 1180. Communications signals received by
the mobile device may also be stored in the RAM 1180.

The processing device 1800, in addition to its operating
system functions, enables execution of software applications
1300A-1300N on the device 1000. A predetermined set of
applications that control basic device operations, such as data
and voice communications 1300A and 1300B, may be
installed on the device 1000 during manufacture. In addition,
a personal information manager (PIM) application may be
installed during manufacture. The PIM is preferably capable
of organizing and managing data items, such as e-mail, cal-
endar events, voice mails, appointments, and task items. The
PIM application is also preferably capable of sending and
receiving data items via a wireless network 1401. Preferably,
the PIM data items are seamlessly integrated, synchronized
and updated via the wireless network 1401 with the device
user’s corresponding data items stored or associated with a
host computer system.

Communication functions, including data and voice com-
munications, are performed through the communications
subsystem 1001, and possibly through the short-range com-
munications subsystem. The communications subsystem
1001 includes a receiver 1500, a transmitter 1520, and one or
more antennas 1540 and 1560. In addition, the communica-
tions subsystem 1001 also includes a processing module,
such as a digital signal processor (DSP) 1580, and local
oscillators (LLOs) 1601. The specific design and implementa-
tion of the communications subsystem 1001 is dependent
upon the communications network in which the mobile
device 1000 is intended to operate. For example, a mobile
device 1000 may include a communications subsystem 1001
designed to operate with the Mobitex™, Data TAC™ or
General Packet Radio Service (GPRS) mobile data commu-
nications networks, and also designed to operate with any of
a variety of voice communications networks, such as AMPS,
TDMA, CDMA, PCS, GSM, etc. Other types of data and
voice networks, both separate and integrated, may also be
utilized with the mobile device 1000.

Network access requirements vary depending upon the
type of communication system. For example, in the Mobitex
and DataTAC networks, mobile devices are registered on the
network using a unique personal identification number or PIN
associated with each device. In GPRS networks, however,
network access is associated with a subscriber or user of a
device. A GPRS device therefore requires a subscriber iden-
tity module, commonly referred to as a SIM card, in order to
operate on a GPRS network.

When required network registration or activation proce-
dures have been completed, the mobile device 1000 may send
and receive communications signals over the communication
network 1401. Signals received from the communications
network 1401 by the antenna 1540 are routed to the receiver
1500, which provides for signal amplification, frequency
down conversion, filtering, channel selection, etc., and may
also provide analog to digital conversion. Analog-to-digital
conversion of the received signal allows the DSP 1580 to
perform more complex communications functions, such as
demodulation and decoding. In a similar manner, signals to be
transmitted to the network 1401 are processed (e.g. modu-
lated and encoded) by the DSP 1580 and are then provided to
the transmitter 1520 for digital to analog conversion, fre-
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quency up conversion, filtering, amplification and transmis-
sion to the communication network 1401 (or networks) via
the antenna 1560.

In addition to processing communications signals, the DSP
1580 provides for control of the receiver 1500 and the trans-
mitter 1520. For example, gains applied to communications
signals in the receiver 1500 and transmitter 1520 may be
adaptively controlled through automatic gain control algo-
rithms implemented in the DSP 1580.

In a data communications mode, a received signal, such as
a text message or web page download, is processed by the
communications subsystem 1001 and is input to the process-
ing device 1800. The received signal is then further processed
by the processing device 1800 for an output to the display
1600, or alternatively to some other auxiliary I/O device
1060. A device user may also compose data items, such as
e-mail messages, using the keypad 1400 and/or some other
auxiliary /O device 1060, such as a touchpad, a rocker
switch, a thumb-wheel, or some other type of input device.
The composed data items may then be transmitted over the
communications network 1401 via the communications sub-
system 1001.

In a voice communications mode, overall operation of the
device is substantially similar to the data communications
mode, except that received signals are output to a speaker
1100, and signals for transmission are generated by a micro-
phone 1120. Alternative voice or audio I/O subsystems, such
as a voice message recording subsystem, may also be imple-
mented on the device 1000. In addition, the display 1600 may
also be utilized in voice communications mode, for example
to display the identity ofa calling party, the duration of a voice
call, or other voice call related information.

The short-range communications subsystem enables com-
munication between the mobile device 1000 and other proxi-
mate systems or devices, which need not necessarily be simi-
lar devices. For example, the short-range communications
subsystem may include an infrared device and associated
circuits and components, or a Bluetooth™ communications
module to provide for communication with similarly-enabled
systems and devices.

Many modifications and other embodiments of the inven-
tion will come to the mind of one skilled in the art having the
benefit of the teachings presented in the foregoing descrip-
tions and the associated drawings. Therefore, it is understood
that the invention is not to be limited to the specific embodi-
ments disclosed, and that modifications and embodiments are
intended to be included within the scope of the appended
claims.

That which is claimed is:

1. A mobile wireless communications device comprising:

a processor and wireless transceiver circuitry coupled
thereto; and

an antenna coupled to said wireless transceiver circuitry
and comprising

a main loop conductor with a gap therein defining first
and second ends of said main loop conductor,

a first branch conductor having a first end connected
adjacent the first end of said main loop conductor and
having a second end defining a first feed point coupled
to said wireless transceiver circuitry,

a second branch conductor having a first end connected
adjacent the second end of said main loop conductor
and a second end defining a second feed point coupled
to said wireless transceiver circuitry, and

a tuning branch conductor having a first end connected
to said main loop conductor.
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2. The mobile wireless communications device of claim 1
wherein said wireless transceiver circuitry is operable over
multiple frequency bands.

3. The mobile wireless communications device of claim 2
wherein said antenna comprises a multiple frequency band
antenna operable over the multiple frequency bands of said
wireless transceiver circuitry.

4. The mobile wireless communications device of claim 1
wherein said processor performs at least one electronic mail
function.

5. The mobile wireless communications device of claim 1
wherein said main loop conductor includes non-planar por-
tions.

6. The mobile wireless communications device of claim 1
wherein said antenna comprises a dielectric substrate and a
pattern of conductive traces thereon.

7. The mobile wireless communications device of claim 1
wherein said main loop conductor has at least one tuning
feature therein.

8. The mobile wireless communications device of claim 1
wherein said first branch conductor comprises at least one
tuning feature therein.

9. The mobile wireless communications device of claim 1
wherein said second branch conductor comprises at least one
tuning feature therein.

10. The mobile wireless communications device of claim 1
wherein said tuning branch conductor comprises at least one
tuning feature therein.

11. A mobile wireless communications device comprising:

a processor and wireless transceiver circuitry coupled

thereto, said wireless transceiver circuitry operable over

multiple frequency bands; and

amultiple frequency band antenna coupled to said wireless

transceiver circuitry and being operable over the mul-

tiple frequency bands thereof, said multiple frequency
band antenna comprising

a main loop conductor with a gap therein defining first
and second ends of said main loop conductor, said
main loop conductor including non-planar portions,

a first branch conductor having a first end connected
adjacent the first end of said main loop conductor and
having a second end defining a first feed point coupled
to said wireless transceiver circuitry,

a second branch conductor having a first end connected
adjacent the second end of said main loop conductor
and a second end defining a second feed point coupled
to said wireless transceiver circuitry, and

a tuning branch conductor having a first end connected
to said main loop conductor.

12. The mobile wireless communications device of claim
11 wherein said processor performs at least one electronic
mail function.

13. The mobile wireless communications device of claim
11 wherein said antenna comprises a dielectric substrate and
a pattern of conductive traces thereon.

14. The mobile wireless communications device of claim
11 wherein said main loop conductor has at least one tuning
feature therein.

15. The mobile wireless communications device of claim
11 wherein said first branch conductor comprises at least one
tuning feature therein.

16. The mobile wireless communications device of claim
11 wherein said second branch conductor comprises at least
one tuning feature therein.

17. The mobile wireless communications device of claim
11 wherein said tuning branch conductor comprises at least
one tuning feature therein.
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18. A method for making a mobile wireless communica-
tions device comprising:
providing a processor and wireless transceiver circuitry
coupled thereto; and
forming and coupling an antenna to the wireless trans-
ceiver circuitry, the antenna comprising

a main loop conductor with a gap therein defining first
and second ends of the main loop conductor,

a first branch conductor having a first end connected
adjacent the first end of the main loop conductor and
having a second end defining a first feed point to be
coupled to the wireless transceiver circuitry,

a second branch conductor having a first end connected
adjacent the second end of the main loop conductor
and a second end defining a second feed point to be
coupled to the wireless transceiver circuitry, and

15

14

a tuning branch conductor having a first end connected
to the main loop conductor.

19. The method of claim 18 wherein the wireless trans-
ceiver circuitry is operable over multiple frequency bands.

20. The method of claim 19 wherein the antenna comprises
amultiple frequency band antenna operable over the multiple
frequency bands of the wireless transceiver circuitry.

21. The method of claim 18 wherein the processor per-
forms at least one electronic mail function.

22. The method of claim 18 wherein the main loop con-
ductor includes non-planar portions.

23. The method of claim 18 wherein the antenna comprises
a dielectric substrate and a pattern of conductive traces
thereon.
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1
MULTIBAND OMNIDIRECTIONAL
ANTENNA

FIELD OF THE INVENTION

The present invention relates to a multiband omnidirec-
tional antenna, in particular for installation in a vehicle body.

BACKGROUND INFORMATION

Modern vehicles are increasingly equipped with radio and
communication devices which need suitable antenna struc-
tures for transmitting and receiving radio signals. If possible,
the antenna structures should not protrude from the vehicle
body, because they could interfere with the design of the
vehicle shell. For this reason it is desirable to install antenna
structures into the body in such a way that they do not pro-
trude beyond the vehicle shell. This is known already for
reception systems such as radio and TV reception systems
which to some extent use multiple antennas to obtain a
desired omnidirectional reception. Moreover, amplifiers are
used in order to be able to keep the losses, caused by the
maladjustment to typical antenna cables, low or even equalize
them.

However, for cellular radio systems, for example, the use of
an amplifier for impedance adjustment is generally too
expensive; that is why the antenna structures were previously
provided with suitable impedances which, however, for lack
of'space had to be installed in such a way that they protruded
beyond the vehicle shell.

Therefore, it is an object of the exemplary embodiments
and/or exemplary methods of the present invention to provide
a multiband omnidirectional antenna for use in cellular radio
systems whose impedance may be adjusted and which has a
low installation height so that it may be placed within the
vehicle shell.

SUMMARY OF THE INVENTION

This object is achieved by the multiband omnidirectional
antenna described herein.

Additional advantageous embodiments of the present
invention are also described herein.

According to the exemplary embodiments and/or exem-
plary methods of the present invention, a multiband omnidi-
rectional antenna is provided having a grounded face and an
antenna element situated parallel to the grounded face. The
antenna element has a first planar emitter which has a planar
design and extends parallel to the grounded face, and a second
planar emitter which surrounds the first planar emitter at a
distance. Moreover, the antenna element includes at least two
connecting elements which connect the first planar emitter
and the second planar emitter to one another.

In this way, a multiband omnidirectional antenna may be
provided which has a low installation height and is thus
suitable for installation in a vehicle shell without protruding
from it.

The first planar emitter and the second planar emitter may
be coplanar to one another.

The connecting elements may essentially be situated on
opposite edges of the first planar emitter to obtain a suitable
current distribution in the planar emitters.

The first planar emitter may be rectangular and the second
planar emitter has a rectangular border, the second planar
emitter surrounding the edge of the first planar emitter at a
distance so that the second planar emitter may be designed as
a circumferential strip around the first planar emitter.
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According to an exemplary embodiment, a third planar
emitter may be provided which surrounds the second planar
emitter at a wider distance and is designed, in particular, to be
rectangular and coplanar with the first planar emitter and the
second planar emitter, the connecting elements each connect-
ing the first, the second, and the third planar emitters to one
another.

In particular, at least one of the connecting elements may
have an electronic component to make it possible to exactly
adjust the impedances of the multiband omnidirectional
antenna.

Furthermore, the omnidirectional antenna may have a
ground connection structure for connecting the grounded face
to the antenna element and a supply connection structure to
supply the antenna element with a transmitting signal.

The ground connection structure may be planar, in particu-
lar rectangular or trapezoidal, and contacts the first planar
emitter with an edge along a ground connection area on the
first planar emitter. The ground connection area runs essen-
tially parallel to the edge of the first planar emitter, to which
one of the connection elements is connected.

According to a further specific embodiment of the present
invention, the supply connection structure may have a planar,
in particular a circle segment-shaped, in particular a semicir-
cular or an ellipse segment-shaped, in particular semiellipti-
cal design. The supply connection structure contacts the first
planar emitter at its straight edge along a supply connection
area on the first planar emitter, the supply connection area
running essentially parallel to an edge of the first planar
emitter, to which another one of the connection elements is
connected.

At least one of the supply connection area and the ground
connection area may extend within a plane formed by contact
points of the connection elements with the first planar emitter.

Exemplary embodiments of the present invention are
described in greater detail in the following based on the
enclosed drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top view onto the multiband omnidirec-
tional antenna according to an exemplary embodiment of the
present invention.

FIG. 2 shows a sectional view through the multiband omni-
directional antenna of FIG. 1 along section line A-A.

FIG. 3 shows a sectional view through the multiband omni-
directional antenna of FIG. 1 along section line B-B.

FIG. 4 shows a sectional view through the multiband omni-
directional antenna of FIG. 1 along sectional line C-C.

DETAILED DESCRIPTION

FIG. 1 shows a top view onto a multiband omnidirectional
antenna 1 according to an exemplary embodiment of the
present invention. Multiband omnidirectional antenna 1 has a
grounded face 2 which has a conductive, in particular metal-
lic, surface. A planar antenna element 3, which is also made of
a conductive material and has a conductive surface, is situated
essentially plane-parallel at a certain first distance above the
surface of grounded face 2. Antenna element 3 may be manu-
factured as a stamped part in particular.

Planar antenna element 3 has a first planar emitter 4 which
has an essentially square, which may be a rectangle, shape.
First planar emitter 4 is surrounded by a second planar emitter
5 whose outer edges also form a rectangle. Second planar
emitter 5 surrounds the first planar emitter which may be at a
predefined second distance so that a slot 6 is formed between
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first planar emitter 4 and second planar emitter 5. First planar
emitter 4 and second planar emitter 5 are connected to one
another via connection elements 7, the connection elements
being situated on opposite edges of first planar emitter 4 and
thus forming an electrical connection between first planar
emitter 4 and second planar emitter 5.

First and second planar emitters 4, 5 each have different
impedances and are thus optimized for different transmission
frequencies. The dimensions of the first planar emitter and the
second planar emitter, the distance between the first planar
emitter and the second planar emitter, and the size of connec-
tion elements 7 are coordinated in order to set the impedance
of the respective planar emitter 4, 5.

First planar emitter 4 has a ground connection area 8 to
provide antenna element 3 with a ground potential, and a
supply connection area 9 to provide antenna element 3 with
the transmission signal or the transmission signals. To apply
the ground potential to antenna element 3, a ground connec-
tion element 10 (see FIG. 2) is provided which is situated
between antenna element 3 and grounded face 2. Ground
connection element 10 is used as a spacer element between
grounded face 2 and antenna element 3 and is planar and
designed as a bar which is connected to grounded face 2 and
ground connection area 8 of antenna element 3. Ground con-
nection element 10 has a quadrangular, in particular rectan-
gular or trapezoidal, design. Ground connection area 8 has an
essentially oblong design so that an edge of ground connec-
tion element 10 is in contact with it. A trapezoidal embodi-
ment of ground connection element 10 is shown in FIG. 3, for
example, which shows a sectional view through the multi-
band omnidirectional antenna of FIG. 1 along sectional line
B-B.

A supply connection element 11, which protrudes from
antenna element 3 in particular at a right angle in the direction
of grounded face 2, is situated in supply connection area 9 in
such a way that supply connection element 11 is situated
between antenna element 3 and grounded face 2. Supply
connection element 11 may be a circle segment-shaped or
ellipse segment-shaped, in particular semicircular or semiel-
liptical, and its straight edge is in contact with supply con-
nection area 9 of antenna element 3. However, supply con-
nection element 11 is not in contact with grounded face 2, but
rather has a contact point 12 on its curved edge which may be
on its end facing grounded face 2 via which the transmission
signal is supplied to antenna element 3. The semicircular or
semielliptical design of supply connection element 11 makes
an appropriate current distribution in antenna element 3 pos-
sible. Multiband omnidirectional antenna 1 is connected, for
example, by connecting a coaxial cable (not shown) in the
area of supply connection element 11 in such a way that the
inner conductor of the coaxial cable is connected to contact
point 12 and the outer conductor is connected to grounded
face 2.

First and second planar emitters 4, 5 may have a square or
rectangular cross section. In the present exemplary embodi-
ment, first planar emitter 4 is essentially rectangular, connect-
ing elements 7 being situated on its shorter edges. Connecting
elements 7 may be in the form of a bar whose contact length
with first planar emitter 4 is shorter than the overall length of
the shorter edge of rectangular first planar emitter 4. Further-
more, connecting elements 7 are connected to first planar
emitter 4 in such a way that, with regard to a symmetry line,
they are symmetrical along a center line. Second planar emit-
ter 5 may be symmetrically situated along this symmetry line.
First planar emitter 4, connecting elements 7, and second
planar emitter 5 may be manufactured integrated, from a
stamped part, for example. However, it may also be provided
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that first and second planar emitters 4, 5 are designed to be
separated from one another and connecting elements 7 are
designed in the form of electronic components, e.g., in the
form of aresistor, an inductor and/or a capacitor in order to set
the necessary impedance of antenna element 3.

Ground connection area 8 and supply connection area 9 are
situated in first planar emitter 4 and run essentially parallel to
the longitudinal dimension of connecting elements 7. Ground
connection area 8 and supply connection area 9 may be situ-
ated in the proximity of the respective shorter edge of first
planar emitter 4, may be at a distance from the shorter edge
which is between 0% to 20% of the length of the longer edge
of first planar emitter 4. Ground connection area 8 is thus
situated close to a first shorter edge of first planar emitter 4 in
the area of a first of connecting elements 7 and supply con-
nection area 9 is situated close to a second shorter edge of first
planar emitter 4 in the area of a second of the connecting
elements.

Connection areas 8, 9 essentially run with their longitudi-
nal dimension parallel to the respective shorter edge of first
planar emitter 4 and within a surface which is formed by the
ends of'a contact line between one of the respective connect-
ing elements 7 and first planar emitter 4. The two planar
emitters 4, 5 are electrically connected essentially via two
bar-shaped connecting elements 7 whose shared symmetry
line and the symmetry line of the ground connection area and
the supply connection area form a shared plane.

In order to be able to set more than two favored transmis-
sion frequencies, further planar emitters may be provided in
addition to first and second planar emitters 4,5 which extend
coplanarly and two-dimensionally around the outer edge of
the second planar emitter at a certain farther distance, con-
necting elements 7 connecting first and second planar emit-
ters 4,5 and all other planar emitters to one another.

What is claimed is:

1. A multiband omnidirectional antenna, comprising:

a grounded face;

an antenna element situated parallel to the grounded face;

wherein the antenna element includes a first planar emitter,
which has a planar design and extends parallel to the
grounded face, a second planar emitter, which surrounds
the first planar emitter at a distance, and at least two
connection elements for connecting the first and the
second planar emitters to each other, the connection
elements being essentially situated on, and running
alongside, opposite edges of the first planar emitter;

a ground connection structure to physically connect the
grounded face to the antenna element, and to support the
antenna element, the ground connection structure
located near, and running substantially parallel to, a first
one of the connection elements; and

a supply connection structure to supply the antenna ele-
ment with a transmission signal via a contact point that
does not provide any substantial physical support for the
antenna element, the supply connection structure
located near, and running substantially parallel to, a
second one of the connection elements;

wherein the dimensions of the first planar emitter and the
second planar emitter, the distance between the first
planar emitter and the second planar emitter, and the size
ofthe connection elements are all selected to provide the
first planar emitter and the second planar emitter with
predetermined impedances that differ from one another.

2. The omnidirectional antenna of claim 1, wherein the first

and the second planar emitters are coplanar with respect to
each other.
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3. The omnidirectional antenna of claim 1, wherein the first
planar emitter has a rectangular design and the second planar
emitter has a rectangular border.

4. The omnidirectional antenna of claim 1, wherein a third
planar emitter surrounds the second planar emitter at a farther
distance and is rectangular and coplanar with respect to the
first and the second planar emitters, the connection elements
connecting the first, second, and third planar emitters to one
another.

5. The omnidirectional antenna of claim 1, wherein at least
one of the connection elements has an electronic component
that includes at least one of a resistor, an inductor and a
capacitor, each electronic component contributing to an pre-
determined impedance of the antenna element.

6. The omnidirectional antenna of claim 1, wherein the
ground connection structure includes a planar rectangular or

6

trapezoidal arrangement and contacts the first planar emitter
with an edge along a ground connection area on the first
planar emitter, the ground connection area running essen-
tially parallel to the edge of the first planar emitter, to which
the first one of the connection elements is connected.

7. The omnidirectional antenna of claim 1, wherein the
supply connection structure has a planar circle segment-
shaped or a semicircular segment shaped, an ellipse segment-
shaped, or a semielliptical segment shaped arrangement and
contacts the first planar emitter with a straight edge along a
supply connection area on the first planar emitter, the supply
connection area running essentially parallel to the edge of the
first planar emitter, to which the second one of the connection
elements is connected.
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ANTENNA FOR PORTABLE TERMINAL AND
PORTABLE TERMINAL USING SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

Japanese Application 2003-040167, filed Feb. 18, 2003
including the specification, drawings, claims and abstract, is
incorporated herein by reference in its entirety. This applica-
tion is a U.S. National Stage of PCT/JP2004/001677, filed
Feb. 17, 2004, including the specification, drawings, claims
and abstract, is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

This invention relates to an antenna for a portable terminal
and a portable terminal including such an antenna.

BACKGROUND ART

As portable terminals of this type, various devices such as
portable telephones and PDAs have been proposed and
widely spread. Normally, radio devices each comprising a
transmitter and a receiver are mounted in the portable termi-
nals for performing data communications with databases or
the like or voice communications by radio. In order to per-
form the radio communications, these portable terminals are
essentially provided with antennas, respectively.

In this case, in order to enable reception even when the
portable terminals are placed in any states, i.e. in order to
ensure mobility of the portable terminals, the antennas of the
portable terminals are normally nondirectional antennas.
Therefore, as described above, these antennas are designed so
as not to impede the advantages of the portable terminals,
such as the mobility.

As the nondirectional antennas for the portable terminals,
use has conventionally been made of quarter-wave grounded
antennas. Further, as described in Japanese Patent (JP-B) No.
2554762 (Patent Document 1), there has been proposed an
antenna having a structure of a combination of a quarter-wave
grounded antenna and a helical antenna and thus contrived to
exhibit excellent reception sensitivity both during communi-
cation and while on standby. The antennas of the portable
terminals are each normally used for both transmission and
reception.

Further, as antennas for miniaturizing the portable termi-
nals, there are spreading dielectric resonator antennas each
using a dielectric with a large permittivity to thereby utilize a
wavelength shortening effect of shortening the wavelength to
INED).

In order to further miniaturize such dielectric resonator
antennas, there are also those antennas each miniaturized by
dividing in half the dielectric at an electric field symmetrical
plane in a resonant state of a signal in the dielectric and
contacting a divided surface thereof with a conductive plate or
grounding it via an insulator to thereby utilize the mirror-
image effect of an electric field by the conductive plate. These
dielectric resonator antennas are also all nondirectional.

Japanese Unexamined Patent Application Publication (JP-
A) No. H11-308039 (Patent Document 2), Japanese Unex-
amined Patent Application Publication (JP-A) No. 2000-
209020 (Patent Document 3), and Japanese Unexamined
Patent Application Publication (JP-A) No. 2000-209019
(Patent Document 4) disclose dielectric resonator antennas.

However, these Patent Documents 2, 3, and 4 each only
propose the dielectric resonator antenna that can be improved
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in characteristics by using a dielectric having a high relative
permittivity and improving the mounting and shape of the
dielectric, but discuss nothing about improving a material of
the dielectric forming the dielectric resonator antenna, or the
like.

On the other hand, Japanese Unexamined Patent Applica-
tion Publication (JP-A) No. H10-107537 (Patent Document
5) discloses a surface-mount type antenna having a radiation
electrode, a feeding electrode, and a ground electrode formed
on a substrate made of a dielectric, which radiates a radio
wave by using capacitive coupling between the radiation elec-
trode and the feeding electrode. This publication shows the
surface-mount type antenna that can achieve desired charac-
teristics even if there is variation in relative permittivity and
relative permeability of the substrate and in electrode pattern.

However, this publication refers to nothing about a dielec-
tric resonator antenna that emits an electromagnetic wave to
the exterior by radiating a radio wave into a resonator formed
by a dielectric so that the radiated radio wave resonates in the
dielectric.

Here, the power most consumed in such portable terminals
is transmission power including consumption power of the
transmitters. As described before, the antennas of the portable
terminals have the nondirectivity as radio wave radiation
characteristics thereof for ensuring the mobility of the por-
table terminals. When the nondirectional antenna is used in
this manner, since the portable terminal radiates a radio wave,
i.e. transmits the power, in all directions including the direc-
tions where no base station exists, this serves as a cause of
shortening the battery life in the portable terminal.

As a method for solving the foregoing problem, consider-
ation is given to a method of transmitting the power only in a
desired direction where the base station exists. By giving the
directivity to the antenna of the portable terminal in this
manner, it is possible to reduce the transmission power. By the
use of the directional antenna, it is possible to realize the
battery life that cannot be achieved by the technique using the
conventional nondirectional antenna.

As the antenna that is capable of directional transmission,
there is a phased array antenna, an adaptive array antenna, or
the like. However, in order to use such an antenna, there arises
aproblem that since the antenna is designed with respect to a
wavelength in the air, it cannot be mounted to a portable
terminal or the like without miniaturizing the antenna itself.

In order to miniaturize the antenna itself, there is the
method of using the dielectric resonator antenna as shown in
the foregoing Patent Documents 2 to 4. For the miniaturiza-
tion of the antenna, it is necessary to use a dielectric having a
higher permittivity. There has arisen a problem that the
change in impedance at a resonant frequency increases (the Q
of'the resonance increases) to narrow the band of the antenna.

Further, there has arisen a problem that when placing an
antenna on a conductive plate and miniaturizing the antenna,
since there is a high permittivity layer, forming a resonator,
between an electrode and the conductive plate, the parasitic
capacitance increases to narrow the band of the antenna.

When the band of the antenna is narrowed as described
above, it is possible to broaden the band by performing
matching by a matching circuit that serves to supply the
power to the antenna. However, there has arisen a problem
that since the band of the antenna itself is narrow, the power
loss in the matching circuit increases to reduce the battery life
of the portable terminal. That is, with respect to the conven-
tional dielectric resonator antenna, the band of the antenna
itself is narrow and, as a result thereof, there is a drawback
that the loss in the matching circuit is large.
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Further, since there is difficulty in realizing the efficient
miniature antenna as described above, it is hard to adopt the
structure of the array antenna or the like and, therefore, there
is a problem that it is difficult to control the directivity of the
portable terminal to thereby reduce the transmission power.

DISCLOSURE OF THE INVENTION

In view of the foregoing problems, it is an object of this
invention to provide a miniaturizable antenna for a portable
terminal at a low cost.

It is another object of this invention to provide a portable
terminal that can reduce the transmission power to improve
the battery life.

A specific object of this invention is to provide a dielectric
resonator antenna that can be used as an antenna for a portable
terminal, which is capable of lowering the consumption
power by reducing a loss in a matching circuit.

It is another object of this invention to provide a dielectric
resonator antenna that can prevent a reduction in efficiency
when it is mounted to a portable terminal.

It is still another object of this invention to provide a dielec-
tric resonator antenna that can realize low consumption
power by giving directivity thereto.

It is another object of this invention to provide a method of
designing a dielectric resonator antenna having a broad band.

According to this invention, there is provided an antenna
being capable of reducing a loss in a matching circuit by
broadening a band thereof. For this end, a resonator antenna
of'this invention has an electrode outside or inside an insulator
material and emits a radio wave to the exterior by resonating
a signal supplied into the insulator material from the elec-
trode, and is characterized in that a relative permeability pra
of' the insulator material is pra>1. Herein, the relative perme-
ability being pra>1 represents that the relative permeability
ura is greater than 1 when a fraction below decimal point is
rounded off.

On the other hand, when a first mode on the low frequency
side and a second mode on the high frequency side at reso-
nance peaks are observed as resonant modes of the antenna,
the second mode becomes strong when ira is large, while, the
first mode becomes strong when €ra is large. Therefore, it is
preferable that pra and €ra be approximately equal to each
other and it is more preferable that values of pra and Era be
adjusted so that the band can be broadened by superimposing
the respective modes.

yra and €ra being approximately equal to each other in this
invention represents that, as shown in FIG. 9, half frequencies
of'the resonance peaks of the first mode on the low frequency
side and the second mode on the high frequency side are
partly shared in frequency vs. antenna input impedance char-
acteristics.

Further, the resonator antenna of this invention is charac-
terized by being mounted on a conductive plate, operating as
a reflecting plate, in a manner to contact therewith or via an
insulator having a relative permittivity Era>1.

Further, the antenna with the reflecting plate of this inven-
tion is characterized in that, given that a relative permeability
is urr and a relative permittivity is €rr, a magneto-dielectric
layer with wrr=€Err is provided on a surface, opposite to an
antenna mounting surface, of the reflecting plate.

A portable terminal of this invention is characterized by
comprising the foregoing antenna and, particularly, it is pref-
erable that a plurality of the foregoing antennas be mounted.

Hereinbelow, the operation of this invention will be
described.
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According to the resonator antenna of this invention, since
the relative permeability pra of the dielectric (insulator) form-
ing an antenna element is pra>1, it is possible to increase a
wavelength shortening coefficient V(€ra-ura) (note: since in-
resonator wavelength Ar=3x10® [m/s)/f [Hz]V(Erur) and
space wavelength A0=3x10® [m/s]/f [Hz], when the respec-
tive wavelengths are substituted for wavelength shortening
coefficient=A0/Ar, the wavelength shortening coefficient can
be derived as the square root of the product of the relative
permeability and the relative permittivity) of an electromag-
netic wave in the resonator and, as compared with the case
where use is made of a general dielectric having pra=1, the
relative permittivity can be reduced. This makes it possible to
reduce the impedance change at the time of resonance and
thus realize broadening of the band of the antenna.

Although the ranges of the relative permittivity and the
relative permeability are properly selected depending on
communication frequencies, communication band, allowable
component volumes, and so on, since the antenna gain is
reduced when a short side of the antenna element becomes too
small, they are preferably 200 or less and more preferably 100
or less, respectively. Further, as the wavelength shortening
coefficient, referring to FIG. 10, since the frequency range of
the portable terminal is 800 MHz to 5.2 GHz, it is 200 or less
when the short side of the resonator is 1 mm, 100 or less when
2 mm, and about 50 to 3 when the short side of the resonator
is set to about 5 mm or more for preventing the reduction in
gain.

Further, according to the resonator antenna of this inven-
tion, the dielectric forming the antenna is mounted on a con-
ductive plate in a manner to directly contact therewith or via
an insulator with Erd>1.

In this case, the mirror-image effect of an electric field can
be utilized at the electric field symmetrical plane to thereby
enable miniaturization of the antenna and, further, since the
permittivity of the antenna itself can be reduced by the effect
of the permeability, the impedance change at the time of
resonance can be reduced to thereby enable broadening of the
band.

Moreover, according to the antenna of this invention, the
magneto-dielectric layer having a relationship of pwrr=&rr
where €rr represents the relative permeability and Err the
relative permittivity, is provided on the surface, opposite to
the antenna mounting surface, of the reflecting plate. There-
fore, the mirror-image effect is produced with respect to a
magnetic field, thereby enabling an improvement in reflection
characteristics and thus in antenna gain. Therefore, the radio
wave can reach a base station with small power so that the
battery life of the portable terminal can be improved.

When the antenna of this invention is employed in the
portable terminal, since the antenna element itself is broad-
band, it is possible to reduce the loss in the matching circuit
and therefore improve the battery life of the portable terminal.

Further, when a plurality of antennas of this invention are
employed in the portable terminal, since each antenna is
highly efficient while being small in size, an array antenna can
be efficiently formed so that the direction of the radio wave
transmitted from the portable terminal can be controlled.
Therefore, it is possible to suppress radiation of the radio
wave in a direction opposite to the base station to thereby
achieve the effective utilization of the power so that the bat-
tery life of the portable terminal can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a magneto-dielec-
tric resonator antenna according to an embodiment 1 of this
invention.
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FIG. 2 is a characteristic diagram showing the input imped-
ance ofthe magneto-dielectric resonator antenna with respect
to signal frequency in the embodiment 1 of this invention.

FIG. 3 is a characteristic diagram showing the input imped-
ance of a magneto-dielectric resonator antenna with respect
to signal frequency in the case where use is made of a mag-
neto-dielectric having different composition components, in
the embodiment 1 of this invention.

FIG. 4 is a schematic diagram showing a resonator antenna
using a magneto-dielectric according to an embodiment 2 of
this invention.

FIG. 5 is a characteristic diagram showing changes in real
part of the input impedance with respect to normalized fre-
quency normalized by a resonant frequency in the embodi-
ment 2 of this invention.

FIG. 6 is a schematic diagram showing a resonator antenna
using a magneto-dielectric according to an embodiment 3 of
this invention.

FIG. 7 is a schematic diagram showing a portable terminal
in an embodiment 4 of this invention.

FIG. 8 is a characteristic diagram showing a radio wave
radiation pattern of the portable terminal in the embodiment 4
of this invention.

FIG. 9 is a characteristic diagram showing frequency vs.
antenna input impedance characteristics in an antenna of this
invention.

FIG. 10 is a diagram showing a relationship between fre-
quency (MHz) and wavelength shortening coefficient,
wherein there are shown wavelength shortening coefficients
when the length of a short side of a resonator forming an
antenna of this invention is changed.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiment 1

A resonator antenna according to an embodiment 1 of this
invention will be described with reference to FIG. 1. FIG. 1is
a schematic diagram showing the resonator antenna accord-
ing to the embodiment 1, wherein there are included a dielec-
tric (insulator) 20 forming a resonator and a feeding electrode
22 for feeding the power to the resonator.

When manufacturing the illustrated magneto-dielectric 20,
cobalt powder with a diameter of 50 nm and BST (barium
strontium titanate) powder with a diameter of 0.5 um were
prepared and both powders were dispersed into an epoxy
resin. In this case, 50 vol % cobalt and 10 vol % BST powder
were dispersed with respect to the epoxy resin, then subjected
to burning at 200° C. for one hour, and formed into a shape
with a width of 14 mm, a length of 15 mm, and a thickness of
5.9 mm, thereby obtaining the illustrated dielectric 20. As a
result of measuring the permittivity and permeability of this
dielectric material by the cavity resonator method, Era=11
and pra=9 so that a wavelength shortening coefficient of about
10 was obtained.

Then, by the use of silver paste, the feeding electrode 22
having a width of 0.5 mm was formed on a long-side surface
of a rectangular parallelepiped by the photolithography
method, thereby forming the magneto-dielectric antenna
shown in FIG. 1.

FIG. 2 shows frequency characteristics of the impedance
when a signal is supplied to the feeding electrode 22 by the
use of a network analyzer. In FIG. 2, the real part of the input
impedance is plotted against frequency and, for comparison,
the impedance of an antenna of the same size made of BST
(Era=100, pra=1) is shown.
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By the inclusion of the magnetic material, a resonant mode
on the low frequency side and a resonant mode on the high
frequency side were excited at substantially the same fre-
quencies so that the band of the antenna was able to be
broadened.

In order to understand the effect of this invention in more
detail, cobalt powder and BST powder were dispersed into an
epoxy resin in the ratio of 30 vol % and 20 vol %, respectively,
thereby obtaining a magneto-dielectric 20 having €ra=20 and
ura=5. Like in the case of the foregoing dielectric 20, a feed-
ing electrode with a width of 0.5 mm was formed on this
magneto-dielectric 20 by the use of silver paste, thereby
obtaining a resonator antenna.

FIG. 3 shows characteristics of the real part of the input
impedance of this resonator antenna with respect to fre-
quency. It is understood that a resonant mode on the low
frequency side and a resonant mode on the high frequency
side exist in a separated state in terms of frequency. That is, it
is understood that the resonant frequency can be controlled by
controlling pra.

According to the resonator antenna of this invention using
the magneto-dielectric, the resonator is made of the magneto-
dielectric formed by mixing together the dielectric and the
magnetic material, wherein the resonant frequency can be
controlled by controlling Era and pra and, further, the reso-
nant modes can be superimposed by setting €ra and pra to be
substantially equal to each other, thereby enabling the band of
the antenna to be broadened.

Further, according to the resonator antenna of this inven-
tion, by introducing the magnetic material into the dielectric,
the permittivity can be reduced and thus the Q value of the
resonance can be lowered while maintaining the wavelength
shortening coefficient given by v(Era-ura), thereby enabling
the band to be broadened.

Further, when the resonator antenna of this invention is
mounted to a portable terminal, since the band of the antenna
itself can be broadened, a loss in a matching circuit can be
reduced so that it is possible to improve the battery life.

Embodiment 2

Referring to FIG. 4, description will be given of a resonator
antenna using a magneto-dielectric in an embodiment 2 of
this invention.

The resonator antenna according to the embodiment 2
shown in FIG. 4 comprises a resonator formed by a magneto-
dielectric 20, which resonates a signal and emits it as a radio
wave into the space, a feeding electrode 22 for feeding a
signal to the resonator, a printed wiring board 24 for mounting
thereon a body of the resonator, and a metal plate 26 which is
located on a surface of the printed wiring board 24 on its side
opposite to the antenna and terminates an electric field from
the antenna so as to make a mirror image of the electric field.
In this embodiment, a copper plate is used as the metal plate
26.

According to the same method as that in the embodiment 1,
there was formed the resonator of the magneto-dielectric 20
having a width of 14 mm, a length of 15 mm, a thickness of 5.9
mm, Era=11, and pra=9 and then the feeding electrode 22
with a width of 0.5 mm was formed by the use of silver paste.
This antenna element was mounted at the center of the printed
wiring board 24 having a width of 5 cm, a length of 5.3 cm,
and a thickness of 0.1 mm and formed with a silver foil film
having a thickness of 30 um on the surface thereof opposite to
its surface where the antenna was to be mounted.

FIG. 5 shows changes in input impedance, with respect to
frequency, of the antenna mounted on the board having the
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metal reflecting plate 26 formed as described above. FIG. 5
shows changes in real part of the input impedance with
respect to normalized frequency that was normalized by a
resonant frequency, wherein there are shown, for comparison,
relevant changes with respect to the resonator antenna
(Era=100, ura=1) made of BST as described in relation to the
embodiment 1, which is mounted on the same board.

As also clear from FIG. 5, it is understood that when the
antenna ofthis embodiment is used, Era can be reduced by the
use of the magneto-dielectric and thus the Q value of the
resonance can be lowered, thereby enabling the antenna band
to be broadened.

According to the resonator antenna mounted on the board
having the metal reflecting plate 26 in this embodiment, since
the Q value of the resonance can be reduced even when
mounted on the reflecting plate, the band can be broadened
and, therefore, when it is mounted to a portable terminal, a
loss in a matching circuit serving to broaden the band can be
reduced so that it is possible to improve the battery life of the
portable terminal.

Embodiment 3

Referring to FIG. 6, description will be given of a resonator
antenna using a magneto-dielectric in an embodiment 3 of
this invention. The resonator antenna according to the
embodiment 3 shown in FIG. 6 comprises a resonator formed
by a magneto-dielectric 20, which resonates a signal and
emits it as a radio wave into the space, a feeding electrode 22
for feeding a signal to the resonator, a printed wiring board 24
for mounting thereon a body of the resonator, and a magnetic
layer 28 which is located at a surface of the printed wiring
board 24 on its side opposite to the antenna and formed at the
surface thereof opposite to its surface where the antenna is
mounted.

Like in the embodiment 2, the resonator was formed by the
magneto-dielectric 20 having a width of 14 mm, alengthof 15
mm, a thickness of 5.9 mm, Era=11, and pra=9. The mag-
neto-dielectric 20 was mounted, as an antenna element, on the
printed wiring board 24 having a width of 5 cm, alength of 5.3
cm, and a thickness of 0.1 mm. In this case, a copper foil film
having a thickness of 30 um had been formed on the surface,
opposite to the antenna mounting surface, of the printed wir-
ing board 24. By mounting the magneto-dielectric 20 at the
center of the printed wiring board 24, the resonator antenna
with the reflecting plate was formed. Further, on the surface,
opposite to the antenna mounting surface, of the illustrated
resonator antenna, the magnetic plate 28 having a relative
permittivity of 4 and a relative permeability of 10 was formed
to athickness of S mm. In this case, the magnetic plate 28 was
formed by dispersing cobalt powder with a diameter of 50 nm
into an epoxy resin in the ratio of 50 vol % by the use of the
solution cast method and then drying them at 200° C. for 30
minutes.

As aresult of forming a thin film with a thickness of 5 mm
under the same conditions as the forming conditions of the
foregoing magnetic plate 28 and measuring its relative per-
mittivity and permeability by the use of an impedance mate-
rial analyzer, the subject magnetic plate 28 had a relative
permittivity of 4 and a relative permeability of 10.

An evaluation was made of changes in input impedance of
the thus formed antenna when mounted to a portable terminal.
The antenna in the portable terminal was evaluated as changes
in impedance depending on the presence of an influence of a
human head. The evaluation results are shown in Table 1.
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TABLE 1

Human Head present
(Interval to Antenna

Antenna alone 10 mm)
Magneto-dielectric Resonator 157.8-105.91 150.1-112.21
Antenna (with Magnetic Plate)
(Embodiment 3)
Monopole Antenna 109.1-39.51 180.5-14.81
Magneto-dielectric Resonator 108.7-68.61 98.6-107.61

Antenna (with Magnetic Plate)
(Embodiment 2)

Table 1 shows changes in impedance depending on the
presence of the human head when the foregoing antenna was
mounted to the portable terminal and, for comparison, also
shows changes in impedance of a monopole antenna hitherto
used in a portable terminal and of the resonator antenna with
the reflecting plate shown in the embodiment 2. The measure-
ment frequency was set to 2 GHz. It is understood that the
impedance is reluctant to change even with the presence of
the human head when the magnetic plate 28 is provided on the
back side of the metal reflecting plate 26.

In the resonator antenna according to the embodiment 3,
the input impedance is reluctant to be affected by the human
head. Consequently, it was possible to reduce reflection of an
input signal at the feeding electrode 22 caused by mismatch-
ing with a matching circuit and, as a result, it was possible to
reduce a loss in the matching circuit.

Embodiment 4

Referring to FIG. 7, description will be given of a portable
terminal in an embodiment 4 of this invention. A portable
terminal antenna according to the embodiment 4 shown in
FIG. 7 is used as a signal transmission antenna of the portable
terminal and, in this example, two antennas each with a
reflecting plate, shown in the embodiment 2, are mounted. A
rectangular board mounted thereon with the antenna com-
prises a printed wiring board 24 having a width of S cm and a
length of 10 cm and a metal plate 26 provided on a surface of
the printed wiring board 24 on its side opposite to an antenna
mounting surface thereof. The two antenna elements each
formed by a dielectric 20 and a feeding electrode 22 are
disposed along a center line located at a distance of 25 cm
from both short sides and at an interval of 5 cm from each
other in a long-side direction.

FIG. 8 shows a radiation pattern when in-phase signals are
supplied to the foregoing two antenna elements to cause them
to perform the phased array operation. As shown in FIG. 8, the
antenna of the embodiment 4 has directivity and, as compared
with the case ofthe single antenna, it can improve the gain and
control a radio wave radiation direction toward a base station
direction. Therefore, the antenna shown in FIG. 7 does not
transmit useless power into the space. As a result, it was
possible to reduce the consumption power in the portable
terminal to thereby improve the battery life.

The battery life improving effect in this embodiment is
shown in Table 2.

TABLE 2
Battery Life
Portable Terminal in Embodiment 4 (Magneto-dielectric 662 min.
Resonator Antenna with Magnetic Layer)
Conventional Portable Terminal Monopole Antenna 144 min.
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Asalso clear from Table 2, itis understood that the portable
terminal according to the embodiment 4 of this invention is
largely improved in battery life as compared with the conven-
tional portable terminal. This shows that, by using the reso-
nator antenna employing the magneto-dielectric like in this
invention, the miniature broadband antenna with high effi-
ciency was able to be formed because the Q value of the
resonance did not increase even using the reflecting plate.

In the foregoing embodiments, the description has been
given of only the example where cobalt is used as the mag-
netic material forming the magneto-dielectric 20. However,
the magnetic material to be contained in the dielectric mate-
rial may be a simple substance of cobalt, manganese, or iron,
oran alloy or compound magnetic material containing at least
one of cobalt, manganese, and iron. For example, there are
cited an alloy of cobalt and iron, an alloy of a rare earth
element and iron, ferrite, and so on. Further, these magnetic
materials may be compounded or mixed together so as to be
used. In the embodiments, the description has been given of
the example where the dielectric material is obtained by dis-
persing the BST powder into the epoxy resin. However, as the
dielectric material, a dielectric material having a desired per-
mittivity can be properly selected and used, which may be
mixed with the magnetic material. As the dielectric material,
use may be made of, alone or in a mixed manner, organic
materials (resin materials) such as, for example, liquid crystal
resin, epoxy resin, olefin-based resin, fluororesin, BT (bisma-
leimide triazine) resin, and polyimide resin, or use may be
made of, alone or in a compounded or mixed manner, inor-
ganic materials such as silica (SiO,, SiO), silicon nitride
(SiN, SizN,), zirconia (ZrO, ZrO,), hatnia (HtO, HfO,), tita-
nia (TiO, TiO,), aluminum nitride (AIN), SrBi, Ta,O,, SrBi,
(Ta, ,Nb,),O,, and Sr,(Ta, ,,Nb,),O,. As the inorganic
dielectric material, use may also be made of, alone or in a
compounded or mixed manner, high permittivity materials
such as PZT (lead zirconate titanate), alumina (Al,Oy;),
BiTiO;, SrTiO;, PbZrO;, PbTiO;, and CaTiO;. The inor-
ganic dielectric materials of the foregoing two examples may
be used in a mixed manner, or the inorganic dielectric mate-
rials alone or in a compounded or mixed manner and the
organic dielectric materials alone or in a mixed manner may
be used in a mixed manner. The magnetic material is mixed
into, preferably the fine powder of the magnetic material is
dispersed into, the dielectric material to thereby obtain the
magneto-dielectric. In this case, the relative permeability of
the magneto-dielectric preferably exceeds 1 and is about 50
(preferably 15).

According to the resonator antenna of this invention, since
the relative permeability pra of the insulator forming the
antenna element is pra>1, it is possible to increase the wave-
length shortening coefficient 1V/(€ra-ura) of the electromag-
netic wave in the resonator and, as compared with the case
where use is made of the general dielectric having pra=1, the
relative permittivity can be reduced. This makes it possible to
reduce the impedance change at the time of resonance and
thus realize broadening of the band of the antenna.

Further, according to the resonator antenna of this inven-
tion, since the antenna contacts with the conductive plate or is
grounded via the insulator having €rd>1, the mirror-image
effect of the electric field can be utilized at the electric field
symmetrical plane to thereby enable miniaturization of the
antenna and, further, since the permittivity of the antenna
itself can be reduced by the effect of the permeability, the
impedance change at the time of resonance can be reduced to
thereby enable broadening of the band.

Moreover, according to the antenna of this invention, the
magneto-dielectric layer having prr=Z€&rr where pur repre-
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sents the relative permeability and Err the relative permittiv-
ity, is provided on the surface, opposite to the antenna mount-
ing surface, of the reflecting plate so that the mirror-image
effect is produced with respect to the magnetic field, thereby
enabling the improvement in reflection characteristics and
thus in antenna gain. Therefore, the radio wave can reach the
base station with small power so that the battery life of the
portable terminal can be improved.

When the antenna of this invention is employed in the
portable terminal, since the antenna element itself is broad-
band, it is possible to reduce the loss in the matching circuit
and therefore improve the battery life of the portable terminal.

Further, when a plurality of antennas of this invention are
employed in the portable terminal, since each antenna is
highly efficient while being small in size, the array antenna
can be efficiently formed so that the direction of the radio
wave transmitted from the portable terminal can be con-
trolled. Therefore, it is possible to suppress radiation of the
radio wave in a direction opposite to the base station to
thereby achieve the effective utilization of the power so that
the battery life of the portable terminal can be improved.

The invention claimed is:

1. A dielectric resonator antenna being adapted to emit a
radio wave by resonating a signal, said dielectric resonator
antenna comprising:

a conductive plate having a first and a second surface which

are faced opposite to each other;
a dielectric placed opposite to said first surface of the
conductive plate, said dielectric having a relative perme-
ability (ura) of ura >1;
an electrode provided to said dielectric and adapted to be
supplied with said signal; and
amagneto-dielectric layer placed on said second surface of
the conductive plate;
wherein said dielectric contains a magnetic material and
a dielectric material to have frequency vs. antenna
input impedance characteristics in which frequencies
are partly superimposed in a half of resonance peak
between a first mode on a low frequency side and a
second mode on a high frequency side, and

wherein said magneto-dielectric layer has a relative per-
meability (urr) and a relative permittivity (Err), where
urr is not less than Err, whereby said magneto-dielec-
tric layer produces a mirror-image effect with respect
to an electric field.

2. The dielectric resonator antenna according to claim 1,
wherein said dielectric is mounted directly on said first sur-
face of the conductive plate.

3. The dielectric resonator antenna according to claim 1,
further comprising an insulator which is mounted on said first
surface of the conductive plate and has a relatively permittiv-
ity (€rd) of Erd>1, wherein said dielectric is mounted on said
insulator.

4. The dielectric resonator antenna according to claim 1,
wherein a wavelength shortening coefficient is 200 or less.

5. The dielectric resonator antenna according to claim 1,
wherein a wavelength shortening coefficient is 100 or less.

6. The dielectric resonator antenna according to claim 1,
wherein a wavelength shortening coefficient is 50 to 3.

7. The dielectric resonator antenna according to claim 1,
wherein said magnetic material contains at least one of a
simple substance of cobalt, manganese, or iron, and an alloy
and a compound magnetic material each containing at least
one of cobalt, manganese, and iron.

8. The dielectric resonator antenna according to claim 1,
wherein said dielectric material contains one or both ofa resin
material containing at least one of liquid crystal resin, epoxy
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resin, olefin-based resin, fluororesin, BT (bismaleimide tri-
azine) resin, and polyimide resin and an inorganic dielectric
material containing at least one of silica (SiO,, SiO), silicon
nitride (SiN, Si;N,), zirconia (ZrO, ZrO,), hafnia (HfO,
HfO,), titania (TiO, TiO,), aluminum nitride (AIN),
SrBi,Ta,0,, SrBi,(Ta, . ,Nb,),0,, Sr,(Ta, ,,Nb ),O ., BST
(barium strontium titanate), PZT (lead zirconate titanate),
alumina (Al,O,), BiTiO;, SrTiO;, PbZrO,, PbTiO;, and
CaTiO;.

9. The dielectric resonator antenna according to claim 8,
wherein fine powder of said magnetic material is dispersed
into said resin material.

10. The dielectric resonator antenna according to claim 9,
wherein said inorganic dielectric material is further dispersed
into said resin material.

11. A portable terminal including the dielectric resonator
antenna according to claim 1.

12. A portable terminal including a plurality of dielectric
resonator antennas each according to claim 1 and being
capable of adjusting a radio wave radiation direction.

13. A method of manufacturing a dielectric resonator
antenna that emits a radio wave by radiating a radio wave to a
resonator formed by a dielectric and resonating said radiated
radio wave in said dielectric, said method comprising:

adjusting a relative permittivity on condition that a relative

permeability exceeds 1, to thereby obtain a magneto-
dielectric material that can achieve a predetermined
wavelength shortening coefficient;

forming said dielectric by the use of said magneto-dielec-

tric material, wherein said dielectric contains a magnetic
material and a dielectric material to have frequency vs.
antenna input impedance characteristics in which fre-
quencies are partly superimposed in a half of resonance
peak between a first mode on a low frequency side and a
second mode on a high frequency side; and

forming a magneto-dielectric layer having a relative per-

meability (uur) and a relative permittivity (Err), where

urr is not less than €rr, whereby said magneto-dielectric

layer produces a mirror-image effect with respect to an

electric field,

wherein said magneto-dielectric material is produced by
mixing together the magnetic material and the dielec-
tric material.
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14. A method of manufacturing a dielectric resonator
antenna that emits a radio wave by radiating a radio wave to a
resonator formed by a dielectric and resonating said radiated
radio wave in said dielectric, said method comprising:

adjusting a relative permittivity on condition that a relative

permeability exceeds 1, to thereby obtain a magneto-
dielectric material that can achieve a predetermined
wavelength shortening coefficient;

forming said dielectric by the use of said magneto-dielec-

tric material, wherein said dielectric contains a magnetic
material and a dielectric material to have frequency vs.
antenna input impedance characteristics in which fre-
quencies are partly superimposed in a half of resonance
peak between a first mode on a low frequency side and a
second mode on a high frequency side; and

forming a magneto-dielectric layer having a relative per-

meability (lur) and a relative permittivity (Err), where
urr is not less than €rr, whereby said magneto-dielectric
layer produces a mirror-image eftect with respect to an
electric field.

15. The method according to claim 14, wherein said mag-
netic material contains at least one of a simple substance of
cobalt, manganese, or iron, and an alloy and a compound
magnetic material each containing at least one of cobalt,
manganese, and iron.

16. The method according to claim 14, wherein said dielec-
tric material contains one or both of a resin material contain-
ing at least one of liquid crystal resin, epoxy resin, olefin-
based resin, fluororesin, BT (bismaleimide triazine) resin,
and polyimide resin and an inorganic dielectric material con-
taining at least one of'silica (Si0O,, SiO), silicon nitride (SiN,
Si;N,), zirconia (ZrO, ZrO,), hafnia (HfO, HfO,), titania
(TiO, TiO,), aluminum nitride (AIN), SrBi,Ta,O,, SrBi,
(Ta;_,,Nb,),Os, Sr,(Ta ;,_,,Nb_),0O,, BST (barium strontium
titanate), PZT (lead zirconate titanate), alumina (Al,Oj),
BiTiO;, SrTiO;, PbZrO,, PbTiO;, and CaTiO;.

17. The method according to claim 16, further comprising
dispersing fine powder of said magnetic material into said
resin material.

18. The method according to claim 17, further comprising
dispersing said inorganic dielectric material into said resin
material.
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SLOT ANTENNA AND METHOD FORITS
OPERATION

The present invention relates, in a first aspect, to a slot
antenna, more particularly to a transmitting antenna.

In a further aspect, the invention relates to a method for
operating a slot antenna.

A slot antenna of the generic type comprises at least one
antenna contour board having a plurality of antenna slots and
at least one control circuit for stimulating the antenna contour
board to transmit and/or receive electromagnetic radiation.

The technology for remote identification of objects and
persons via radio waves (Radio Frequency Identification,
RFID) is used in a number of different fields.

RFID technology is utilized, for example, in military appli-
cations, in identification cards, in libraries and, in particular,
in the field of industrial manufacturing and automation.

The growing number of closely packed electrical and elec-
tronic devices gives increasing rise to problems in industrial
environments. The problem to be solved in this case is, in
general, to minimize or, if possible, to eliminate interactions
between such devices. This particularly involves utilizing all
available frequency bands, for example by using shorter
wavelengths.

The use of slot antennas for short wavelengths is already
known. For example, slot antennas have been disclosed in the
documents WO 2004/062035, EP 1 602 148, EP 1 158 606,
and U.S. Pat. No. 5,596,336.

The ever-increasing complexity of manufacturing pro-
cesses, for example 3D-manufacturing, gives rise to prob-
lems. Furthermore, new process steps, including the RFID
method, are introduced during final inspections, for example.

The various interferences and influences on RFID systems,
caused, for example, by microwave heaters, Bluetooth
devices, or WLAN computer networks, can therefore cause
an unwanted break in communication between the reading
device or “reader” and the data carrier. This is of particular
significance, since the number of interference sources is in
future likely to increase, rather than decrease.

The desired housing dimensions drastically reduce the
number of antennas that can be integrated therein. When,
nevertheless, a minimum sensitivity as in known systems is
required, the gain produced by the antennas must remain the
same, which would seem to be unachievable when using
antennas known hitherto.

Other antenna types, other than slot antennas, are either not
known or are unsuitable on account of their high space
requirements.

It is an object of the invention to provide a slot antenna,
which is suitable for diverse applications and is, moreover,
constructed in a particularly compact manner. Furthermore, a
method for operation of a slot antenna is provided, by means
of which increased functionality is to be achieved.

Preferred exemplary embodiments of the slot antenna of
the invention and preferred variants of the method of the
invention are the subject-matter of the dependent claims.

The slot antenna of the type mentioned above is developed,
according to the invention, in that in at least one antenna slot,
particularly from a reverse side of the antenna contour board,
there is inserted a circuit board carrying a control circuit.

In the method of the invention, a slot antenna of the inven-
tion is used and an emitting direction of the radiation is altered
in a desired manner by varying the phase relationship of the
control circuits.

The control circuit can comprise components of a feed
system for coupling in the required control power or feed
power. For example, a feed network having suitable drivers
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and matching circuits can be part of the drive circuit. If the slot
antenna is also used for receiving electromagnetic radiation,
the drive circuit can include a reception circuit or parts
thereof.

The central concept of the invention may be considered to
be the use of existing antenna slots for mechanical accommo-
dation or support of circuit boards on which the necessary
control circuits for the antenna are disposed.

A first substantial advantage of the invention is the realiza-
tion of a particularly compact and thus space-saving arrange-
ment.

Another substantial advantage of the invention is that the
dielectric properties of the circuit board material reduce, in
effect, the size of the antenna slots and thus shorten the
wavelength.

The central concept of the method of the invention may be
considered to reside in selective alteration of the direction of
radiation of the transmitter or the reading device, unlike in
known RFID methods, but rather by varying the phase differ-
ences between the individual control circuits.

In advantageous variants of the antenna of the invention, a
plurality of antenna slots disposed in pairs is provided in the
antenna contour board. It is particularly preferable if two
pairs of slots are provided which are disposed mutually trans-
versely, more particularly orthogonally on each other, since
the polarization of the radiation can then be selectively varied
by suitably controlling the slots. With a suitable phase rela-
tionship of the respective controlling or driving of the slots,
such an antenna can also emit circularly polarized radiation,
as a result of which the functionality of the antenna of the
invention and that of the method of the invention is increased
considerably.

However, already a simple slot antenna having two col-
linear slots might suffice, basically. Such an antenna emits
so-called magnetic dipole radiation when suitably controlled.

Exemplary embodiments in which a plurality of pairs of
antenna slots is disposed in the antenna contour board are
preferred. For example, the antenna contour board may com-
prise a rectangular array of four antenna slots or a cross-wise
array of, again, four antenna slots.

In a particularly preferred variant, a cross-wise array of,
again, four antenna slots is disposed within a rectangular
array of four antenna slots. Here, the antenna slots can be
considered as being internested. There, the orientation of the
antenna slots disposed in a cross-wise array can advanta-
geously be such that the antenna slots are located substan-
tially on the diagonals of the rectangular array. This slot
arrangement provides a particularly compact construction.

The control circuits each advantageously comprise elec-
tronic phase shifters for defined adjustment of the phase rela-
tionship of a control signal.

The aforementioned particularly preferred antenna
arrangement having a rectangular array of antenna slots and a
cross-wise array of antenna slots disposed within the former
thus consists of a plurality of slot radiators, each of which is
controlled by means of an electronically adjustable phase
shifter. The individual antenna slots are fed or driven by
means of a circuit board that is disposed orthogonally or
transversely thereto. This circuit board includes the feed zone
of the slot radiator, a matching network, the phase shifter,
filters, a polarization-switching device, and a suitable control
interface. This exemplary embodiment is characterized by
very good functionality, since a redundancy of the system is
achieved by the antenna slots disposed in mutual angular
misalignment. This means that even in the case of functional
losses of individual radiator elements, no total breakdown
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occurs, and such functional losses can in any case be partially
compensated by suitable compensating means.

Basically, the necessary control power can be coupled by
radiation into the antenna contour board by the control cir-
cuits. With regard to space requirements, however, the circuit
boards are preferably galvanically coupled, i.e., in the sim-
plest case, conductively connected, to the antenna contour
board in a region surrounding the respective antenna slot.

In principle, individual antenna slots can remain free if no
circuit board can be accommodated therein, possibly for rea-
sons of space or because electrically undesirable. However,
the construction is simplified if a circuit board carrying a
control circuit is inserted in each antenna slot.

A further simplification is achieved when in each case
identical circuit boards are placed in all of the antenna slots.
The use of in each case identical circuit boards carrying
identical control circuits can save material to a large extent.
Furthermore, considerable advantages are gained with regard
to storage, and significant cost savings are possible.

Basically, the influence of the dielectric properties of the
circuit board material on the antenna radiation is particularly
high if the antenna slots are substantially fully occupied by
the circuit board. For example, the circuit board can have a
tongue, which fits exactly in the respective antenna slot.

Furthermore, the higher the relative dielectric constant of
the circuit board material, the greater is the effect mentioned
above. Therefore, special dielectric materials can, in prin-
ciple, be used, in order to achieve the desired degree of min-
iaturization. The relatively high costs set limits to the use of
such materials.

The construction provided by the invention, in which the
circuit boards are pushed into the antenna slots, is therefore
particularly economical, since the substrate is efficiently con-
centrated mainly in the slot region.

The influence of the dielectric properties of the circuit
board material can be increased if at least one circuit board
projects slightly beyond a transmitting side of the antenna
contour board. Finally, the effect of the inserted circuit boards
can be increased still further if protruding parts of the circuit
boards are provided with a metallic structurization. For
example, it is particularly easy to produce a metallic structur-
ization formed by conductor track portions extending trans-
versely to the antenna contour board on the protruding parts
of the circuit boards.

The circuit boards advantageously comprise means for
contacting the slot radiator in the region of the antenna slot.

In this context, it may be considered a further important
aspect of the slot antenna of the invention that the point at
which the feed power or control power is coupled into the
antenna contour board is defined very accurately. This repre-
sents a considerable advantage over slot antennas disclosed in
the prior art, in which coaxial cables are solder-attached, for
example. For example, contact between the antenna contour
board and the circuit board can be achieved by means of a
conductor track region on the circuit board, which conductor
track region narrows toward the antenna contour board. The
location of the actual contact region is then defined very
precisely.

Energization of the slot can thus take place precisely and, in
particular, reproducibly. This represents a considerable
advantage with regard to the requirements for series produc-
tion. There is complete freedom in the choice of the feed
points and thus an additional degree of freedom is provided
that can be selectively used and varied.

In a further preferred embodiment of the antenna of the
invention, the circuit boards are inserted in a stabilizing board
on a side opposite the antenna contour board. This stabilizing
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board can itself be a circuit board and can carry additional
electronic or electrical components.

Additional advantages and features of the slot antenna of
the invention and the method of the invention are described
below with reference to the attached schematic figures, in
which:

FIG. 1 shows an exemplary embodiment of a slot antenna
of the invention;

FIG. 2 is a plan view of the antenna contour board of the
antenna shown in FIG. 1;

FIG. 3 is a partial view of the antenna shown in FIG. 1; and

FIG. 4 illustrates the method of the invention.

An exemplary embodiment of the antenna 10 of the inven-
tion is described with reference to FIGS. 1 to 3. Like compo-
nents are provided with like reference numerals.

As its essential components, the antenna 10 of the inven-
tion comprises an antenna contour board 20, a plurality of
circuit boards 50 with control circuits 40 disposed thereon
and a stabilizing board 60, which can likewise carry elec-
tronic components.

The antenna contour board 20 shown in FIG. 2 comprises
two antenna systems located orthogonally to each other. The
first antenna system comprises a rectangular array of four
antenna slots 31 and the second slot system comprises four
antenna slots 32 disposed in a cross-wise arrangement. The
antenna slots 32 disposed in a cross-wise arrangement are
located within the rectangle formed by the antenna slots 31
and are aligned substantially on the diagonals of the latter.

The slot systems are thus internested and consequently
require less space. The problem of controlling or feeding the
antenna slots is solved, according to the invention, by the
insertion of the circuit boards 50 into the antenna slots 31, 32.

As shown in FIG. 3, a circuit board 50 inserted into the
antenna contour board 20 from a reverse side 22 can also
protrude slightly on a transmitting side 24 of the antenna
contour board 20. This intensifies the effect of the dielectric
properties of the circuit board material.

Furthermore, a protruding part 54 ofthe circuit board 50, as
likewise shown schematically in FIG. 3, can be provided with
a metallic structurization 52, which produces a field concen-
tration in the antenna slot 30 and thus makes a miniaturization
possible. In the example shown in FIG. 3, the metallic struc-
turization 52 comprises conductor track portions extending
transversely to the antenna contour board 20.

A number of advantages are achieved by the construction
shown in FIG. 1. For example, also antenna slots 31, 32
located extremely close to each other by way of the construc-
tion technology shown in detail in FIG. 3 can be controlled by
means of the control boards 50, which also carry the elec-
tronic circuits 40.

All antenna slots 31, 32 preferably have identical dimen-
sions so that in each case uniform feed networks or, more
generally, standard circuit boards 50 carrying control circuits
40 can be used.

If materials having enhanced values of the relative dielec-
tric constant are used as the base material for the circuit
boards 50, this contributes to stronger field concentrations in
the slots and thus to the miniaturization. The slot length can be
reduced in this way.

At the same time, this makes it possible to reduce the
dimensions of the circuit boards 50 carrying the control cir-
cuits 40. On the side opposite to the antenna contour board 20,
a stabilizing board 60 is mounted, which can likewise be a
circuit board carrying additional electric and/or electronic
components.

The construction shown in FIG. 1 with the back stabilizing
board 60 is as a whole characterized by an excellent mechani-
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cal stability and an extremely compact design. The circuit
boards 50 carrying control circuits 40 disposed transversely
on the boards or punched parts can accommodate passive and
active components.

Atthe same time, these control circuits 40 serve to feed and
connect the antennas via galvanic coupling, i.e., in the sim-
plest case, via a simple conductive connection. This requires
less space compared with radiation coupled slot antennas.

It is moreover particularly advantageous if the control cir-
cuits 40 each comprise electronic phase shifters, since the
beam lobe and/or the directional characteristic of the antenna
can be varied selectively according to the method of the
invention.

This is explained in more detail with reference to FIG. 4.
There an RFID reader 80 comprising a slot antenna of the
invention of the type shown in FIG. 3 is illustrated. Individual
RFID tags at different sites are indicated by the reference
numerals 13, 14 and 15. Tag 13 is addressed by the beam
emitted in the normal direction and indicated by the reference
numeral 11, whereas tags 14 and 15 are addressed by the
beams deflected in directions 12 and 16. The directional char-
acteristic of the antenna of the invention is varied by selective
adjustment of the phase shifter in the control circuits 40 of the
respective antenna slots 31, 32.

This allows for new applications. For example, an indi-
vidual tag can be tracked with the aid of the antenna of the
invention. Furthermore, individual tags can be addressed and
read selectively. Localization by simultaneous use of a plu-
rality of readers is possible. Due to the well-defined direc-
tional characteristic of the antenna, specific solid angle
regions can be suppressed selectively. This serves to achieve
the interference suppression described above.

A plurality of readers can be networked to form a complex
overall system and readers having high sharpness of directiv-
ity and range can be realized. These then have increased
localizing resolution during the positioning due to a virtually
larger aperture. Both short-range and long-range detection
can thus be realized.

A miniaturizable slot antenna system is thus provided by
the present invention, more particularly for use in RFID read-
ers. Such readers operate preferably in the microwave range,
for example, at 2.5 GHz.

A significant concept of the method of the invention con-
sists in the selective control of the directional characteristic of
the antenna. The use of the slot antennas of the invention
provides a high-capacity and compact antenna system, which
moreover allows for reduction in costs and is particularly
advantageous as regards construction and connecting tech-
nology. The term “compactness” of the antenna implies, in
particular, the reduced dimensions thereof. A considerable
advantage can thus be achieved over the systems available on
the market, which are distinctly larger than the slot antennas
presently described. The density of the readers can be
increased by the possibility of beam deflection—an electri-
cally variable directional characteristic of the antenna con-
struction—without any mutual interference occurring
between the readers.

As a result, potential interference factors such as micro-
wave heaters, for example, can likewise be suppressed. Fur-
thermore, physical impairments due to the direct environment
and the prevailing conditions in each case can be compen-
sated. Another result derived therefrom is the possibility of
tracking a data carrier.

Advantageously, the zero points inevitably occurring in
radio propagation due to standing waves can be eliminated by
means of a change of frequency or “frequency hopping”
and/or by deflection of the beam. To regulate the range, the

20

25

30

35

40

45

50

55

60

65

6

emitted transmitter power can advantageously be regulated
and, likewise, the sensitivity can be varied by means of low-
noise preamplifiers.

So-called “phased-array antennas” can therefore be real-
ized in an advantageous manner using the slot antenna of the
invention. The use of such antennas of the invention makes it
possible to achieve extremely quick deflection of the beam
and furthermore to provide for very flexible adjustment of the
directional characteristics of the antenna.

The invention can also be used to provide identification at
building entrances, in addition to applications involving read-
ing systems, data carriers, general radio communication,
radar sensors, and localizing systems.

The present invention thus provides an overall compact
intelligent antenna system with the possibility of switching
the polarization and effecting beam deflection.

The invention claimed is:

1. A slot antenna, comprising:

an antenna contour board having a plurality of antenna

slots; and

at least one control circuit for stimulating the antenna con-

tour board to at least one of transmit and receive elec-
tromagnetic radiation;

wherein in at least one antenna slot of said antenna contour

board there is inserted a circuit board carrying a control
circuit; and

wherein at least one circuit board projects slightly beyond

the antenna contour board on a transmitting side, and
wherein a protruding portion of said circuit board is
provided with a metallic structurization comprising con-
ductor track portions extending transversely to said
antenna contour board on the protruding portion of said
circuit board.

2. The slot antenna as defined in claim 1, wherein said
antenna contour board includes a rectangular array of four
antenna slots.

3. The slot antenna as defined in claim 1, wherein said
antenna contour board includes a cross-wise array of four
antenna slots.

4. The slot antenna as defined in claim 3, wherein said
cross-wise array of antenna slots is nested within said rectan-
gular array of antenna slots.

5. The slot antenna as defined in claim 1, wherein a circuit
board carrying a control circuit is inserted in each antenna
slot.

6. The slot antenna as defined in claim 1, wherein identical
circuit boards are inserted in all of the antenna slots.

7. The slot antenna as defined in claim 1, wherein said
circuit boards are galvanically connected to said antenna con-
tour board in a region surrounding the respective antenna slot.

8. The slot antenna as defined in claim 1, wherein said
circuit boards are inserted in a stabilizing board opposite to
said antenna contour board.

9. The slot antenna as defined in claim 1, wherein the
antenna is designed as a transmitting antenna for RFID.

10. A method for the operation of a slot antenna, compris-
ing:

an antenna contour board having a plurality of antenna

slots; and

a plurality of control circuits for stimulating the antenna

contour board to at least one of transmit and receive
electromagnetic radiation;

wherein in at least one antenna slot of said antenna contour

board there is inserted a circuit board carrying a control
circuit;

wherein at least one circuit board projects slightly beyond

the antenna contour board on a transmitting side, and
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wherein a protruding portion of said circuit board is
provided with a metallic structurization comprising con-
ductor track portions extending transversely to said
antenna contour board on the protruding portion of said
circuit board; and

wherein by varying the phase relationship of the individual

control circuits an emitting direction of the radiation is
selectively altered.

11. The method as defined in claim 10, wherein suitable
selection of the phase relationship of the individual control
circuits stimulates said slot antenna to radiate circularly
polarized radiation.

8

12. The method as defined in claim 10, wherein the control
circuits, in each case, comprise electronic phase shifters and
at least one of the beam lobe and the directional characteristic
of the antenna is selectively varied by the electronic phase
shifters.

13. Method as defined in claim 10, wherein zero points
occurring due to standing waves are eliminated by at least one
of'achange of frequency, frequency hopping and deflection of
the beam.
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1
MICROSTRIP ANTENNA

TECHNICAL FIELD

The present invention relates generally to a microstrip
antenna and more particularly to a microstrip antenna having
dual polarization and dual frequency capability.

BACKGROUND OF THE INVENTION

A microstrip antenna is typically comprised of a conduc-
tive plate, also known as a patch or a radiating element, that is
separated from a ground plane by a dielectric material. The
microstrip antenna is fed by applying a voltage difference
between a point on the radiating element and a point on the
ground conductor. Feed methods include direct feed such as
probes or transmission lines and indirect feed such as capaci-
tive coupling.

Microstrip antennas have a low profile, are light weight, are
easy to fabricate and therefore, are relatively low cost. These
advantages have encouraged the use of microstrip antennas in
a wide variety of applications. In the automotive industry in
particular, microstrip antennas are used on vehicles for
receiving signals transmitted by Global Positioning System
(GPS) satellites. Another automotive application includes
using a microstrip antenna for a Satellite Digital Audio Radio
System (SDARS) receiving antenna. While each of these
applications can utilize a microstrip antenna, they each oper-
ate at different frequencies and require different polarizations
and in the prior art would require separate antennas. As more
and more applications are provided on a vehicle that require
antennas to be integrated in the vehicle, dual-band and com-
bination antennas provide a viable solution.

Most dual-band microstrip antennas known in the art uti-
lize a stacking technique to obtain dual-band operation. Radi-
ating elements are stacked on top of each other. While this
conserves space in a lateral direction, it adds height which
detracts from the advantage of the low-profile microstrip
antenna. Further, the stacked patches are also subject to
decreased performance. The performance of the lowest radi-
ating element is degraded because it is blocked by the radiat-
ing element stacked above it. Therefore, the gain and beam
width of the antenna may be compromised. An alternative to
stacking is a co-planar microstrip antenna. However, interfer-
ence is a concern with co-planar microstrip antennas. Most
co-planar microstrip antennas incorporate slots for obtaining
dual-band operation, yet are limited to linear polarization,
and have limited bandwidth and gain characteristics. In order
to avoid interference problems, co-planar microstrip antennas
typically utilize multiple feed points in the feed network.

There is a need for a single microstrip antenna that is
capable of operating in more than one frequency band, with
more than one possible polarization and without sacrificing
the advantages associated with microstrip antenna technol-

ogy.
SUMMARY OF THE INVENTION

The present invention is a dual-frequency band microstrip
antenna that can be linear, co-circular, or dual-circularly
polarized. The microstrip antenna has nested inner and outer
radiating elements, that are co-planar. The inner radiating
element is surrounded, and spaced from the outer radiating
element. Each radiating element resonates at a different fre-
quency.

In one embodiment of the invention a feed network has a
single, cross-shaped, feed line that is positioned between the
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inner and outer radiating elements, and a feeding pin passes
through the feed line. The cross-shaped feed line is capaci-
tively coupled to the inner and outer radiating elements,
which are separated from each other and the feed line by ring
slots.

Because of capacitive coupling, the size and shape of the
feed line directly affect the impedance and frequency band-
width of each radiating element. The cross-shaped feed line
acts as an impedance transformer between each radiating
element and the coaxial cable. When the size and shape of the
feed line is altered, its equivalent impedance transformer
circuit is altered. As a result, different impedance and fre-
quency bandwidth values will be provided at an antenna input
port.

In another embodiment of the present invention, the radi-
ating elements are fed separately by first and second feed
networks having a plurality of feed lines. An inner radiating
element is connected to a first feed network, while the outer
radiating element is connected to a second feed network. The
first feed network consists of multiple feed points on the inner
radiating element. Only one feed line for the inner radiating
element can be selected for a particular antenna application.
The outer radiating element is supplied by a second feed
network. Only one feed line for the outer radiating element
can be selected for a particular antenna application as well.
The first and second feed networks may be directly fed, indi-
rectly fed, or a combination thereof.

The indirect feed is a coupling a single feed in multiple feed
points in the feed network, each being configured as an island
that is spaced from the radiating element by an annular ring.
Theisland is a microstrip patch that is physically connected to
a coaxial cable. For the indirect feed, the radiating element is
capacitively fed by the island-like feed point. The direct feed
is a physical coupling of a single feed in multiple feed points
in the feed network. The feed point on the radiating element is
physically connected to an RF power source, such as by a
probe or a coaxial cable.

In either embodiment, polarization can be linear, co-circu-
lar, or dual-circular. The radiating elements having linear
polarization can be altered by providing blunt edges on
selected corners of the radiating elements to produce a
desired circular polarization. Opposite corners and similar
corners for the blunt edges will determine whether the polar-
ization is right-hand or left-hand circular for each of the
radiating elements.

An advantage of the antenna of the present invention is that
a single feed point is all that is required in the cross-shaped
feed network while still providing dual-frequency and dual-
polarization capability. Another advantage, associated with
the multi-feed embodiment, is that there is flexibility in the
feed network option. One feed may be physically connected
and another feed is capacitively coupled, thereby improving
impedance matching and providing a wider bandwidth than a
direct feed to the ring patch.

Another advantage, applicable to either feed network, is
that the antenna operates at dual frequencies. The radiating
elements are co-planar. However, the inner radiating element
operates at one frequency while the outer radiating element
operates at a different frequency. Yet another advantage is that
the antenna can be linearly, co-circularly, or dual-circularly
polarized.

The feed network, consisting of a single cross-shaped feed
line, excites both horizontal and vertical radiating apertures
of the inner and outer radiating elements, thereby providing
dual polarization capabilities. The feed network, consisting
of multiple feed point locations provides flexibility in select-
ing the polarization and increases isolation between the radi-
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ating elements. The multiple feed point locations can accom-
modate either center fed or diagonal fed configurations for the
microstrip antenna.

Other objects and advantages of the present invention will
become apparent upon reading the following detailed
description and appended claims, and upon reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this invention, ref-
erence should now be had to the embodiments illustrated in
greater detail in the accompanying drawings and described
below by way of examples of the invention. In the drawings:

FIG. 11s a plane view of one embodiment of the microstrip
antenna of the present invention having a cross-shaped feed
network;

FIG. 2 is a cross-sectional view of the antenna of FIG. 1;

FIG. 3 is a perspective view of the antenna of FIG. 1;

FIG. 4 is a plane view of another embodiment of the
microstrip antenna of the present invention;

FIG. 5 is a plane view of yet another embodiment of the
present invention;

FIG. 6 is a plane view of a dual-frequency dual-circularly
polarized embodiment of the antenna of the present inven-
tion;

FIG. 7 is a plane view of a dual-frequency, dual polarized
embodiment of the antenna of the present invention having
multiple feed point locations in the feed network;

FIG. 8 is a cross-sectional view of the antenna of FIG. 7,
and

FIG. 9 is areference drawing generally showing center and
diagonal feed positions for a microstrip antenna.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a plane view of one embodiment of a microstrip
antenna shown generally at 10 and FIG. 2 is a cross-sectional
view of the embodiment in FIG. 1 as taken along the line 2-2
in FIG. 1. Hereinafter, like reference numerals in each of the
drawings reflect like elements. The antenna 10 has an inner
radiating element 12 and an outer radiating element 14, both
are microstrip patch elements. The inner radiating element 12
is nested within and co-planar to the outer radiating element
14. A feed network shown generally at 22 feeds inner and
outer radiating elements 12, 14 at a single point by a feed pin
24. The inner and outer radiating elements 12 and 14 are
separated from each other by a separation 16, which generally
mimics the shape of each of the inner and outer radiating
elements 12, 14 and the shape of the feed network 22. Refer-
ring to FIG. 2, a conductive ground plane 18 is spaced from
the inner and outer radiating elements by a dielectric material
20. The dielectric material 20 has a predetermined thickness
and dielectric constant that is dependent on the antenna char-
acteristics and design parameters.

FIG. 2 shows the feed network 22 and feed pin 24. The
single feed pin 24 is fed power, such as RF power, by a coaxial
cable 26 having an inner conductor 28 and an outer conductor
30. The outer conductor 30 is connected to the ground plane
18. In the embodiment shown in FIGS. 1 and 2, the feed
network 22 and the radiating elements 12, 14 are not physi-
cally connected. There is mutual coupling between the feed
network 22, the radiator elements 12, 14 and the ground plane
18 by virtue of their close proximity and by virtue of electro-
magnetic fields that are set up between the various features
12, 14, 22 and the ground plane 18.
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The inner and outer radiating elements 12 and 14 are
defined by radiating apertures 13, 15, 17 between a periphery
of each radiating element 12, 14 and the underlying ground
plane 18 as shown in the perspective view of FIG. 3. The
radiating apertures 13, 15, 17 are determined by the overall
microstrip antenna size, material thickness of both the radi-
ating elements 12, 14 and the dielectric material, and the gap
distance between the radiating elements. For example, the
inner radiating element 12 defines a radiating aperture 13, as
the space between a top edge of the radiating element 12 and
the underlying ground plane 18. Radiating element 14 is
defined by the radiating apertures 15 and 17, the space
between the edges of the radiating element 14 and the ground
plane 18. Aperture 15 is the inside edge of the radiating
element 14 and aperture 17 is the outside edge of the radiating
element 14. The microstrip antenna size is inversely propor-
tional to the resonate frequency. Therefore, a radiating ele-
ment having a smaller area will resonate at a higher fre-
quency. The inner radiating element 12, having a smaller
overall area, is resonant at a higher frequency than the outer
radiating element 14.

As shown in FIG. 1, the inner and outer radiating elements
12, 14 define horizontal radiating apertures 32 and vertical
radiating apertures 34. The feed network 22 excites both the
horizontal and vertical apertures 32, 34. For the horizontal
radiating apertures 32, the resulting radiation will have a
polarization that is transverse to the radiating apertures
known as vertical linear polarization. Likewise, for the verti-
cal radiating apertures 34, the resulting radiation will have a
polarization that is transverse to the radiating apertures,
known as horizontal linear polarization.

Microstrip antennas can have configurations of many dif-
ferent shapes including, for example a circle, a polygon or a
free-form shape. A square configuration with nested square
inner and outer radiating elements 12, 14 has been illustrated
in FIGS. 1 and 2 for example purposes and simplification of
the description. The radiating elements may take on any shape
which resonates at a required frequency for a particular ele-
ment. FIG. 4 is an example of triangular configuration shown
at 40 having inner 42 and outer 44 triangular shaped radiating
elements. FIG. 5 is an example of a circular configuration
shown at 50 having inner 52 and outer 54 circular shaped
radiating elements. As explained with reference to FIG. 1, the
inner radiating element resonates at a higher frequency than
the outer radiating elements and the cross-shaped feed net-
work 22 has a single feed point 24. In FIGS. 4 and 5, the
radiating elements are co-planar and separated from the
ground plane 18 by a dielectric material 20. While the polar-
ization in the embodiments of FIGS. 1 through 5 is shown as
linear, it should be noted that modifications, that will be
discussed hereinafter, may be made to the radiating elements
in order to achieve circular polarization.

FIG. 6 shows another embodiment of the microstrip
antenna shown generally at 60. An inner radiating element 62
is co-planar and nested within an outer radiating element 64
supported by and separated from a ground plane (not shown)
by a dielectric material 68. The inner and outer radiating
elements 62 and 64 are fed by a single feed point 70. The inner
radiating element 62 has a plurality of slits 72 extending
inward from its outer perimeter and the outer radiating ele-
ment 64 has a plurality of slits 74, greater in number than the
inner radiating element, extending inward from its inner and
outer perimeters. The slits 72, 74 reduce the overall antenna
dimensions while tuning each radiating element 62, 64 to an
intended operating frequency.

Providing slits in the radiating elements will shift the
antenna resonate frequency. More slits will cause a downward
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shift in the frequency and will make the physical size of the
antenna smaller. Each antenna can be adjusted to its intended
application, so it should be noted that while six and eleven
slits are shown in the embodiment in FIG. 6, it is in no way
limiting. Furthermore, slits are shown on both the inner and
outer perimeter of the outer radiating element. Yet it is pos-
sible that only one of the inner or outer perimeters of the outer
radiating element may have slits. One skilled in the art is
capable of determining the number of slits, their dimension
and their location in order to adjust the antenna frequency to
its desired resonate frequency.

While slits reduce the physical size of the antenna, intro-
ducing slits on the sides of the microstrip antenna makes the
antenna “electrically” bigger, and therefore the radiating ele-
ment will resonate at a lower frequency. More slits on the
antenna causes the currents on the surface of the radiating
element to travel around the slits, thereby making the antenna
electrically bigger, and shifting the resonate frequency lower.

Unlike the embodiment shown in FIGS. 1-5, the embodi-
ment shown in FIG. 6 is circularly polarized. The inner radi-
ating element 62 operates at a first frequency and is left-hand
circularly polarized since the diagonal corners 76, 78 are
blunt. The outer radiating element 64 is polarized in a second
direction opposite of the inner radiating element 62 and is
right-hand circularly polarized since diagonal corners 80, 82
are cut. While the use of diagonal corners is shown as a
manner of directing polarization, it would be appreciated that
many other ways of direction polarization exist including, for
example, modifying opposite corners of both radiating ele-
ments.

Referring to FIGS. 1 through 6, the cross-shaped feed
network 22 is capacitively coupled to the radiating elements
12, 14 and physically connected to the feed point 24. FIG. 2 in
particular shows the inner conductor 28 of the coaxial cable
26 being connected to the feed point 24 and the outer con-
ductor 30 of the coaxial cable being connected to the ground
plane 18. The cross-shape has four segments, or arms 23a,
23b, 23c¢, 234, all interconnected, yet not dependent on each
other for dimensional characteristics. Each arm segment, 23 ¢
through d, can be a different length and the physical adjacent
length with the radiating element will determine the coupling
capacitance between the feed line and the radiating element.
The duality of the cross shape increases the coupling with
each radiating elements, especially in the case where each
radiating element is operating at a different frequency band-
width. The coupling capacitance between the feed line and
the radiating elements is proportional to the length of each
side of the element and a gap distance between the inner and
outer radiating elements.

By changing the length, width or both dimensions of each
of the four arm segments, 23 a through d, the physical pro-
portions between the microstrip antenna and the gap distance
can be modified as desired. The size and shape of the feed
network 22 directly affect the impedance and frequency
bandwidth of each patch allowing each radiating element to
operate at different frequencies. The feed network 22 is also a
microstrip line that is electrically connected to the radiating
elements through capacitive coupling. Therefore, altering the
size and shape of the feed network 22 is relatively simple and
inexpensive, just as it is for the radiating elements 12 and 14.

The capacitive coupling and cross-shaped feed network 22
excites each radiating element 12, 14 by close proximity
between the feed network 22 and the microstrip antenna
edges. The cross shape of the feed network of the present
invention allows each radiating element 12, 14 of the antenna
to resonate independently. Therefore, each of the radiating
elements 12, 14 are isolated from each other while using only
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a single feed line that is capacitively coupled to each radiating
element by way of the arm segments 23a, 235, 23¢, 23d.

In FIGS. 1 through 6, the feed point 24 is shown to be
positioned at the point of intersection of the cross-shaped feed
network 22. This is for example purposes only. The feed point
24 can be located anywhere in the cross-shaped feed network
22. The location of the feed point 24 will affect the antenna
impedance, resonant frequency and isolation between the two
radiating elements. Therefore, the feed point 24 will be
located where the antenna is tuned. One skilled in the art is
capable of determining the feed point location depending on
the antenna characteristics and application.

An example application of the embodiment shown in FIG.
6 is in the automotive industry. The antenna embodiment
shown in FIG. 6, can be used at frequencies that are typical for
both a GPS and SDARS antenna. GPS operates at the GPS L1
band having a center frequency on the order of 1.57542 GHz
with right hand circular polarization. The SDARS receiving
antenna needs to operate at 2320 MHz to 2332.5 MHz for
Sirius satellite radio and 2332.5 MHz-2345 MHz for XM
satellite radio, both with left hand circular polarization. The
embodiment shown in FIG. 6, the inner radiating element 62
can operate at the SDARS band between 2320 and 2345 MHz
with left hand circular polarization. The outer radiating ele-
ment 64 operates at the GPS L1 band and has right hand
circular polarization.

In the embodiments shown in FIGS. 1 through 6 the feed
network 22 is capacitively coupled to both of the radiating
elements for each configuration shown in the embodiments.
The cross-shaped feed network 22 can be likened to an island
between the inner and outer radiating elements 12, 14 in that
the arm segments 23 a through d are not in physical contact
with the radiating elements. However, there are several pos-
sible methods of feeding the radiating elements, only one of
which is capacitive coupling. The impedance matching and
performance of a single radiating element is improved for
certain operating conditions by applying a direct feed, or
physically connected feed network. Likewise, in certain
applications it may be advantageous to utilize multiple feed
points, or the need for multiple feed points might be unavoid-
able. For example, in a microstrip antenna with two radiating
elements the elements cannot be directly fed by a single feed
line or the elements become essentially one antenna and will
resonate at a single fundamental frequency. In the case where
two elements need to resonate independently and be isolated
from each other, more than one direct feed is necessary.

FIG. 7 shows another embodiment of the microstrip
antenna at 90 in which a feed network having multiple feed
point locations is utilized. Elements in FIG. 7 that are similar
to elements in FIGS. 1 and 2 have the same reference num-
bers. The inner and outer radiating elements 12 and 14 are
co-planar and spaced from each other by a predetermined
distance 16. The dielectric material 20 is supported by the
ground plane (not shown in FIG. 7). However, the feed net-
work in the embodiment shown in FIG. 7 is different than the
cross-shaped feed network of the embodiments shown in
FIGS. 1 through 6. In the embodiment shown in FIG. 7 the
feed network has multiple feed point locations 92 on the inner
radiating element 12 and multiple feed point locations 94 on
the outer radiating element 14. The multiple feed point loca-
tions 92 on the inner radiating element may be either directly
fed or indirectly fed. Likewise, the multiple feed point loca-
tions 94 on the outer radiating element may be either directly
fed or indirectly fed.

For example purposes only, the embodiment shown in FI1G.
7 shows the inner radiating element 12 having a direct feed
and the outer radiating element having an indirect feed. In this
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embodiment, the two radiating elements 12 and 14 are fed
separately. The inner radiating element 12 is physically con-
nected to a probe or a coaxial cable feed point (not shown in
FIG. 7). The outer radiating element 14 is fed capacitively
through the island-like feed point 94. The capacitive coupling
for the outer radiating element 14 provides improved imped-
ance matching and a much wider bandwidth than a direct
probe feed to the outer radiating element 14 would provide.
As discussed above, a direct feed has high impedance,
thereby affecting impedance matching and narrowing band-
width. Therefore, an indirect feed will provide better imped-
ance matching and a wider bandwidth.

FIG. 8 is a cross-sectional view of the antenna of FIG. 7
taken along line 7-7. The feed point locations on the inner
radiating element 12 are physically connected to the patch
element 12 by way ofa feed pin 24 and a coaxial cable 26. The
inner radiating element 12 has a direct feed to each of the feed
point locations, yet only one feed point location will be
selected and be active at a time. The outer radiating element
14 has a feed pin 24 that is in direct contact with the microstrip
island element 98. The radiating element 14 is capacitively
coupled to the feed point 24 through annular space 96. The
feed pin 24 is fed by an RF source such as the coaxial cable 26
shown.

FIG. 8 shows another configuration of the direct and indi-
rect feed points in which the inner radiating element 12 is
indirectly fed by the island feeds 94, 96, 98 and the outer
radiating element 14 is directly fed by feed points 92. In the
alternative, although not shown, both the inner and outer
radiating elements are fed in the same manner, either directly
fed or indirectly, yet each radiating element is supplied by its
own separate feed. The combination of direct and indirect
feeds will depend upon the antenna application. It is known in
the art that a direct feed is more robust than an indirect feed.
Therefore, in high volume productions, small gap variations
in an indirect feed may introduce unwanted issues. On the
other hand, direct feeds introduce impedance that can be
avoided with an indirect feed. Depending on a particular
antenna application, this may or may not be an issue. There-
fore, the combination of feed configurations may be depen-
dent upon the antenna use, manufacture and design.

Referring again to FIG. 7, the multiple feed point locations
92, 94 provide flexibility when selecting vertical or horizontal
linear polarization for each radiating element. Circular polar-
ization is also possible and will be discussed for this embodi-
ment later herein. The multiple feed point locations increase
isolation between the inner and outer radiating elements 12,
14, as only one feed line for each radiating element is selected
for each antenna application. The radiating elements 12, 14
may be fed at a vertical side or a horizontal side. While the
feed line will be only be provided at one of either the vertical
or horizontal sides for each radiating element 12, 14, the
presence of either option increases the flexibility of the
antenna making it advantageous for use in multiple applica-
tions without adding excessive cost to the design and manu-
facture of the antenna. For increased isolation, each radiating
element can be fed from opposite, or different, sides.

The polarization for the embodiment shown in FIG. 7 has
been shown and described as vertical and horizontal linear
polarization. However, as mentioned above, circular polar-
ization is possible in accordance with the same descriptions
herein relative to FIG. 6. Altering two diagonal corners on the
radiating elements of the embodiment shown in FIG. 7 to
provide blunt edges will create circular polarization and, as
discussed in conjunction with FIG. 6, any combination of
corners is possible.
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For circular polarization the microstrip antenna can be
center fed with blunt edge diagonal corners, or the antenna
can be fed diagonally. FIG. 9 shows the difference between
feed point locations for a center feed and a diagonal feed. For
a center feed network, the feed points are positioned on the
symmetric center line CL of the radiating elements 12,14 and
the position for the feed on the center line is determined by the
antenna tuning. For a diagonal feed network, the feed points
are located on a diagonal line, DL, of the elements 12, 14
whose position is also determined by the antenna tuning.

The invention covers all alternatives, modifications, and
equivalents, as may be included within the spirit and scope of
the appended claims.

What is claimed is:

1. A microstrip antenna comprising:

a ground plane;

a dielectric material having a predetermined thickness dis-
posed on the ground plane;

an inner radiating element disposed on the dielectric mate-
rial, the inner radiating element having a predetermined
outer perimeter and a first resonating frequency;

an outer radiating element disposed on the dielectric mate-
rial, co-planar with and at least partially surrounding the
inner radiating element, the outer radiating element
being spaced from the predetermined outer perimeter of
the inner radiating element by a predetermined distance,
the outer radiating element having a predetermined
inner perimeter, a predetermined outer perimeter and a
second resonating frequency different from the first
resonating frequency of the inner radiating element;

a first plurality of radiating apertures between a top edge of
the predetermined outer perimeter of the inner radiating
element and the ground plane;

a second plurality of radiating apertures between a top edge
of the predetermined inner and outer perimeters of the
outer radiating element and the ground plane;

a cross-shaped microstrip feed network disposed between
and coplanar with the inner and outer radiating elements,
the cross-shaped microstrip feed network being sepa-
rated from the inner and outer radiating elements by a
predetermined distance, the cross-shaped microstrip
feed network being capacitively coupled to the inner and
outer radiating elements and having a coupling capaci-
tance between the feed network and the inner and outer
radiating elements that is proportional to the predeter-
mined distance between the cross-shaped microstrip
feed network and the inner and outer radiating elements.

2. The microstrip antenna as claimed in claim 1 wherein the

cross-shaped feed network further comprises four segments,
each interconnected and having a predetermined length
wherein the length of each of the four segments is directly
proportional to the coupling capacitance.

3. The microstrip antenna as claimed in claim 2 further

comprising;

a single feed pin located in the cross-shaped feed network;
and

an RF feed connected to the single feed pin and the ground
plane.

4. The microstrip antenna as claimed in claim 1 further

comprising:

afirst plurality of slits in the predetermined outer perimeter
of the inner radiating element; and

a second plurality of slits in at least one of the predeter-
mined inner and outer perimeters of the outer radiating
element,
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wherein the first and second plurality of slits tune the
microstrip antenna to first and second resonating fre-
quencies.
5. The microstrip antenna as claimed in claim 1 further
comprising:
the inner radiating element having a square predetermined
perimeter;
a first corner of the square predetermined perimeter of the
inner radiating element having a blunt edge; and
a second corner of the square predetermined perimeter of
the inner radiating element having a blunt edge, the
second corner being diagonally opposite the first corner;
wherein the first and second blunt edge corners of the inner
radiating element provide a circular polarization for the
inner radiating element.
6. The microstrip antenna as claimed in claim 1 further
comprising:
the outer radiating element having a square ring predeter-
mined perimeter;
a first outer corner of the square perimeter of the outer
radiating element having a blunt edge; and
a second outer corner of the square ring perimeter of the
outer radiating element having a blunt edge, the second
outer corner being diagonally opposite the first outer
corner thereby defining a circular polarization for the
outer radiating element.
7. The microstrip antenna as claimed in claim 5 further
comprising:
the outer radiating element having a square predetermined
perimeter;
a first outer corner of the square ring perimeter of the outer
radiating element having a blunt edge; and
a second outer corner of the square ring perimeter of the
outer radiating element having a blunt edge, the second
outer corner being diagonally opposite the first outer
corner thereby defining a circular polarization for the
outer radiating element.
8. The microstrip antenna as claimed in claim 7 further
comprising:
the blunt edge of the first corner of the inner radiating
element and the blunt edge of'the first outer corner of the
outer radiating element being in similar corner loca-
tions;
the blunt edge of the second corner of the inner radiating
element and the blunt edge of the second outer corner of
the outer radiating element being in similar corner loca-
tions; and
wherein the circular polarization of the inner radiating
element is in the same direction as the circular polariza-
tion of the outer radiating element thereby defining co-
circular polarization of the microstrip antenna.
9. The microstrip antenna as claimed in claim 7 further
comprising:
the blunt edge of the first corner of the inner radiating
element and the blunt edge of'the first outer corner of the
outer radiating element being in diagonally opposite
corner locations relative to each other;
the blunt edge of the second corner of the inner radiating
element and the blunt edge of the second outer corner of
the outer radiating element are in diagonally opposite
corner locations relative to each other; and
wherein the circular polarization of the inner radiating
element is a direction opposite to the circular polariza-
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tion of the outer radiating element thereby defining dual-
circular polarization of the microstrip antenna.

10. A microstrip antenna comprising:

a ground plane;

a dielectric material having a predetermined thickness dis-
posed on the ground plane;

an inner radiating element disposed on the dielectric mate-
rial, the inner radiating element having a predetermined
outer perimeter, a first resonant frequency and a first
polarization;

an outer radiating element disposed on the dielectric mate-
rial, co-planar with and at least partially surrounding the
inner radiating element, the outer radiating element hav-
ing a predetermined inner perimeter being spaced a pre-
determined distance from the predetermined outer
perimeter of the inner radiating element, a predeter-
mined outer perimeter, a second resonant frequency and
a second polarization;

a cross-shaped microstrip feed line disposed between and
coplanar with the inner and outer radiating elements, the
cross-shaped microstrip feed line being separated from
the inner and outer radiating elements by a space having
a predetermined size and defining a coupling capaci-
tance between the cross-shaped microstrip feed line and
the inner and outer radiating elements.

11. The microstrip antenna as claimed in claim 10 wherein
the cross-shaped microstrip feed line further comprises four
intersecting segments, each segment having a predetermined
length wherein the length of each of the four segments is
directly proportional to the coupling capacitance.

12. The microstrip antenna as claimed in claim 11 wherein
the cross-shaped microstrip feed line further comprises a
single feed pin.

13. The microstrip antenna as claimed in claim 12 wherein
the single feed line is fed by a coaxial cable having inner and
outer conductors, the inner conductor being connected to the
microstrip patch feed line and the outer conductor being
connected to the ground plane.

14. The microstrip antenna as claimed in claim 12 wherein
the single feed pin is located at a point of intersection of the
four intersecting segments.

15. The microstrip antenna as claimed in claim 10 wherein
the inner radiating element has a predetermined shape and the
outer radiating element has a predetermined shape at least
partially surrounding the inner radiating element wherein the
predetermined shape ofthe inner and outer radiating elements
are selected from the group consisting of: a circle and a
polygon.

16. The microstrip antenna as claimed in claim 10 wherein
the first polarization and the second polarization are the same.

17. The microstrip antenna as claimed in claim 16 wherein
the first and second polarizations are linear.

18. The microstrip antenna as claimed in claim 16 wherein
the first and second polarizations are circular.

19. The microstrip antenna as claimed in claim 18 wherein
the first polarization is a circular polarization in a first direc-
tion and the second polarization is a circular polarization in a
second direction that is opposite the first direction.

20. The microstrip antenna as claimed in claim 10 wherein
the first polarization is a linear polarization and the second
polarization is a linear polarization perpendicular to the first
polarization.
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1
SLOT ANTENNA

BACKGROUND

1. Field of the Invention

Embodiments of the present disclosure relate to antennas,
and particularly, to a slot antenna.

2. Description of Related Art

Due to an increasing demand for wireless communication
devices, there has been significant growth in wireless com-
munication technology. Antennas are essential components
in wireless communication devices for radiating electromag-
netic signals. Frequency band and stability of antennas are
especially significant factors to consider in the design of
antennas.

Wideband slot antennas are very widespread in terms of
research and practical application of antennas. Due to tem-
perature variation, frequency offsets of slot antennas often
occur. The slot antennas associated therewith are conse-
quently required to have a wide and stable frequency band
that is not affected by the temperature.

SUMMARY

An exemplary embodiment of the present disclosure pro-
vides a slot antenna. The slot antenna is located on a substrate
and comprises a grounding portion, a radiating portion, and a
feeding portion. The grounding portion is placed on the sub-
strate. The radiating portion is symmetrically octagonal-
shaped and defines four trapezoidal-shaped slots on opposite
sides thereof. The radiating portion is parallel to the ground-
ing portion. The feeding portion electrically connects the
radiating portion to the grounding portion for feeding elec-
tromagnetic signals.

Other advantages and novel features of the present inven-
tion will become more apparent from the following detailed
description of preferred embodiments when taken in conjunc-
tion with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a slot antenna in accor-
dance with an exemplary embodiment of the present disclo-
sure;

FIG. 2 is a top view of one embodiment of the slot antenna
of FIG. 1;

FIG. 3 shows one exemplary embodiment of dimensions of
the slot antenna of FIG. 1;

FIGS. 4-5 are test charts showing exemplary radiation
patterns of one embodiment of the slot antenna of FIG. 1 with
45° and 60° angles, respectively; and

FIG. 6 is a graph showing one embodiment of a return loss
of the slot antenna of FIG. 1.

DETAILED DESCRIPTION

FIG. 1 is a schematic diagram of a slot antenna 10 in
accordance with an exemplary embodiment of the present
disclosure. As shown, the slot antenna 10 is positioned on a
substrate 20 and includes a radiating portion 110, a feeding
portion 210, and a grounding portion 310. The grounding
portion 310 is positioned on the substrate 20.

The radiating portion 110 is symmetrically octagonally-
shaped and defines four slots at four corners of two opposite
sides of the substrate 20. The radiating portion 110 transmits
and receives electromagnetic signals for the slot antenna 10.
The four slots are elongated along an X-axis and parallel with
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one another. The four slots include a first slot 121, a second
slot 122, a third slot 123, and a fourth slot 124. Each slot 121,
122, 123, 124 is located at one of the four corners of the
symmetrically octagonal-shaped radiating portion 110. In the
present embodiment, the slots are shaped as right-angled
trapezoids. The radiating portion 110 is parallel to the
grounding portion 310.

The symmetrically octagonal-shaped radiating portion 110
improves the radiation performance of the antenna 10 via
coordination with reducing the width of four right-angled
trapezoidal slots.

The radiating portion 110 conjoins the feeding portion 210
at a feeding joint 130, wherein the feeding joint 130 is on one
corner of the octagon without the slot 121,122,123, 124. The
radiating portion 110, in one embodiment, is substantially
parallel along the Y-axis to the grounding portion 310 so as to
form a gap between the radiating portion 110 and the ground-
ing portion 310.

The feeding portion 210 electrically connects the radiating
portion 110 to the grounding portion 310. In one embodi-
ment, the feeding portion 210 is cylindrically-shaped along a
Y-axis and electrically connected to the feeding joint 130
through a welding process.

The grounding portion 310 defines a conductive via 320. In
one embodiment, the projection of the feeding portion 210
onto the grounding portion 310 is received in the conductive
via 320.

The slot antenna 10 further includes a connecting portion
220 that connects the feeding portion 210 to the grounding
portion 310 through the conductive via 320. In one embodi-
ment, the connecting portion 220 is cylindrically-shaped. The
connecting portion 220 and the feeding portion 210 are
tightly coupled together and can easily be connected and
disconnected. For example, the connecting portion 220 may
be frictionally coupled to the feeding portion 220.

In one embodiment, the grounding portion 310 and the
radiating portion 110 are made of the same material. Prefer-
ably, the grounding portion 310 and the radiating portion 110
are made of iron for reducing costs. They can also be made of
other metals, such as aluminum.

Inone embodiment, the gap between the grounding portion
310 and the radiating portion 110 may be filled with air.
Accordingly, the, the slot antenna 10 has a stable frequency
that is substantially not affected by the temperature of an
outside environment.

FIG. 3 shows one exemplary embodiment of dimensions of
the slotantenna 10 of FIG. 1. In one embodiment, the ground-
ing portion 310 is square-shaped and has a length of approxi-
mately 100 millimeters (mm). Lengths of eight sides of the
radiating portion 110 are respectively 24 mm, 20 mm, 24 mm,
24 mm, 24 mm, 20 mm, 24 mm, and 24 mm, starting from the
top end as depicted in FIG. 3 in a counter-clockwise direction.
The first slot 121, the second slot 122, the third slot 123, and
the forth slot 124 are right-angled trapezoids in the same
specification with a short side being approximately 10 mm,
the long side being approximately 13 mm, and the height
being approximately 5 mm.

FIGS. 4-5 are test charts showing exemplary radiation
patterns of one embodiment of the slot antenna 10 of FIG. 1
with 45° and 60° angles view, respectively. As shown, the slot
antenna 10 can radiate at any angle and is quantified in accor-
dance with application requirements.

FIG. 6 is a graph showing one embodiment of a return loss
of the slot antenna 10 of FIG. 1. As shown, when the slot
antenna 10 operates in frequency bands of approximately
3.5-3.7, the return loss is less than —10 dB.
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The description of the present disclosure has been pre-
sented for purposes of illustration and description, and is not
intended to be exhaustive or limited to the disclosure in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art. The embodiment
was chosen and described in order to best explain the prin-
ciples of the disclosure, the practical application, and to
enable others of ordinary skill in the art to understand the
disclosure for various embodiments with various modifica-
tions as are suited to the particular use contemplated.

What is claimed is:

1. A slot antenna positioned on a substrate, comprising:

a grounding portion positioned on the substrate;

asymmetrically octagonal-shaped radiating portion, defin-

ing along a continuous outside edge of the radiating
portion, a first, a second, a third, and a fourth right-angle
trapezoidal shaped slot; wherein the first slot is located
in place of a first corner of the symmetrically octagonal-
shaped radiating portion, the second slot is located in
place of a second corner, which is immediately adjacent
to the first corner, and the first and second slots are
separated by only a first side of the octagonal-shaped
radiating portion; wherein the third and fourth slots are
located on corners of a second side located directly
opposite the first side, wherein the four slots and sym-
metrically octagonal-shaped radiating portion is sym-
metric about at least two lines bisecting the symmetri-
cally octagonal-shaped radiating portion, wherein the
two lines are orthogonal; wherein the radiating portion is
parallel along a Y-axis to the grounding portion so as to
form a gap between the radiating portion and the
grounding portion; and

a feeding portion electronically connecting the radiating

portion to the grounding portion, for feeding electro-
magnetic signals to the slot antenna.

2. The slot antenna as claimed in claim 1, wherein a joint of
the feeding portion and the radiating portion is on another
corner of the radiating portion without one of the four trap-
ezoidal-shaped slots.

3. The slot antenna as claimed in claim 1, further compris-
ing a connecting portion connecting the grounding portion to
the feeding portion.
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4. The slot antenna as claimed in claim 3, wherein the
feeding portion and the connecting portion are cylindrically-
shaped.

5. The slot antenna as claimed in claim 4, wherein the
feeding portion is frictionally coupled to the connecting por-
tion.

6. The slot antenna as claimed in claim 1, wherein the
grounding portion and the radiating portion are made of iron.

7. The slot antenna as claimed in claim 1, wherein the gap
is filled with air.

8. A slot antenna positioned on a substrate, comprising:

a grounding portion positioned on the substrate;

a radiating portion having a regular octagonal shape, defin-
ing along a continuous outside edge of the radiating
portion, a first, a second, a third, and a fourth slot;
wherein the first slot is located in place of a first corner
of the regular octagonal shape radiating portion, the
second slot is located in place of a second corner, which
is immediately adjacent to the first corner, and the first
and second slots are separated by only a first side of the
regular octagonal shape radiating portion; wherein the
third and fourth slots are located on corners of a second
side located directly opposite the first side, wherein the
four slots and regular octagonal shape radiating portion
is symmetric about at least two lines bisecting the regu-
lar octagonal shape radiating portion, wherein the two
lines are orthogonal; wherein the radiating portion is
parallel along a Y-axis to the grounding portion so as to
form a gap between the radiating portion and the
grounding portion; and

a feeding portion electrically connecting the radiating por-
tion to the grounding portion for feeding electromag-
netic signals to the slot antenna;

wherein a joint of the feeding portion and the radiating
portion is on another corner of the regular octagonal
shape without one of the four slots.

9. The slot antenna as claimed in claim 8, wherein the four
slots comprises an elongated rectangular shape and are par-
allel with one another.

10. The slot antenna as claimed in claim 8, wherein the gap
is filled with air.
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1
NOTCHED ANTENNA STRUCTURE WITH A
STEPPED SHAPED ELEMENT

FIELD OF THE INVENTION

This invention relates generally to communication devices,
and more particularly to a method and system of forming an
antenna using a stepped structure in a ground plane that can
use existing radio feature architectures.

BACKGROUND

Existing antennas in radios or cellular phones having a
wide range of requirements in terms of gain and bandwidth
usually come in the form of an integrated stand alone struc-
ture inside the equipment or as standard patch antennas on a
printed circuit board of the radio. Integration into a standard
antenna such as a helical, monopole or patch antenna is not
always possible or feasible, particularly for lower frequen-
cies. Standard patch antennas are not big enough to perform
properly to meet all the requirements in terms of bandwidth
and gain. Further exacerbating the issues facing standard
antennas are the trend for making radios smaller. The existing
minimal volume antennas are usually components with high
Q feeders or resonators that are deficient in terms of gain and
bandwidth for current radio requirements. Some of the issues
result from random ground excitation.

SUMMARY

Embodiments in accordance with the present invention can
provide an antenna assembly that comprises a stepped shaped
in a ground plane that can utilize existing architectures such
as functional knobs on radios to efficiently provide flexible
and varied antenna performance with reduced overall vol-
ume.

In a first embodiment of the present invention, an antenna
assembly in a radio can include a ground plane formed on a
chassis of the radio where the ground plane has a stepped
shape forming an antenna element, a notch element in the
ground plane substantially adjacent to the stepped shape or in
the stepped shape and having length less than Y4 wavelength,
and a coaxial cable feeding the antenna element. A shield of
the coaxial cable can be directly connected to the ground
plane and a center conductor of the coaxial cable can be
directly coupled to the stepped shape to provide a galvanic
connection for narrowband performance or alternatively the
center conductor can be electromagnetically coupled to the
stepped shape for wideband performance. The antenna
assembly can create a zero volume notch type ground exci-
tation. The placement and direction of the notch element
determines a polarization and a radiation pattern of the
antenna element. The antenna assembly can be formed for
integrated multiple MIMO antennas within the radio with
different polarization and radiation patterns. The notch ele-
ment can be a very short notch element near the stepped shape
that forms part of the ground plane. Note that the notch
element can be excited in parallel to provide both a galvanic
connection for narrowband performance and electromagneti-
cally coupled to the stepped shape for wideband performance
for at least two different frequencies. Further note that the
stepped shape forms a portion of a functional knob for the
radio and can overlap at least a portion of the chassis. In one
variant, a galvanic connection can exist between the func-
tional knob and the ground plane formed on the chassis of the
radio where a shorting element forms the galvanic connection
between the functional knob and the chassis for example. The
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functional knob can be a rotary switch for squelch or a knob
for channel selection or a knob for volume selection. The
antenna can have a coupling feed system without a mechani-
cal connection between a body of the functional knob and the
coaxial cable, where the functional knob is formed from the
stepped shape forming the antenna.

In a second embodiment of the present invention, an
antenna assembly in a radio can include a ground plane
formed on a chassis of the radio, a functional knob for the
radio further having at least a portion of the functional knob
serving as the antenna element, a notch element in the ground
plane of a predetermined dimension between the antenna
element and the chassis, and a coaxial cable (the feed) feeding
the antenna element and a shorting element. The antenna
assembly can further include a galvanic connection between
the functional knob and the central conductor of the feed for
narrowband performance or an electromagnetic coupling
between the functional knob and the central conductor of the
feed for wideband performance or both. A galvanic connec-
tion can exist between the functional knob and the ground
plane formed on the chassis of the radio. Further note that the
functional knob can overlap at least a portion of the ground
plane formed on the chassis of the radio. A shorting element
can form the galvanic connection between the functional
knob and the chassis. The function knob can be a rotary
switch for squelch, for channel selection or for volume. The
antenna assembly can have a coupling feed system without a
mechanical connection between a body of the functional
knob and the coaxial cable. Note that the chassis and the
stepped shape forming a portion of the functional knob can be
on a single plane.

In a third embodiment, an antenna assembly in a radio can
include a ground plane formed on a chassis of the radio where
the ground plane has a stepped shape forming an antenna
element, a functional knob for a radio further having at least
a portion of the functional knob serving as the antenna ele-
ment, a notch element in the ground plane of a predetermined
dimension between the antenna element and the chassis, a
coaxial cable feeding the antenna element (the feed), and a
galvanic connection between the functional knob and the feed
for narrowband performance and an electromagnetic cou-
pling between the stepped shape and the feed for wideband
performance.

The terms “a” or “an,” as used herein, are defined as one or
more than one. The term “plurality,” as used herein, is defined
as two or more than two. The term “another,” as used herein,
is defined as at least a second or more. The terms “including”
and/or “having,” as used herein, are defined as comprising
(i.e., open language). The term “coupled,” as used herein, is
defined as connected, although not necessarily directly, and
not necessarily mechanically. The term “suppressing” can be
defined as reducing or removing, either partially or com-
pletely.

The terms “notch,” “slot,” and the like as used herein, can
include a missing portion in a ground plane or a chassis of a
radio containing a ground plane. A stepped element or portion
as contemplated herein can serve as an antenna or radiating
element that can be on the same plane as the ground plane on
a chassis or can be slightly offset from the ground plane. The
stepped element can form a portion of a functional knob of a
radio such as a rotary knob for squelch, channel selection or
volume, but is not necessarily limited to such functional
knobs. The stepped element can also form a portion of a
conventional antenna that can be connected to the chassis of
a radio using an SMA connector for example. As contem-
plated, the stepped element can form any portion of existing
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radio architectures to provide additional function and perfor-
mance as further described below.

Other embodiments, when configured in accordance with
the inventive arrangements disclosed herein, can include a
system for performing and a machine readable storage for
causing a machine to perform the various processes and meth-
ods disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of an antenna assembly including a
ground plane having a notch and a functional knob forming an
antenna element in accordance with an embodiment of the
present invention.

FIG. 2 is a perspective view of the antenna assembly with
electromagnetic coupling feed system in accordance with an
embodiment of the present invention.

FIG. 3 is another perspective view of the antenna assembly
of FIG. 2 in accordance with an embodiment of the present
invention.

FIGS. 4-7 illustrate various antenna assembly architec-
tures with various stepped shapes where

FIGS. 4 and 5 illustrate a radio with a cutout in the chassis,

FIG. 6 illustrates an SMA ground connector and

FIG. 7 illustrates an SMA ground connector and antenna
ground all in accordance with embodiments of the present
invention.

FIG. 8 illustrates an antenna assembly with a coaxial cable
having a galvanic connection to a stepped shape forming the
antenna in accordance with an embodiment of the present
invention.

FIG. 9 illustrates an antenna assembly with a coaxial cable
having a electromagnetic coupling to the stepped shape form-
ing the antenna in accordance with an embodiment of the
present invention.

FIG. 10 illustrates an antenna assembly having both or in
parallel a galvanic connection to a stepped shape and a elec-
tromagnetic coupling to the stepped shape in accordance with
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims defining the
features of embodiments of the invention that are regarded as
novel, it is believed that the invention will be better under-
stood from a consideration of the following description in
conjunction with the figures, in which like reference numerals
are carried forward.

The antenna and antenna assembly described herein can be
very small in comparison to other internal antennas and can
be ten percent (10%) the size in volume. Furthermore, the
antenna assemblies herein can also utilize or incorporate
existing architectures or structures that are already found in
radios to reduce the overall size and volume of such radios
and thereby enables the antenna to outperform all other inter-
nal antennas. These antennas can enhance or complement the
antenna type range and can be useful for police radios with
function knobs such as channel selector or squelch or volume
knobs. The alternative main antenna as the main parasitic
element.

Referring to FIGS. 1-3, an antenna assembly 10 is shown in
aradio that can include a ground plane formed on a chassis 12
of the radio and the functional knob forming an antenna
element 11. The antenna assembly further includes a notch
element 14 in the ground plane substantially adjacent to the
functional knob 11 and having the length less than %4 wave-
length, and a coaxial cable 13 feeding the antenna element 11.
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A shield of the coaxial cable can be directly connected to the
ground plane and a center conductor of the coaxial cable can
be directly coupled to the functional knob to provide a gal-
vanic connection for narrowband performance of the antenna
or alternatively the center conductor can be electromagneti-
cally coupled (as shown in FIGS. 2 and 3) to the functional
knob for wideband performance of the antenna. The antenna
assembly can create a zero volume notch type ground exci-
tation. The placement and direction of the notch element
determines a polarization and a radiation pattern of the
antenna element. The antenna assembly can be formed for
multiple integrated Multiple-input multiple-output (MIMO)
antennas within the radio with different polarization and
radiation patterns. The notch element 14 can be a very short
notch element near the functional knob 11. Note that the
notch element 14 can be excited in parallel (as shown in FI1G.
10) to provide both a galvanic connection for narrowband
performance and electromagnetically coupled to the func-
tional knob for wideband performance for two different fre-
quencies. Further note as seen in FIG. 1, that the functional
knob 11 can overlap a portion of the ground plane or chassis
12. In one variant, a galvanic connection can exist between
the functional knob 11 and the ground plane formed on the
chassis 12 of the radio where a shorting element 15 forms the
galvanic connection between the function knob 11 and the
chassis 12 for example. The functional knob 11 can be a
rotary switch for squelch or a knob for channel selection or a
knob for volume selection. The antenna element 11 can have
a coupling feed system without a mechanical connection
(e.g., no shorting element 15) between a body of the func-
tional knob and the coaxial cable. An antenna as described
above can be termed a single plane notch excited antenna that
serves as a minimal volume integrated antenna with con-
trolled radiation properties.

Embodiments herein can be generally be used as internal
antennas for portable or mobile radio equipment. Existing
internal antennas in radio equipment are typically variations
of'a PIFA antenna with a volume inside of the equipment of
approximately 0.10x0.15x0.15A. The embodiments herein
can significantly reduce the internal volume used in a radio by
planting a small notch in a chosen point, with an (almost)
plane structure 0£0.15x0.05x0.02A which is significantly less
than the noted existing PIFA antenna.

This structure in accordance with the embodiments herein
can be particularly applicable for cellular, GPS and 2.4 GHz
antennas where today’s handheld equipment is looking to
decrease the it’s volume. In modern cellular phones or hand-
held terminals, the location and type of the antenna used are
important. Note that the embodiments herein can beused in a
variety of configurations without deviating from the broad
scope contemplated. For example, with reference to FIGS.
4-9, the antenna assemblies 40, 50, 60, 70, 80 and 90 respec-
tively can take on various forms and still be within the
claimed embodiments herein. In general, almost any ground
plane including a stepped shape element can be exited for
purposes of an antenna assembly in accordance with the
embodiments. For example, FIGS. 4 and 5 illustrate a radio
having a ground plane in the chassis with cutouts of various
sizes that form a stepped element. In the case of FIG. 4, the
assembly 40 includes a chassis 41 and a stepped element 42
serving as the antenna element. In FIG. 5, the assembly 50
includes a chassis 51 and a stepped element 52 serving as the
antenna element. The stepped element 42 and 52 from the
FIGS. 5 and 6 respectively, can be a portion of the ground
planes of the chassis 41 and 51 respectively. The antenna
assembly 60 of FIG. 6 can include a chassis 61 and stepped
element 62. The stepped element 62 can be abody of the SMA
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connector or a functional knob. The stepped element 62 has
overlap with portion of the ground plane of the chassis 61.
The connection between the stepped element 62 and ground
plane on the chassis 61 can be a body of an SMA connector
coupled to ground. Similarly, the antenna assembly 70 of
FIG. 7 can include a chassis 71 and stepped element 72 where
the connection between the stepped element 72 and ground
plane on the chassis 71 can be a body of the SMA connector
coupled to ground where the SMA connector is part of an
external antenna that is also grounded.

With respect to FIGS. 8 and 9, it should be noted that
modifications to a feed (such as a coaxial feed) can provide
additional flexibility and performance beyond the size ben-
efits already discussed above. With modifications to the feed,
very wide bandwidth for the main frequency can be achieved
by using the electromagnetic coupling feed system instead of
the direct (galvanic) feed system. Furthermore, the modified
feed can also provide control over additional polarizations
which can be useful for GPS applications. Referring to FIG.
8, an antenna assembly 80 can include a chassis 81 and
stepped element 82 where the connection between a feed 83
and the stepped element 83 can be a galvanic connection.
Referring to FIG. 9, an antenna assembly 90 can include a
chassis 91 and stepped element 92 (serving as an antenna
element) where the connection between a feed 93 and the
stepped element 93 can be a electromagnetic connection.

Withrespectto FIG. 10, an antenna assembly 100 ofaradio
can include a chassis 101 and a stepped element 102 serving
as an antenna element that can be a portion of a function knob.
The antenna assembly 100 can further include a galvanic
connection between the stepped element 102 and a feed 103
for narrowband performance and an electromagnetic cou-
pling between the stepped element 102 and a feed 104 for
wideband performance. These two feeds can be exciting the
one body of the antenna into two different frequencies.

As noted above, embodiments herein do not require a spe-
cial volume inside or outside a radio unit, but instead can
facilitate the use of an existing unit’s architecture to accom-
modate additional elements without global changes in the
mechanical parts and into the outside shape of a device. The
antenna utilizes the difference between heights of the existing
elements of the unit and overlapping of the elements. As such,
embodiments herein can include the use of a body or portion
of'arotary switch that has an overlap with the chassis (or main
board) of aradio. The chassis (or main board) has a role of the
ground plane with a notch. The bodies, namely the chassis
having the ground plane and the stepped element or antenna
can be located on the same value of the axis x or essentially on
the same plane, although embodiments can also include slight
offsets. In a typical embodiment, an inner conductor of a
coaxial cable can be connected to the body rotary switch or
stepped element where the outer conductor of the coaxial
cable is connected to the chassis.

Referring once again to the antenna assembly of FIG. 1, the
chassis 12 can be overlapped by the functional knob 11 that
illustrates an offset W, from the chassis along a Y axis. The
antenna has a coupling feed system that does not necessarily
require a mechanical connection between the body of existing
functional knob (or body of other antenna) and a central
conductor of the coaxial cable 13. The outer conductor of the
coax cable 13 though can have a galvanic connection to
chassis 12. Radiation patterns taken for various embodiments
herein demonstrated applicability for both cellular and GPS
applications in frequencies around 1.9 GHz (for cellular) and
around 2.4 GHz (for WL AN applications).

In light of the foregoing description, it should be recog-
nized that embodiments in accordance with the present inven-
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tion can be realized in hardware, software, or a combination
ofhardware and software if software is use to control or detect
physical connections or distances between certain claimed
elements that can provide variation in antenna characteristics
or performance. It should also be recognized that embodi-
ments in accordance with the present invention can be real-
ized in numerous configurations contemplated to be within
the scope and spirit of the claims. Additionally, the descrip-
tion above is intended by way of example only and is not
intended to limit the present invention in any way, except as
set forth in the following claims.

What is claimed is:

1. An antenna assembly in a radio, comprising:

a ground plane formed on a chassis of the radio, wherein
the ground plane has a stepped shape forming an antenna
element;

a functional knob for the radio further having at least a
portion of the functional knob serving as the antenna
element;

a notch element in the ground plane substantially adjacent
to the stepped shape or in the stepped shape and having
length less than %4 wavelength; and

a coaxial cable feeding the antenna element, wherein a
shield of the coaxial cable is directly connected to the
ground plane and wherein a center conductor of the
coaxial cable is directly coupled to the stepped shape to
provide a galvanic connection for narrowband perfor-
mance or electromagnetically coupled to the stepped
shape for wideband performance.

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

assembly creates a zero volume notch type ground excitation.

3. The antenna assembly of claim 1, wherein the placement
and direction of the notch element determines a polarization
and a radiation pattern of the antenna element.

4. The antenna assembly of claim 1, wherein the notch
element comprises a very short notch element near the
stepped shape that forms part of the ground plane.

5. The antenna assembly of claim 1, wherein the notch
element can be excited in parallel to provide a galvanic con-
nection for narrowband performance and electromagnetically
coupled to the stepped shape for wideband performance in at
least two different frequencies.

6. An antenna assembly in a radio, comprising:

a ground plane formed on a chassis of the radio,

a functional knob for the radio further having at least a
portion of the functional knob serving as an antenna
element;

a notch element in the ground plane of a predetermined
dimension between the antenna element and the chassis;
and

a coaxial cable feeding the antenna element, wherein a
shield of the coaxial cable is directly connected to the
ground plane and wherein a center conductor of the
coaxial cable is directly coupled to the functional knob
to provide a galvanic connection for narrowband perfor-
mance or electromagnetically coupled to the functional
knob for wideband performance.

7. The antenna assembly of claim 6, wherein the antenna

assembly creates a zero volume notch type ground excitation.

8. The antenna assembly of claim 6, wherein the placement
and direction of the notch element determines a polarization
and a radiation pattern of the antenna element.

9. The antenna assembly of claim 6, wherein the notch
element comprises a very short notch element near a stepped
shape that forms part of the ground plane.
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10. The antenna assembly of claim 6, wherein the antenna
assembly further comprises a galvanic connection between
the functional knob and a central conductor of the coaxial
feed for the radio.

11. The antenna assembly of claim 6, wherein the antenna
assembly further comprises an electromagnetic coupling
between the functional knob and a central conductor of the
coaxial feed for the radio.

12. The antenna assembly of claim 6, wherein the antenna
assembly further comprises a galvanic connection between
the functional knob and a feed of the radio for narrowband
performance and an electromagnetic coupling between the
stepped shape and the feed of the radio for wideband perfor-
mance in at least two different frequencies.

13. The antenna assembly of claim 12, wherein the ground
plane on the chassis and the stepped shape forming a portion
of the functional knob are on a single plane.

14. The antenna assembly of claim 6, wherein a portion of
the functional knob for the radio has overlap with the ground
plane formed on the chassis of the radio.

15. The antenna assembly of claim 6, wherein a galvanic
connection exists between the functional knob and the ground
plane formed on the chassis of the radio.

10

8

16. The antenna assembly of claim 6, wherein a shorting
element forms a galvanic connection between the functional
knob and the ground plane formed on the chassis.

17. The antenna assembly of claim 6, wherein the func-
tional knob is selected among a rotary switch for squelch,
channel, and volume selection.

18. The antenna assembly of claim 6, wherein the antenna
assembly has a coupling feed system without a mechanical
connection between a body of the functional knob and the
coaxial cable.

19. An antenna assembly in a radio, comprising:

a ground plane formed on a chassis of the radio, wherein
the ground plane has a stepped shape forming an antenna
element;

a functional knob for the radio further having at least a
portion of the functional knob serving as the antenna
element;

a notch element in the ground plane of a predetermined
dimension between the antenna element and the chassis;

acoaxial cable feeding the antenna element; and a galvanic
connection between the functional knob and a feed from
the coaxial cable of the radio for narrowband perfor-
mance and an electromagnetic coupling between the
stepped shape and the feed for wideband performance.

#* #* #* #* #*
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(57) ABSTRACT

A dual-band antenna adapted for an Ultra-mobile Personal
Computer has a grounding element including a first ground-
ing portion of elongated plate shape and a second grounding
portion extending substantially perpendicular to the first
grounding portion from a long edge of the first grounding
portion. A connecting element is connected with the second
grounding portion. An installing element is connected with
the second grounding portion and spaced away from the
connecting portion. A radiating element includes a low fre-
quency resonator extending from the connecting element, a
high frequency resonator extending opposite to the low fre-
quency resonator and towards the installing element from the
connecting element, and an enhancing frequency resonator
extending from an edge of the installing element back to the
high frequency resonator. The low, high and enhancing fre-
quency resonators are substantially aligned with each other
and parallel to the second grounding portion.
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1
DUAL-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dual-band antenna, and
more specifically to a dual-band antenna mainly applied to
Ultra-mobile Personal Computer (UMPC).

2. The Related Art

With the development of wireless communication, more
and more portable electronic devices, such as notebook com-
puters, are installed an antenna system for working in a wire-
less local area network (LLAN). Because transmitting and
receiving signal plays an important role in wireless commu-
nication process, an antenna is always required to be
improved for better performance. Meanwhile, the portable
electronic devices tend to develop towards the direction of
miniaturization and multifunction for meeting user’s
demand, such as UMPC. Accordingly, the antenna is also
required to have compact structure to reduce occupied space
of the portable electronic device.

SUMMARY OF THE INVENTION

Anobject of the invention is to provide a dual-band antenna
which occupies a small space and has a good performance.
The dual-band antenna adapted for an Ultra-mobile Personal
Computer has a grounding element including a first ground-
ing portion of elongated plate shape and a second grounding
portion extending substantially perpendicular to the first
grounding portion from a long edge of the first grounding
portion. A connecting element is connected with the second
grounding portion. An installing element is connected with
the second grounding portion and spaced away from the
connecting portion. A radiating element includes a low fre-
quency resonator extending from the connecting element, a
high frequency resonator extending opposite to the low fre-
quency resonator and towards the installing element from the
connecting element, and an enhancing frequency resonator
extending from an edge of the installing element back to the
high frequency resonator. The low, high and enhancing fre-
quency resonators are substantially aligned with each other
and parallel to the second grounding portion.

As described above, the low frequency resonator, the high
frequency resonator and the enhancing frequency resonator
are aligned with each other and parallel to the second ground-
ing portion, such structure is compact and can be manufac-
tured easily, only occupies a small space when the dual-band
antenna is mounted in the UMPC. Furthermore, the dual-
band antenna has the enhancing frequency resonator enhanc-
ing resonance of the high frequency resonator, which
increases the efficiency of the dual-band antenna so that the
dual-band antenna can achieve a good performance of opera-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with its objects and the advantages
thereof may be best understood by reference to the following
description taken in conjunction with the accompanying
drawings, in which:

FIG. 1 is a perspective view illustrating the structure of a
dual-band antenna of an embodiment in accordance with the
present invention;

FIG. 2 shows a Voltage Standing Wave Ratio (VSWR) test
chart of the dual-band antenna shown in FIG. 1;
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FIG. 3 is a Smith chart recording impedance of the dual-
band antenna shown in FIG. 1; and

FIG. 4 is a schematic diagram illustrating Total Radiated
Power (TRP) of the dual-band antenna shown in FIG. 1,
wherein the value of Peak Effective Isotropic Radiated Power
(PEIRP) is also shown.

DETAILED DESCRIPTION OF THE
EMBODIMENT

Referring to FIG. 1, an embodiment of a dual-band antenna
100 according to the present invention is shown. The dual-
band antenna 100 made of a metal patch includes a grounding
element 1, a connecting element 2, a radiating element 3 and
a pair of installing elements 4.

The grounding element 1 includes a first grounding portion
11 and a second grounding portion 12 intersecting with the
first grounding portion 11. The first grounding portion 11 is
an elongated shape and disposed levelly. The second ground-
ing portion 12 extends substantially perpendicular to the first
grounding portion 11 from a long edge of the first grounding
portion 11 and is also an elongated shape. The installing
elements 4 are extended downwardly from two ends of a
lower edge ofthe second grounding portion 12 opposite to the
first grounding portion 11. An installing hole 41 is formed on
the installing element 4 for fixing the dual-band antenna 100
to an Ultra-mobile Personal Computer (UMPC) (not shown).

The connecting element 2 coplanar with the second
grounding portion 12 includes a first connecting portion 21
and a second connecting portion 22. The first connecting
portion 21 is extended obliquely and downwardly from a
substantial middle of the lower edge of the second grounding
portion 12. The first connecting portion 21 and the second
grounding portion 12 constitute cooperatively an analogue
inductor. The first connecting portion 21 also may be
extended perpendicularly from the second grounding portion
12 and then bent to be parallel to the second grounding por-
tion 12. A free end of the first connecting portion 21 extends
towards one of the installing elements 4 and downwardly with
ashort distance to form the second connecting portion 22. The
second connecting portion 22 is a rectangular shape and
defines a feeding point 23 at a corner thereof adjacent to the
second grounding portion 12 and away from the first connect-
ing portion 21.

The radiating element 3 is coplanar with the connecting
element 2 and includes a low frequency resonator 31, a high
frequency resonator 32 flush with the low frequency resona-
tor 31, and an enhancing frequency resonator 33. The low
frequency resonator 31 extends from a side of the second
connecting portion 22 adjacent to the first connecting portion
21 to show an elongated shape. The high radiating resonator
32 extends from an opposite side of the second connecting
portion 22 to form an elongated shape, and is shorter than the
low frequency resonator 31 in length. The enhancing fre-
quency resonator 33 is disposed to be flush with the low and
high frequency resonator 31, 32, and extends from the corre-
sponding installing element 4 adjacent to the high frequency
resonator 32. Especially, the enhancing frequency resonator
33 extends from an edge of the corresponding installing ele-
ment 4 away from the high frequency resonator 32. The
length of the enhancing frequency resonator 33 is substan-
tially same as that of the high frequency resonator 32. In this
case, the low, high and enhancing frequency resonator 31, 32
and 33 are substantially flush with a bottom edge of the
installing element 4 and parallel to the second grounding
portion 12.
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When the dual-band antenna 100 operates at wireless com-
munication, the current is fed from the feeding point 23 to the
low frequency resonator 31 to generate an electrical reso-
nance corresponding to a quarter wavelength of 2.4 GHz
frequency band. The current is fed from the feeding point 23
to the high frequency resonator 32 to cause an electrical
resonance corresponding to a quarter wavelength of 5.2 GHz
frequency band. Because the enhancing frequency resonator
33 has the same wavelength as the high frequency resonator
32, the enhancing frequency resonator 33 can also receive
electromagnetic signal within 5.2 GHz frequency band,
which will enhance resonance of the high frequency resona-
tor 32 so as to improve the effect of the dual-band antenna
100.

FIG. 2 shows a Voltage Standing Wave Ratio (VSWR) test
chart of the dual-band antenna 100 when the dual-band
antenna 100 operates at wireless communication. When the
dual-band antenna 100 operates at a frequency of2.412 GHz
(indicator Mrl in FIG. 2), the resulting VSWR value is
1.1276. When the dual-band antenna 100 operates at a fre-
quency of 2.462 GHz (indicator Mr2 in FIG. 2), the resulting
VSWR value is 1.4235. When the dual-band antenna 100
operates at a frequency of 4.900 GHz (indicator Mr3 in FIG.
2), the resulting VSWR value is 1.5469. When the dual-band
antenna 100 operates at a frequency of 5.900 GHz (indicator
Mr4 in FIG. 2), the resulting VSWR value is 1.3973. Conse-
quently, the VSWR values of the dual-band antenna 100 are
all less than 2, which means that the dual-band antenna 100
has an excellent frequency response between 2.412 GHz and
2.462 GHz, and between 4.900 GHz and 5.900 GHz as well.

Please refer to FIG. 3, which shows a Smith chart recording
impedance of the dual-band antenna 100 when the dual-band
antenna 100 operates at wireless communication. The dual-
band antenna 100 exhibits an impedance of (55.920+j1.0332)
Ohm at 2.412 GHz (indicator 1 in FIG. 3), an impedance of
(48.785+j16.879) Ohm at 2.462 GHz (indicator 2 in FIG. 3),
an impedance of (43.934-719.258) Ohm at 4.900 GHz (indi-
cator 3 in FIG. 3) and an impedance of (35.583-j0.57166)
Ohm at 5.900 GHz (indicator 4 in FIG. 3). Therefore, the
dual-band antenna 100 has good impedance characteristic.

Referring to FIG. 4, which shows the Total Radiated Power
for the dual-band antenna 100. When the dual-band antenna
100 operates at the frequency band ranging between 2.412
GHz and 2.462 GHz, the efficiency is between 47.10 percent
and 49.18 percent, and the average efficiency is 48.22 percent.
When the dual-band antenna 100 operates at the frequency
band covering between 4.9 GHz and 5.875 GHz, the effi-
ciency is between 29.12 percent and 43.65 percent, and the
average efficiency is 36.63 percent.

As described above, the low, high and enhancing frequency
resonator 31, 32 and 33 are parallel to the second grounding
portion 12 and substantially flush with the bottom edge of the
installing element 4, such structure is compact and can be
manufactured easily, and only occupies a small space when
the dual-band antenna 100 is mounted in the UMPC. Further-
more, the dual-band antenna 100 has the enhancing frequency
resonator 33 enhancing resonance of the high frequency reso-
nator 32, which increases the efficiency of the dual-band
antenna 100, so that the dual-band antenna 100 can achieve a
good performance of operation.
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The foregoing description of the present invention has been
presented for purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the
precise form disclosed, and obviously many modifications
and variations are possible in light of the above teaching.
Such modifications and variations that may be apparent to
those skilled in the art are intended to be included within the
scope of this invention as defined by the accompanying
claims.

What is claimed is:

1. A dual-band antenna adapted for an ultra-mobile per-
sonal computer, comprising:

a grounding element including a first grounding portion of
elongated plate shape and a second grounding portion
extending substantially perpendicular to the first
grounding portion from a long edge of the first ground-
ing portion;

a connecting element connected with the second grounding
portion;

an installing element connected with the second grounding
portion and spaced away from the connecting portion;
and

a radiating element including a low frequency resonator
extending from the connecting element, a high fre-
quency resonator extending opposite to the low fre-
quency resonator and towards the installing element
from the connecting element, and an enhancing fre-
quency resonator extending from an edge of the install-
ing element away from the high frequency resonator, the
low frequency resonator, the high frequency resonator
and the enhancing frequency resonator being substan-
tially aligned with each other and parallel to the second
grounding portion.

2. The dual-band antenna as claimed in claim 1, wherein
the low frequency resonator is adapted for operating at 2.4
GHz frequency band, the high frequency resonator is adapted
for operating at 5.2 GHz frequency band, and the enhancing
frequency resonator is adapted for enhancing resonance of
the high frequency resonator.

3. The dual-band antenna as claimed in claim 1, wherein
the connecting element includes a first connecting portion
extending obliquely and downwardly from a lower edge of
the second grounding portion opposite to the first grounding
portion, and a second connecting portion extending towards
the installing element and downwardly from a free end of the
first connecting portion, the first connecting portion and the
second grounding portion form cooperatively an analogue
inductor.

4. The dual-band antenna as claimed in claim 3, wherein
the low frequency resonator is extended from a side of the
second connecting portion, while the high frequency resona-
tor is extended from an opposite side of the second connecting
portion.

5. The dual-band antenna as claimed in claim 1, wherein
two installing elements extend downwardly from two ends of
a lower edge of the second grounding portion opposite to the
first grounding portion, each of the two installing elements
has an installing hole thereon for fixing the dual-band antenna
to the ultra-mobile personal computer.

#* #* #* #* #*
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1
ANTENNA WITH NEAR FIELD DEFLECTOR

FIELD OF THE INVENTION

The present invention relates generally to low frequency
antenna designs for communication devices and more par-
ticularly to multi-band low frequency antenna designs con-
figured to prevent unwanted near field coupling with items,
internal or external to the communication device.

BACKGROUND

The design of low frequency dual band internal antennas
for use in modern cell phones poses many challenges. Stan-
dard technologies require that antennas be made larger when
operated at low frequencies. With present cell phone designs
leading to smaller and smaller form factors, it becomes more
difficult to design internal antennas for low frequency appli-
cations.

The form factor of mobile phones also creates a coupling
problem due to the arrangement of the antenna in proximity to
metallic objects. As phones have become more compact, near
field interactions have become an increasing problem. One
common situation involves decreased performance of the
phone due to coupling of the antenna with the speaker. In
addition to coupling with the speakers and other internal
components of the mobile, the antenna of standard mobile
phones may couple with external metal objects such as eye
glasses or earrings. The present invention addresses deficien-
cies of prior art antenna designs.

SUMMARY OF INVENTION

One or more parasitic resonator elements, as further
described herein, are used to create secondary resonances in
aprimary antenna. Because only one relatively large primary
antenna is required, more antenna “real estate” is available for
phone design, whether it is a reduction of phone size, larger
phone display, etc.

In one embodiment, a multi-frequency communications
device comprises a primary antenna, the primary antenna for
enabling a frequency at which the communications device
operates; and a resonator element, wherein an excited reso-
nator element couples with the primary antenna to alter the
frequency at which the communications device operates. The
primary antenna may comprise a low frequency antenna. The
low frequency may be within the 300 to 500 MHz frequency
band. The primary antenna may comprise a coil antenna. The
radiation pattern of the primary antenna may comprise a
dipole-type radiation pattern. The radiation pattern of the
resonator element may comprise a quadrapole-type radiation
pattern. The resonator element may comprise a spiral geom-
etry. The resonator element may comprise a dipole geometry.
The communications device may comprise a housing,
wherein the resonator element is disposed within the housing
of the communications device. The communications device
may operate at two or more low frequencies. The communi-
cations device may comprise a stub antenna, wherein only the
primary antenna comprises a stub antenna. The communica-
tions device may comprise a phone. The communications
device may comprise a PDA type device.

In one embodiment, a phone for operating at a frequency
may comprise a plurality of resonator elements, wherein one
excited resonator element couples with another resonator
element to effectuate the operating frequency at which the
phone operates. One of the plurality of resonator elements
may radiate with a dipole radiation pattern. At least one other
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of the plurality of resonator elements may radiate with a
quadrapole radiation pattern. At least one of the plurality of
resonator elements may comprise a parasitic resonator. The
phone may comprise a multi-band low frequency phone,
wherein the phone comprises a housing, and wherein at least
one of the plurality of resonator elements is coupled to the
housing. The multi-band low frequency phone may comprise
only one stub antenna. The frequency may be in a range below
or above 1 GHz.

In one embodiment, a resonator for use with a primary
antenna in a phone comprises a parasitic element, wherein
when excited the parasitic element couples with the primary
antenna to change an operating characteristic of the primary
antenna. The parasitic element when excited exhibits a
quadrpole-type of radiation pattern. The primary antenna
may comprise a stud type antenna.

In one embodiment, a resonator for use with a primary
antenna in a phone may comprise parasitic coupling means
for parasitically coupling to the primary antenna so as to
change an operating characteristic of the primary antenna.

In one embodiment, a method of using a parasitic resonator
in a communications device may comprise the steps of: pro-
viding a primary antenna that exhibits a radiation pattern
when excited; providing a parasitic resonator that comprises
a radiation pattern when excited; positioning the parasitic
element such that when excited it electronically couples to the
primary antenna so as to change an operating characteristic of
the primary antenna. The communications device may com-
prise a phone. The communications device may comprise a
PDA. The primary antenna may comprise a stub type antenna.
The communication device utilizes only one stub type
antenna. The operating characteristic may comprise an oper-
ating frequency that is less than 1 GHz.

In one exemplary embodiment, the primary and secondary
resonator are used in a mobile communications device. In one
embodiment, the secondary resonator is positioned to provide
anear field deflector. The position of the secondary resonator
is such to prevent coupling of the primary resonator with
another component, either internal or external to the commu-
nications device.

Other embodiments are within the scope of the claimed
invention and will become apparent from the descriptions
provided herein.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates a single, low frequency band prior art
phone;

FIG. 2 illustrates a multi-band, low frequency prior art
phone;

FIG. 3a illustrates a phone designed to be operated at a
primary low frequency F1 and one or more other low fre-
quency;

FIG. 3b illustrates one embodiment of a primary resonator;

FIG. 3¢ illustrates a radiation pattern of a sample primary
resonator;

FIG. 3d illustrates one embodiment of a parasitic resonator
element;

FIG. 3e illustrates a radiation pattern of sample a parasitic
resonator element;

FIG. 3f illustrates the radiation patterns of a primary
antenna and a parasitic resonator element positioned to
achieve placement of a lobe of the radiation pattern of the
resonator element between lobes of the radiation pattern of
the primary antenna;

FIG. 3g illustrates one of many possible geometrical ori-
entations between a primary antenna and a resonator element;
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FIG. 4 illustrates the frequency response of a primary
antenna as affected by the coupling effects of six parasitic
resonator elements;

FIG. 5a illustrates an embodiment wherein two parasitic
resonator elements and a primary antenna are connected to a
substrate of a multi-band, low frequency prior art phone;

FIG. 5b illustrates a return loss graph of a primary antenna
as affected by two parasitic resonator elements; and

FIG. 6 illustrates a mobile communication device in accor-
dance with the principles of the present invention having a
secondary resonator positioned in association with a speaker
of the device;

FIG. 7 illustrates a one embodiment of a printed circuit
board with slots for use in a mobile communication device;

FIGS. 8a-c illustrate conventional antenna mounted on a
substrate;

FIG. 9a illustrates an antenna with a field-altering element
according to an embodiment of the present invention;

FIG. 95 is a side view of the antenna of FIG. 9a with field
lines;

FIG. 9c¢ is a top view of the antenna of FIG. 9a with field
lines;

FIG. 10 illustrates an antenna with a field-altering element
according to another embodiment of the present invention;

FIG. 11aq illustrates an antenna with a field-altering ele-
ment according to an embodiment of the present invention;

FIG. 115 is a side view of the antenna of FIG. 9a with field
lines;

FIG. 11c¢ is a top view of the antenna of FIG. 9a with field
lines;

FIG. 12 illustrates an antenna with a field-altering element
according to another embodiment of the present invention;

FIG.13aq illustrates an antenna with a field altering element
according to an embodiment of the present invention, oper-
ating near a hearing aid;

FIG. 135 is a side view of the arrangement of FIG. 13a;

FIG.13cis a side view ofthe arrangement of F1IG. 13a with
field lines;

FIG. 144 a illustrates an antenna with a current unbalanc-
ing element according to an embodiment of the present inven-
tion; and

FIG. 145 is a side view of the arrangement of FIG. 14a.

DETAILED DESCRIPTION OF AN EXEMPLARY
EMBODIMENT

The present application relates to decoupling the antenna
of a communication device from unwanted near field inter-
actions with other internal or external items. In one embodi-
ment, the present invention relates to a mobile phone includ-
ing a near field deflector which creates a null, and thus a false
edge, preventing near field coupling. FIGS. 3-5 illustrate a
primary resonator coupled with a secondary resonator which
is a near field deflector in accordance with the principles of
the present invention.

FIG. 1 illustrates a low frequency single band prior art
phone (10). In FIG. 1, prior art phone (10) is shown to include
one low frequency stub type antenna (11) extending from a
phone housing (14). Those skilled in the art will understand
the principles used to effectuate operation of phone (10) and
stub antenna (11) at only one low frequency, for example, at
450 MHz. Those skilled in the art will also recognize that
when used with a portable communications device, for
example, a cell phone, operation of the stub antenna (11) at a
single low frequency would require that the antenna comprise
dimensions that are relatively large compared to the size of
the phone housing (14).
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FIG. 2 illustrates a multi-band, low frequency prior art
phone (12). In FIG. 2, prior art phone (12) is shown to include
two or more low frequency stub type antennas (11) and (13)
extending from a phone housing (14). Those skilled in the art
will understand the principles used to effectuate operation of
phone (12) and stub antennas (11) and (13) at two low fre-
quencies, for example, at 430 and 450 MHz. Those skilled in
the art will also recognize that design of cell phone (12) for
use with two or more low frequency stub antennas would
require that the phone housing (14) be able to accommodate
the relatively large size of the antennas. With the cell phone
designer’s desire for an ever decreasing phone size, design of
cell phones for use with two or more relatively large antennas
poses an increasingly difficult challenge.

FIGS. 3a-g illustrate characteristics of a multi-band, low
frequency phone (102) designed in accordance with one or
more of the principles described below. In FIG. 3a there is
shown one embodiment of a phone (102) designed to be
operated at a primary low frequency F1 and one or more other
low frequencies. In one embodiment, phone (102) comprises
a cell phone, PDA, or other communications device. Phone
(102) includes a housing (103), a primary resonator element
(108) designed to resonate at a primary frequency F1, and one
or more parasitic resonator elements (110) designed to reso-
nate at a frequency different from that of the primary resona-
tor element (108).

FIG. 35 illustrates one embodiment of a primary resonator
element (108). In one embodiment, primary resonator ele-
ment (108) comprises a stub-type antenna concentrically cen-
tered about an axis (194). In one embodiment, antenna (108)
is designed to effectuate a dipole-type radiation pattern, for
example, as is illustrated by FIG. 3c. In the illustrative
embodiment of FIG. 3¢, an axis (197) of the dipole radiation
pattern corresponds to the centrally located axis (194) of
antenna (108).

In the illustrative embodiment of FIG. 3¢, although only a
cross-section in one plane of the dipole radiation pattern
(198) of antenna (108) is shown, in actual operation, the
radiation pattern extends about the axis (197) in a direction
(199), and similarly about the centrally-located axis of
antenna (108). The geometries illustrated in FIG. 35 are illus-
trative of one embodiment and are not meant to be limiting of
the present invention. Thus, it is understood that in other
embodiments, by utilizing well known principles understood
by those skilled in the art, primary antenna (108) may com-
prise other geometries that effectuate operation of phone
(102) at other low frequencies and with other radiation pat-
terns.

In one embodiment, the one or more parasitic resonator
element (110) of FIG. 3a comprises a geometry designed
such that when a resonance mode of the resonator element is
excited, the radiation pattern of the one or more resonator
element (110) couples to the radiation pattern of the primary
antenna (108).

In one embodiment, one or more parasitic resonator ele-
ment (110) may comprise a spiral shaped geometry, for
example as illustrated in FIG. 3d. The geometries and dimen-
sions illustrated in FIG. 3d are illustrative only and are not
meant to be limiting of the present invention. It is understood
that in other embodiments, by utilizing well known principles
understood by those skilled in the art, parasitic resonator
element (110) may comprise other geometries and dimen-
sions to effectuate operation of phone (102) at other low
frequencies and with other radiation patterns. In one embodi-
ment, parasitic resonator element (110) comprises a conduc-
tor, for example, copper or the like. In one embodiment,
resonator element (110) may be formed on a substrate, for
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example, by the deposition of conductive traces on the sub-
strate. In one embodiment, one or more parasitic resonator
element (110) is designed to effectuate a quadruple type
radiation pattern as illustrated by FIG. 3e.

In the illustrative embodiment of FIG. 3e, a major axis
(195) about which the radiation pattern of a resonator element
(110) is centered, corresponds to a major axis (196) of the
resonator element (110). One advantage that derives from
using a resonator element (110) shaped in the form of a spiral
is that its resonant frequency can be adjusted easily without
large concomitant changes in geometry. For example, by
reducing the gap between the spiral traces of a resonator
element (110) and by increasing the number of turns in the
spiral, the resonant frequency of the resonator element may
be changed. It is also identified that the geometry of the
radiation pattern of a spiral resonator element (110) is such
that it may be positioned to overlap the radiation pattern of
antenna (108) in a manner that permits beneficial reduction of
the distance between the antenna (108) and resonator element
(110), and such that a small phone may accommodate a
primary antenna (108) and resonator element (110) combina-
tion. Itis further identified that an antenna (108) and resonator
element (108) combination described herein obviates the
need for a bulky second antenna, for example, a second stub
type antenna as is used in the prior art.

In FIG. 3fit is identified that appropriate positioning of a
primary antenna (108) and resonator element (110) may be
used to achieve a placement of a lobe of the radiation pattern
of the resonator element (110) to overlap lobes of the radia-
tion pattern of the primary antenna (108). It is identified that
such positioning may be used to reduce the distance needed to
parasitically couple resonator element (110) to primary
antenna (108) in the near field. Such a method of coupling in
the near field may be used to optimize overall return loss and
efficiency of the antenna (108) without affecting the omni-
directional far field pattern, which can be smoothed by dif-
fraction of the shape of a cell phone housing.

FIG. 3g illustrates one of many possible geometrical ori-
entations of a primary antenna (108) and a resonator element
(110) that may be used to effectuate operation of a phone at
two low frequencies. In one embodiment, optimal coupling
between primary antenna (108) and resonator element (110)
may be achieved by disposing resonator element (110)
approximately 6 mm from the antenna (108). In one embodi-
ment, the central axis of a primary antenna (108) may be
disposed generally parallel to the central axis of a resonator
element (110). In one embodiment, the central axis of a pri-
mary antenna (108) may be disposed generally perpendicular
to the central axis of a resonator element (110). Other angular
orientations and other distances that achieve optimal coupling
between a primary antenna (108) and one or more resonator
element (110) are possible and within the scope of the inven-
tion and would be understood by those skilled in the art.
Those skilled in the art will also understand that the position-
ing that achieves optimal coupling may be affected by place-
ment of shields and other metallic components and may, thus,
vary from one design to another design.

FIG. 4 illustrates the frequency response of a primary
antenna (108), as affected by the coupling effects of six para-
sitic resonator elements. In one embodiment, the resonance
mode of each of six resonator elements (110) comprises a
frequency that differs from the primary frequency F1 of
antenna (108) by a multiple of df, for example, by F1-3df,
F1-24f, F1-df, F1+df, F1+2df, and F1+3df. It is identified that
the effect of coupling one or more parasitic element may be
used to increase the number of frequencies and/or the band-
width over which the primary antenna (108) of a phone (102)
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may operate. As illustrated by FIG. 4, in one embodiment that
utilizes six parasitic resonator elements (110), the frequency
over which antenna (108) operates is envisioned to be
increased by +/-3df. It is identified that such multiple band
operation of a primary antenna (110) may be, thus, achieved
without the need for more than one relatively large low fre-
quency antenna.

FIG. 5a illustrates a primary resonator (108) and two para-
sitic resonator elements (110a-b) electrically connected to
one or more circuit of a phone (102). In one embodiment,
spiral parasitic resonator elements (110a-b) are coupled to
ground connections at a substrate (150), and the primary
resonator (108) is coupled at one end to an antenna feed
connection at the substrate (150). In one embodiment, pri-
mary resonator (108) comprises a 450 MHz helical coil
antenna designed to conform to a 10 mm stub shaped housing
with a pitch of 1.4 mm and with 5.5 turns, and resonator
elements (110a-b) comprise geometries designed to create
two different resonances at which a primary resonator (108)
operates, for example at 380 and 410 MHz.

FIG. 54 illustrates a return loss graph of a primary resona-
tor (108), wherein two of the three illustrated return loss
minima (corresponding to primary resonator (108) operating
frequencies 380 MHz, 410 MHz, 450 MHz) are effectuated
by the parasitic coupling of resonator elements (110a-b) with
the primary resonator (108).

The combination of a primary resonator (108) and one or
more parasitic resonator element (110) may be integrated and
mounted into phone housings in a number of ways. In one
embodiment, because the primary antenna (108) may differ
very little, if at all, from a conventional low-frequency
antenna design, for example a helical coil antenna design,
standard well known mounting techniques may be used to
mount antenna (108), as for example, on, within, and/or out-
side a phone housing. It is identified that, when mounted
within or a combination of within and outside a phone hous-
ing, a primary resonator (108) as described herein may be
more closely positioned within the phone housing next to a
parasitic element (110).

Because a parasitic resonator element (110), as described
herein, requires relatively very little volume, one or more
parasitic resonator element (110) may be used within a phone
housing without adversely impacting the circuit design and
ergonomics of the phone. In one embodiment, one or more
parasitic resonator element (110) may be deposited or
attached internal to a phone housing by simple mechanical
attachment. In an embodiment where the resonator element is
mounted on a substrate, the substrate may be attached to the
phone housing. It is identified that a parasitic resonator ele-
ment (110) may be designed to conform to the shape of a
phone housing and, thus, may comprise a flat planar geom-
etry, a curved geometry, or other geometry of the phone
housing. With variations in geometry, it is understood that
different parasitic resonator element (110) conductor spac-
ing, turns, etc., may be required to achieve an equivalent
coupling to a primary resonator (108), with such variations in
geometry being achievable by those skilled in the art. In one
embodiment, one or more parasitic resonator element (110)
may be mounted into a thin film, and in mold decorating
(IMD) techniques may be used to integrate the thin film into
a phone housing. IMD techniques are known to those skilled
in the art, and may be used to integrate spiral as well as other
antenna geometries into a plastic phone housing. A variety of
techniques known to those skilled in the art can be used to
provide electrical connections to a parasitic resonator ele-
ment (110), for example, a pogo pin connection, a flex cable
connection, etc. Many other methods of mounting and cou-
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pling to parasitic resonator elements are also within the scope
of the present invention and would be understood by those
skilled in the art.

FIG. 6 illustrates a mobile phone in accordance with the
principles of the present invention having a primary resonator
108 and a secondary resonator 110. The mobile phone
includes a speaker 120 positioned in a first area 122 of the
mobile phone 102 which would be associated with a user’s
ear when in use. The primary resonator 108 is positioned in a
second area 124 of the mobile phone 102. In one exemplary
embodiment, the mobile phone is a flip-style phone and the
primary resonator 108 is positioned near the middle portion
of the phone when in use. The secondary resonator 110 is
positioned in the first area 122 so as to create a null 126 in the
general area of the speaker 120. This null 126 results in a false
edge in the near field, preventing near field coupling of the
primary resonator 108 with the speaker 120 or other internal
or external items such as earrings, etc.

In one embodiment, the near field deflector of the present
invention may be positioned internal to the mobile phone,
such as on a printed circuit board. In an alternative embodi-
ment, the near field deflector is positioned outside of the
housing of the mobile phone. In one exemplary embodiment,
the near field deflector is adhesively connected to outer sur-
face of the mobile phone so as to prevent near field coupling.
In one embodiment, the near field deflector is printed on an
adhesive-backed substrate such as paper.

The near field deflector of the present invention may be
either grounded or ungrounded. In one embodiment, the near
field deflector disposed in the mobile phone housing and
grounded. In another embodiment, the near field deflector is
positioned outside the mobile phone housing and is
ungrounded.

The embodiments presented herein are not to be construed
as limiting the scope of the invention. Although technologies
and phone sizes may change with time, other frequencies that
may considered to be “low” may come within the scope of the
invention described herein. Thus, although communication
devices operating at certain frequencies are discussed, the
principles described herein are applicable to other frequen-
cies. For example, frequencies at which phone (102) operates
that are lower or higher than 1 GHz are envisioned and are
within the scope of the present invention. Furthermore,
although parasitic resonator elements (108) are described
herein as comprising specific geometries, other geometries
are also envisioned. For example, in one embodiment, para-
sitic element (108) may comprise a capacitively coupled
dipole antenna geometry as is disclosed in commonly
assigned patent application Ser. No. 10/375,423, filed on Feb.
27,2003, which is incorporated herein by reference.

In another embodiment of the invention, illustrated in FIG.
7, the mobile phone 102 includes an internal printed circuit
board 128 which carries the mobile phone electronics. In this
embodiment, a “false edge” can be created by notching the
printed circuit board 128 located in the first area 122 in an area
between the speaker 120 and the primary resonator 108,
which is positioned in the second area 124. In this embodi-
ment, the slots 130 in the printed circuit board 128 appear to
be an edge and thus, near field interactions are diverted to the
slots 130 and away from the speaker 120 (and other items near
the speaker such as the user’s earring, etc.).

In another aspect of the invention, a field altering element
may be used to alter the field lines of a primary resonator
element to create a null, thereby avoiding coupling with other
components.

FIGS. 8a-c illustrate a conventional antenna arrangement
20. In this arrangement, a primary antenna component 24 is
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mounted on a substrate 22. As seen in FIGS. 86 and 8¢, the
field lines span wrap around the primary antenna component
24 and the substrate 22. Such conventional antenna arrange-
ments have a strong likelihood of coupling not only with
internal components such as speakers, but also with external
devices such as hearing aids. Embodiments of the invention
described below with reference to FIGS. 9-14 facilitate
reducing or eliminating the likelihood of such coupling.

FIGS. 9a-c illustrate one embodiment of an antenna
arrangement according to the present invention. The antenna
arrangement 200 illustrated in FIGS. 9a-¢ may be used in a
variety of wireless devices such as, for example, wireless
phones. The antenna arrangement 200 includes a substrate
202 with a primary antenna component 204 disposed on the
substrate 202. Additionally, a field-altering element 206 is
provided on the substrate 202 on the side of the substrate 202
on which the primary antenna component is disposed. In the
embodiment illustrated in FIGS. 9a-c, the field-altering ele-
ment 206 is a loop element positioned parallel to the primary
antenna component and between the primary antenna com-
ponent and the end of the substrate. The exact position of the
field altering element 206 determines the overall behavior of
the field generated by the antenna arrangement 200. Thus, as
illustrated most clearly in FIG. 95, the addition of the field
altering element 206 generates an altered field (when com-
pared to the field illustrated in FIGS. 8a-c). Further, an
equivalence is created between two paths of the field. The first
path is the equivalent electrical length of the upper part of the
substrate 202 from the field-altering element 206, and the
second path is the electrical length of the field-altering ele-
ment 206. Thus, again as most clearly seen in FIG. 95, a null
region is created above the field-altering element 206 where a
speaker may be accommodated. Further, an external device
such as a hearing aid positioned in that region will be free
from coupling with the antenna.

The field altering element 206 may be a conductor or any
kind of loaded material adapted to conduct current. Further,
the field altering element 206 may be plain or loaded with a
component to modify the overall length. The field altering
element 206 may be affixed to the substrate 202 by soldering
or through a spring contact.

FIG. 10 illustrates an antenna arrangement according to an
embodiment of the invention. The embodiment of FIG. 10 is
a variation of the embodiment described above with reference
to FIGS. 9a-c. In the embodiment of FIG. 10, an antenna
arrangement 210 includes a substrate 212 with a primary
antenna component 214 mounted thereon. A field-altering
element 216 is positioned on the opposite side of the substrate
212 from the side on which the primary antenna component
214 is mounted.

FIGS. 11a-c illustrate another embodiment of an antenna
arrangement according to the present invention. Similar to the
antenna arrangement 200 described above with reference to
FIGS. 9a-c, the antenna arrangement 220 illustrated in FIGS.
11a-c includes a substrate 222 with a primary antenna com-
ponent 224 mounted thereon and a field-altering element 226
provided on the substrate 222 on the side of the substrate 222
on which the primary antenna component 224 is mounted. In
the embodiment illustrated in FIGS. 11a-c, the field-altering
element 226 is positioned perpendicular to the primary
antenna component substantially along the middle of the
substrate 222. As illustrated most clearly in F1G. 11¢, the field
is altered (when compared to the field illustrated in FIG. 8¢),
and a null region is created above the field-altering element
226 where a speaker may be accommodated. Further, an
external device such as a hearing aid positioned in that region
will be free from coupling with the antenna.
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FIG. 12 illustrates an antenna arrangement according to
another embodiment of the invention. The embodiment of
FIG. 12 is a variation of the embodiment described above
with reference to FIGS. 11a-c. In the embodiment of FIG. 12,
an antenna arrangement 230 includes a substrate 232 with a
primary antenna component 234 mounted thereon. A field-
altering element 236 is positioned on the opposite side of the
substrate 232 from the side on which the primary antenna
component 234 is mounted.

FIGS. 13a-c illustrate an antenna arrangement according
to an embodiment of the present invention and its relation to
an external device such as a hearing aid. FIGS. 13a-c illus-
trate an antenna arrangement 240 having a substrate 242 with
a primary antenna component 244 mounted on one side
thereof. On the opposite side of the substrate 242, a planar
field altering element 246 is positioned at a distance from the
substrate 242. The planar field altering element 246 is posi-
tioned substantially parallel to the substrate 242. In a wireless
phone, for example, the planar field altering element 246 may
be mounted on the enclosure of the wireless phone.

As illustrated in FIG. 134, in one embodiment, the planar
field altering element 246 has a dual-loop spiral configura-
tion. The specific configuration of the planar field altering
element 246 is not limiting of the invention, and those skilled
in the art will recognize and appreciate that many other con-
figurations are possible and are contemplated within the
scope of the present invention.

A hearing aid 299, as may be worn by a user of a wireless
phone containing the antenna arrangement 240, is illustrated
as being proximate to the antenna arrangement 240. As illus-
trated most clearly in FIG. 13¢, positioning of the planar field
altering element 246 above the portion of the substrate 242
opposite the position of the primary antenna component 244
creates a null in the region in which the hearing aid 299 would
be positioned. Thus, coupling between the antenna arrange-
ment 240 and the hearing aid 299 is avoided.

FIGS. 144 and b illustrate one embodiment of an antenna
arrangement according to the present invention. The antenna
arrangement 250 illustrated in FIGS. 14a and b may be used
in a variety of wireless devices such as, for example, wireless
phones. The antenna arrangement 250 includes a substrate
252 with a primary antenna component 254 disposed on the
substrate 252. Additionally, a current unbalancing element
256 is provided on the substrate 252 on the side of the sub-
strate 252 on which the primary antenna component is dis-
posed. In the embodiment illustrated in FIGS. 14a and b, the
current unbalancing element 256 is a parasitic antenna ele-
ment positioned on the edge of the substrate 252.

The current unbalancing element 256 can be tuned to a
certain frequency which, together with its exact position with
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respect to the primary antenna component 254, will deter-
mine the overall behavior of the field generated by the antenna
arrangement 250. The current unbalancing element 256 para-
sitically couples to the primary antenna component 254 thus
unbalancing the current of the primary antenna component
254. This causes the antenna arrangement 250 to produce an
altered field (when compared to the field generated by the
primary antenna component 254 without the current unbal-
ancing element 256). This altered fiend can cause a null
region to be created for accommodating a speaker. Further, an
external device such as a hearing aid positioned in that region
will be free from coupling with the antenna.

The current unbalancing element 256 may be a conductor
or any kind of loaded material adapted to conduct current.
Further, the current unbalancing element 256 may be plain or
loaded with a component to modify the overall length. The
current unbalancing element 256 may be affixed to the sub-
strate 252 by soldering or through a spring contact.

Thus, it will be recognized that the preceding description
embodies one or more invention that may be practiced in
other specific forms without department from the spirit and
essential characteristics of the disclosure, and that the inven-
tion is not to be limited by the foregoing illustrative details,
but rather is to be defined by the appended claims.

We claim:

1. A multi-frequency communications device having a
speaker, comprising;

a primary resonator, the primary resonator for enabling at

least one frequency at which the device operates;
anear field deflector which generates a null associated with
the position of the speaker; and

a printed circuit board on which the speaker and primary

resonator are disposed,

wherein the near field deflector comprises at least one slot

in the printed circuit board, the at least one slot being
positioned between the primary resonator and speaker;
and

wherein the near field deflector forms a false edge substan-

tially preventing coupling of the primary resonator to the
speaker.

2. A mobile communications device, comprising:

a housing

a printed circuit board disposed inside the housing;

a speaker disposed on the printed circuit board;

a primary resonator disposed on the printed circuit board;

slots in the printed circuit board in an area between the

speaker and primary resonator;

wherein the slots create a false edge for preventing cou-

pling of the primary resonator with the speaker.

#* #* #* #* #*
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1
ANTENNA WITH INNER SPRING CONTACT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of priority from
U.S. Provisional Patent Application No. 60/704,542 filed
Aug. 2, 2005.

OBIJECT OF THE INVENTION

The present invention relates to antennas, to antenna sys-
tems, to handsets, and generally to any wireless device, which
includes an antenna for receiving and transmitting electro-
magnetic wave signals.

Itis an object of the present invention to provide an antenna
for a handset or for a wireless device (such as for instance a
mobile phone, a smartphone, a PDA, a MP3 player, a headset,
a USB dongle, a laptop, a PCMCIA or Cardbus 32 card),
wherein the antenna features at least one inner spring contact.
Another aspect of the invention relates to a method for con-
tacting the antenna by means of an inner spring contact. A
further aspect of the present invention relates to the integra-
tion capabilities of ahandset or wireless device comprising an
antenna with inner spring contacts.

BACKGROUND OF THE INVENTION

A typical antenna for wireless devices (such as for
instance, and without limitation, a handset, a mobile phone, a
smartphone, a PDA, a MP3 player, a headset, a USB dongle,
a laptop, a PCMCIA or a Cardbus 32 card), comprises a
conductive plate or wire usually mounted on a carrier made of
plastic (such as for instance Poly Carbonate, Liquid Crystal
Polymer, Poly Oxide Methylene, PC-ABS, or PVC) that pro-
vides mechanical support.

The antenna is assembled in the wireless device, forming
an integral part ofthe device. The wireless device will usually
comprise a multilayer printed circuit board (PCB) on which it
carries the electronics. One of the layers of the multilayer
PCB typically serves as a ground plane of the antenna.

One way of contacting the antenna is by means of a spring
contact. A spring contact comprises a strip or similar of a
conductive material (typically, metal) that includes one or
several bends forming a spring (i.e., a structure capable of
exerting a tensional strength when pressure is applied to it).
When the antenna is assembled onto the PCB of the wireless
device, the mechanical interference of the tip of the spring
contact with the PCB results in the spring contact applying a
tensional strength on the landing area of the PCB (such as, for
example, a pad), ensuring good electrical continuity between
the antenna and the relevant tracks in the PCB.

In some cases the spring contact is used to feed the antenna,
establishing an electrical path to connect the antenna with a
radio frequency (RF) front-end of the circuit, or an RF input/
output of an electronic device, on the PCB. In other cases, the
spring contact is used to connect the antenna to the ground
plane of the PCB, which can be advantageous to tailor the
input impedance of the antenna, or the resonant modes of the
antenna, or a combination of both effects.

Usually, the landing area of a spring contact on the PCB of
the wireless device is substantially close to an edge of the
PCB (for example, the top edge of the PCB in a handset). Such
an arrangement is preferable because a resonant mode of the
antenna can advantageously excite currents on the ground
plane of the PCB that flow along the entire length of said
ground plane, enhancing the radiation process. This is par-
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ticularly interesting for small-sized handsets (such as, for
instance, bar-type, clamshell-type, slider-type or swivel-type
handsets), because of the reduced dimensions of the ground
plane. The requirement of feeding the antenna close to an
edge of the PCB makes it advantageous to provide the spring
contacts of the antenna at points close to the perimeter of the
conductive plate of the antenna.

A typical process used for the fabrication of antennas for
wireless devices comprises the steps of stamping a flat solid
plate of conductive material (such as, for example, copper,
aluminum, brass, silver, gold, or some other type of good
conducting alloy) to cut the shape of the perimeter of the
antenna out of the original flat solid plate. The resulting piece
of conductive material is a flat structure. Pressure can then be
applied to the structure in one or several steps, to bend por-
tions of the piece of conductive material and define the three-
dimensional structure of the antenna (such as for example to
create capacitive loading elements, or to conform the conduc-
tive plate to a plastic carrier, or to a plastic cover, or chassis,
of'a wireless device).

When an antenna comprises one or more spring contacts,
the stamping process defines a shape of the perimeter of the
antenna including strips protruding from the main body ofthe
antenna. The strips will then be bent in order to provide the
adequate shape to the spring contacts.

In general, when fabricating an antenna comprising one or
several spring contacts by means of a process involving the
step of stamping of a plate of conductive material, the area of
the smallest possible rectangle that completely encloses the
perimeter of the main body of the antenna and the strips of the
spring contacts (hereinafter also referred to as the antenna
total area) will be significantly larger than the area of the
smallest possible rectangle that completely encloses the
perimeter of the main body of the antenna but not necessarily
the strips of the spring contacts (hereinafter also referred to as
the antenna body area). In the context of this patent applica-
tion, the stamping area overhead is defined as the difference
between the antenna total area and the antenna body area.

For illustration purposes, and without any limitation, FIG.
1 presents an example of an antenna fabricated by stamping a
plate of a conductive material. The antenna comprises a main
body (100) and two strips, labeled as (101) and (102), that will
be used to create two spring contacts. FIG. 1a depicts the
antenna as a flat structure, before bending the strips (101, 102)
to form the spring contacts (see FIG. 15). In FIG. 1q, the main
body (100) and the strips (101, 102) are coplanar. The small-
est possible rectangle that encompasses the perimeter of the
antenna, including both the perimeter of the main body (100)
and that of the strips (101, 102), is indicated with reference
numeral (104). The smallest possible rectangle that encom-
passes the perimeter of the main body of the antenna (100),
not necessarily including the strips (101, 102), is indicated
with reference numeral (103). From the figure, it is clear that
the area of rectangle (103) (i.e., the antenna body area) is
smaller than the area of rectangle (104) (i.e., the antenna total
area), this difference being the stamping area overhead. The
stamping area overhead of the antenna is due to the fact that
the strips (101, 102) protrude from the perimeter of the main
body of the antenna (100) towards the outside, and this over-
head implies an additional rectangular area of conducting
plate for the stamping process of the antenna, which in turn
translates into extra costs. Moreover, this additional area of
conducting plate is used very inefficiently, as only the portion
corresponding to the strips (101) and (102) will be retained
after the stamping process, while the rest of the material will
be discarded.
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Some attempts have been made to try to reduce the stamp-
ing area overhead of the antenna (and hence the cost associ-
ated to using an additional amount of conductive material) by
designing the spring contacts in such a way that the antenna
total area is approximately the same as the antenna body area.

In these cases, such as for instance the example illustrated
in FIG. 2, the geometry of the main body of the antenna (200)
is modified in the region (203), in which the strips of spring
contacts (201, 202) are connected to the main body (200). The
shape of the main body of the antenna (200) recedes in that
region (203) to allow the conducting strips of the spring
contacts (201, 202) to be placed without extending beyond
the minimum rectangle (205) that encompasses the perimeter
of the main body of the antenna (200).

However, when folding the strips (201, 202) to shape the
spring contacts (as depicted in FIG. 24), the projection of the
strips (201, 202) on the PCB on which the antenna is mounted
will be shorter than the original length of the unfolded strips
(201, 202), which means that the landing area of the spring
contacts on said PCB will not occur near the edge of the PCB
(assuming that the main body of the antenna does not extend
beyond said edge). In the context of this document, by the
term “projection” it is understood the orthogonal projection
on the plane defined by a PCB of the handset or wireless
device.

To keep the landing area of the spring contacts near the
edge of the PCB, the antenna must be displaced parallel to the
plane of the PCB until the landing area of the spring contacts
is substantially close to the edge of the PCB, but this means
that a portion of the antenna has a projection beyond the edge
of'the PCB, thus making the device larger unless said portion
of'the antenna is folded downwards forming a capacitive load.
For example, such a portion (204) of the antenna in FIG. 2a
has been bent approximately 90 degrees in FIG. 25 to allow
the spring contacts (201, 202) to land near an edge of a PCB,
without said portion (204) extending beyond said edge. How-
ever, this solution presents some important limitations. For
example, the mechanical design of the spring contact cannot
be treated independently from the electrical design of the
antenna. A change in the height of the antenna to increase the
bandwidth, or in the length of the capacitive element (204) to
tune the operating bands, will make it necessary to redesign
the spring contact, and modify the length of the strips (201)
and (202). Similarly, a change in the shape of the spring
contact to increase the tensional strength exerted on the land-
ing area of the PCB, will make it necessary to modify the
electrical design of the antenna, for instance the length of the
capacitive loading element (204), in order not to increase the
antenna total area with respect to the antenna body area, and
incur in a stamping area overhead.

In the examples of antennas with spring contacts shown in
FIGS. 1 and 2, the strips of conductive material that will be
used to create the spring contacts (101, 102, 201, 202) pro-
trude from the main body of the antenna (100, 200) towards
the outside, which is clearly different from the antennas with
inner spring contacts of the present invention.

The present invention discloses a novel type of antennas
that comprise an inner spring contact. According to the
present invention the inner spring contact allows to feed the
antenna at an edge of the PCB on which the antenna is
mounted, while avoiding substantially any stamping area
overhead.

Space Filling Curves

In some examples, the antenna may be miniaturized by
shaping at least a portion of the conducting trace, conducting
wire or contour of a conducting sheet of the antenna (e.g., a
part of the arms of a dipole, the perimeter of the patch of a
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patch antenna, the slot in a slot antenna, the loop perimeter in
a loop antenna, or other portions of the antenna) as a space-
filling curve (SFC).

A SFCisacurvethat is large in terms of physical length but
small in terms of the area in which the curve can be included.
More precisely, for the purposes of this patent document, a
SFC is defined as follows: a curve having at least five seg-
ments, or identifiable sections, that are connected in such a
way that each segment forms an angle with any adjacent
segments, such that no pair of adjacent segments defines a
larger straight segment. In addition, a SFC does not intersect
with itself at any point except possibly the initial and final
point (that is, the whole curve can be arranged as a closed
curve or loop, but none of the lesser parts of the curve form a
closed curve or loop). A SFC can comprise straight segments,
curved segments, or a combination of both.

A space-filling curve can be fitted over a flat or curved
surface, and due to the angles between segments, the physical
length of the curve is larger than that of any straight line that
can be fitted in the same area (surface) as the space-filling
curve. Additionally, to shape the structure of a miniature
antenna, the segments of the SFCs should be shorter than at
least one fifth of the free-space operating wavelength, and
possibly shorter than one tenth of the free-space operating
wavelength. The space-filling curve should include at least
five segments in order to provide some antenna size reduc-
tion, however a larger number of segments may be used. In
general, the larger the number of segments and the narrower
the angles between them, the smaller the size of the final
antenna.

Box-Counting Curves

In other examples, the antenna may be miniaturized by
shaping at least a portion of the conducting trace, conducting
wire or contour of a conducting sheet of the antenna to have a
selected box-counting dimension.

For a given geometry lying on a surface, the box-counting
dimension is computed as follows. First, a grid with substan-
tially squared identical cells boxes of size L1 is placed over
the geometry, such that the grid completely covers the geom-
etry, that is, no part of the curve is out of the grid. The number
of boxes N1 that include at least a point of the geometry are
then counted. Second, a grid with boxes of size 1.2 (L2 being
smaller than 1) is also placed over the geometry, such that
the grid completely covers the geometry, and the number of
boxes N2 that include at least a point of the geometry are
counted. The box-counting dimension D is then computed as:

_ log(N2) — log(N1)
T 7 Tog(12) — log(LL)

For the purposes of the antenna with at least one inner
spring contact described herein, the box-counting dimension
may be computed by placing the first and second grids inside
a minimum rectangular area enclosing the conducting trace,
conducting wire or contour of a conducting sheet of the
antenna and applying the above algorithm. The first grid
should be chosen such that the rectangular area is meshed in
an array of at least 5x5 boxes or cells, and the second grid
should be chosen such that L.2='4L and such that the second
grid includes at least 10x10 boxes. The minimum rectangular
area is an area in which there is not an entire row or column on
the perimeter of the grid that does not contain any piece of the
curve. Further, the minimum rectangular area preferably
refers to the smallest possible rectangular area that com-
pletely encloses the curve.
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The desired box-counting dimension for the curve may be
selected to achieve a desired amount of miniaturization. The
box-counting dimension should be larger than 1.1 in order to
achieve some antenna size reduction. If a larger degree of
miniaturization is desired, then a larger box-counting dimen-
sion may be selected, such as a box-counting dimension
ranging from 1.5 to 3. For the purposes of this patent docu-
ment, curves in which at least a portion of the geometry of the
curve, or the entire curve, has a box-counting dimension
larger than 1.1 are referred to as box-counting curves.

For very small antennas, for example antennas that fit
within a rectangle having maximum size equal to one-twen-
tieth the longest free-space operating wavelength of the
antenna, the box-counting dimension may be computed using
a finer grid. In such a case, the first grid may include a mesh
0f'10x10 equal cells, and the second grid may include a mesh
of 20x20 equal cells. The box-counting dimension (D) may
then be calculated using the above equation.

In general, for a given resonant frequency of the antenna,
the larger the box-counting dimension, the higher the degree
of miniaturization that will be achieved by the antenna. One
way to enhance the miniaturization capabilities of the antenna
is to arrange the several segments of the curve of the antenna
pattern in such a way that the curve intersects at least one
point of at least 14 boxes of the first grid with 5x5 boxes or
cells enclosing the curve. If ahigher degree of miniaturization
is desired, then the curve may be arranged to cross at least one
of the boxes twice within the 5x5 grid, that is, the curve may
include two non-adjacent portions inside at least one of the
cells or boxes of the grid.

FIG. 9 illustrates an example of how the box-counting
dimension of a curve (900) is calculated. The example curve
(900) is placed under a 5x5 grid (901) (FIG. 9 upper part) and
under a 10x10 grid (902) (FIG. 9 lower part). As illustrated,
the curve (900) touches N1=25 boxes in the 5x5 grid (901)
and touches N2=78 boxes in the 10x10 grid (902). In this
case, the size of the boxes in the 5x5 grid (901) is twice the
size of the boxes in the 10x10 grid (902). By applying the
above equation, the box-counting dimension of the example
curve (900) may be calculated as D=1.6415. In addition,
further miniaturization is achieved in this example because
the curve (900) crosses more than 14 of the 25 boxes in grid
(901), and also crosses at least one box twice, that is, at least
one box contains two non-adjacent segments of the curve.
More specifically, the curve (900) in the illustrated example
crosses twice in 13 boxes out of the 25 boxes.

Grid Dimension Curves

In further examples, the antenna may be miniaturized by
shaping at least a portion of the conducting trace, conducting
wire or contour of a conducting sheet of the antenna to include
a grid dimension curve.

For a given geometry lying on a planar or curved surface,
the grid dimension of curve may be calculated as follows.
First, a grid with substantially identical cells of size [.1 is
placed over the geometry of the curve, such that the grid
completely covers the geometry, and the number of cells N1
that include at least a point of the geometry are counted.
Second, a grid with cells of size .2 (L2 being smaller than [.1)
is also placed over the geometry, such that the grid completely
covers the geometry, and the number of cells N2 that include
at least a point of the geometry are counted again. The grid
dimension D is then computed as:
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B log(N2) — log(N1)
T " Tog(12) — log(L1)

For the purposes of the antenna with at least one inner
spring contact described herein, the grid dimension may be
calculated by placing the first and second grids inside the
minimum rectangular area enclosing the curve of the antenna
and applying the above algorithm. The minimum rectangular
area is an area in which there is not an entire row or column on
the perimeter of the grid that does not contain any piece of the
curve. Further the minimum rectangular area preferably
refers to the smallest possible rectangular area that com-
pletely encloses the curve.

The first grid may, for example, be chosen such that the
rectangular area is meshed in an array of at least 25 substan-
tially equal cells. The second grid may, for example, be cho-
sen such that each cell of the first grid is divided in 4 equal
cells, such that the size of the new cells is L.2=V4 L1, and the
second grid includes at least 100 cells.

The desired grid dimension for the curve may be selected to
achieve a desired amount of miniaturization. The grid dimen-
sion should be larger than 1 in order to achieve some antenna
size reduction. If a larger degree of miniaturization is desired,
then a larger grid dimension may be selected, such as a grid
dimension ranging from 1.5-3 (e.g., in case of volumetric
structures). In some examples, a curve having a grid dimen-
sion of about 2 may be desired. For the purposes of this patent
document, a curve or a curve where at least a portion of that
curve is having a grid dimension larger than 1 is referred to as
a grid dimension curve.

In general, for a given resonant frequency of the antenna,
the larger the grid dimension the higher the degree of minia-
turization that will be achieved by the antenna. One example
way of enhancing the miniaturization capabilities of the
antenna is to arrange the several segments of the curve of the
antenna pattern in such a way that the curve intersects at least
one point of at least 50% of the cells of the first grid with at
least 25 cells enclosing the curve. In another example, a high
degree of miniaturization may be achieved by arranging the
antenna such that the curve crosses at least one of the cells
twice within the 25-cell grid, that is, the curve includes two
non-adjacent portions inside at least one of the cells or cells of
the grid.

An example of a grid-dimension curve is given in FIG. 10.
In FIG. 11 it is shown how this curve of FIG. 10 is placed in
a 4x8 grid with 32 cells. The curve crosses all 32 cells and
therefore N1=32. In FIG. 12 the curve of FIG. 10 is shown in
combination with an 8x16 grid with 128 cells. The curve
crosses all 128 cells and therefore N2=128. The resulting
grid-dimension is therefore 2. In FIG. 13 the curve of FIG. 10
is shown placed in a 16x32 grid with 512 cells. The curve
crosses at least one point of 509 cells.

Multilevel Structures

In some examples, at least a portion of the conducting
trace, conducting wire or conducting sheet of the antenna may
be coupled, either through direct contact or electromagnetic
coupling, to a conducting surface, such as a conducting
polygonal or multilevel surface. Further the curve of the
antenna may include the shape of a multilevel structure. A
multilevel structure is formed by gathering several geometri-
cal elements, such as polygons or polyhedrons, of the same
type or of different type (e.g., triangles, parallelepipeds, pen-
tagons, hexagons, circles or ellipses as special limiting cases
of'a polygon with a large number of sides, as well as tetrahe-
dral, hexahedra, prisms, dodecahedra, etc.) and coupling
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electromagnetically at least some of such geometrical ele-
ments to one or more other elements, whether by proximity or
by direct contact between elements.

At least two of the elements may have a different size.
However, also all elements may have the same or approxi-
mately the same size. The size of elements of different a type
may be compared by comparing their largest diameter.

The majority of the component elements of a multilevel
structure have more than 50% of their perimeter (for polygon
and surface like elements) or their surface (for polyhedrons)
not in contact with any of the other elements of the structure.
Thus, the component elements of a multilevel structure may
typically be identified and distinguished, presenting at least
two levels of detail: that of the overall structure and that of the
polygon or polyhedron elements that form it. Additionally,
several multilevel structures may be grouped and coupled
electromagnetically to each other to form higher-level struc-
tures. In a single multilevel structure, all of the component
elements are polygons with the same number of sides or are
polyhedrons with the same number of faces. However, this
characteristic is not present when several multilevel struc-
tures of different natures are grouped and electromagnetically
coupled to form meta-structures of a higher level.

A multilevel antenna includes at least two levels of detail in
the body of the antenna: that of the overall structure and that
of the majority of the elements (polygons or polyhedrons)
which make it up. This may be achieved by ensuring that the
area of contact or intersection (if it exists) between the major-
ity of the elements forming the antenna is only a fraction of
the perimeter or surrounding area of said polygons or poly-
hedrons.

One example property of multilevel antennae is that the
radioelectric behavior of the antenna can be similar in more
than one frequency band. Antenna input parameters (e.g.,
impedance) and radiation pattern remain similar for several
frequency bands (i.e., the antenna has the same level of adap-
tation or standing wave relationship in each different band),
and often the antenna presents almost identical radiation dia-
grams at different frequencies. The number of frequency
bands is proportional to the number of scales or sizes of the
polygonal elements or similar sets in which they are grouped
contained in the geometry of the main radiating element.

In addition to their multiband behavior, multilevel struc-
ture antennae may have a smaller than usual size as compared
to other antennae of a simpler structure (such as those con-
sisting of a single polygon or polyhedron). Additionally, the
edge-rich and discontinuity-rich structure of a multilevel
antenna may enhance the radiation process, relatively
increasing the radiation resistance of the antenna and reduc-
ing the quality factor Q (i.e., increasing its bandwidth).

A multilevel antenna structure may be used in many
antenna configurations, such as dipoles, monopoles, patch or
microstrip antennae, coplanar antennae, reflector antennae,
wound antennae, antenna arrays, or other antenna configura-
tions. In addition, multilevel antenna structures may be
formed using many manufacturing techniques, such as print-
ing on a dielectric substrate by photolithography (printed
circuit technique); dieing on metal plate, repulsion on dielec-
tric, or others.

SUMMARY OF THE INVENTION

The invention relates the antennas, devices and methods as
defined in the independent claims. Certain embodiments of
the invention are defined in the dependent claims.

One aspect of the present invention relates to an antenna for
a handset, and generally for any wireless device (such as for
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instance a mobile phone, a smartphone, a PDA, an MP3
player, a headset, a USB dongle, a laptop, a PCMCIA or
Cardbus 32 card), wherein the said antenna features at least
one inner spring contact.
An antenna comprising at least one inner spring contact
according to the present invention has a geometry that defines
one or more gap, opening or empty space within the body of
the antenna in a way that the unfolded strip of a spring contact
fits completely inside the said gap, opening or empty space,
such that:
the minimum rectangular area of the antenna before and
after bending the strip of the spring contact is approxi-
mately the same, so that a compact stamping area is
obtained (i.e., minimal stamping area overhead); and

the region of connection of the spring contact with the main
body of the antenna is substantially close to the perim-
eter of the minimum rectangular area of the main body of
the antenna, so that the antenna can be mounted on the
PCB in such a way that the antenna can be fed close to
the edge of the PCB.

Basically, in accordance with one aspect of the invention,
the antenna comprises a main body of the antenna and at least
one strip extending from said main body for constituting (for
example, after having been bent with regard to the main body
s0 as to extend more or less orthogonally with respect to said
main body) a contact element (such as a spring contact ele-
ment) for connecting the main body to at least one element of
said wireless device (for example, to ground or to a feeding
pad or similar), both of said at least one strip and said main
body being formed out of the same plate of electrically con-
ductive material. The antenna is configured so that when said
metal plate is made flat with said at least one strip and said
antenna body in the same plane (that is, for example, adopting
the shape that it has or had immediately after stamping an
original metal plate so as to define the outline of the antenna):

a “first area” (namely, the “antenna total area”) that is an

area of the smallest possible rectangle that encompasses
the perimeter of the main body and that of said at least
one strip, and a “second area” (namely, the antenna body
area) that is an area of the smallest possible rectangle
that encompasses the perimeter of the main body, are
identical, thus providing for substantially zero stamping
area overhead);

said main body has, within said second area, at least one

gap (or opening, or empty space) in said main body, said
at least on strip extending into said gap from an edge of
said main body that delimits said gap (thus making it
possible to have rather long strips while having the strips
extending from a position close to a perimeter of the
main body and/or of the antenna body area);

at least one of said strips having a free end facing, in a

longitudinal direction of said strip, an edge of said main
body that delimits said gap (that is, the strip is substan-
tially placed “within” the gap and at least partly sur-
rounded by the main body).

Thus, “inner” spring contacts are obtained, obviating the
above-mentioned drawbacks of prior art antenna structures.
For example, when using the inner spring contacts, the strips
can be made long while at the same time being arranged to
extend from the main body at a position close to the perimeter
of the main body or of the antenna body area, allowing the
antenna to be suitably placed on a printed circuit board or
ground-plane, with the spring contacts or similar in contact
with said printed circuit board or ground-plane at one or more
positions close to the relevant perimeter of said printed circuit
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board or ground-plane, and without the main body of the
antenna (or antenna body area) extending beyond said printed
circuit board or ground-plane.

The invention also makes it possible to always arrange the
spring contacts close to the perimeter of the main body or of
the antenna body area, thus making it possible to feed the
antenna and/or connect it to ground, for example, at a position
close to said perimeter. This can be advantageous for obtain-
ing an adequate antenna input impedance and/or for obtaining
an adequate distribution of currents in the antenna and/or
lowering the resonant frequency.

Said at least one gap can be completely surrounded by
electrically conductive material of said main body, so that
said gap is an internal gap within said main body (for
example, not communicating with the external perimeter of
the main body or doing so through some kind of channel),
said at least one strip, when arranged in the same plane as said
main body, being entirely housed within said gap. However,
in some embodiments, the gap is not completely surrounded
by conductive material of said main body, and one or more of
said strips can have a free end that is not facing, in a longitu-
dinal direction of said strip, any edge of said main body that
delimits said gap.

Said at least one strip can comprise a plurality of strips,
each strip extending from said main body for constituting a
contact element for connecting the main body to at least one
element of said wireless device. These strips can be housed in
the same or different gaps.

Said at least one strip can be connected to the main body at
apoint of transition between said main body and said strip, at
an edge of said main body delimiting said gap, wherein said
point of transition is placed at a small distance from the
perimeter of said second area or from the perimeter of the
main body. In this context, “small distance” can be a distance
of less than X % of the extension of said second area in the
longitudinal direction of the strip, X being less than 25, 20, 15
or 10, or even 5. As an alternative, “small distance” can be a
distance of less than Y % of the length of the shortest side of
said second area (that is, the antenna body area), Y being less
than 25, 20, 15, or 10, or even less than 5.

Another aspect of the invention relates to an antenna for a
wireless device, said antenna comprising a main body of the
antenna and at least one strip extending from said main body
for constituting a contact element for connecting the main
body to at least one element of said wireless device, both of
said at least one strip and said main body being formed out of
the same plate of electrically conductive material, wherein
the antenna is configured so that when said metal plate is
made flat with said at least one strip and said antenna body in
the same plane:

a first area (the antenna total area) being an area of the
smallest possible rectangle that encompasses the perim-
eter of the main body and that of said at least one strip,
and a second area (the antenna body area) being an area
of the smallest possible rectangle that encompasses the
perimeter of the main body, are identical;

said main body has, within said second area, at least one
gap (or opening, or empty space) in said main body, said
at least on strip extending into said gap from an edge of
said main body that delimits said gap;

wherein said at least one strip is connected to the main body
ata point of transition between said main body and said strip,
atan edge of said main body delimiting said gap, wherein said
point of transition is placed at a small distance from the
perimeter of said second area.

Said small distance can a distance of less than X % of the
extension of said second area in the longitudinal direction of
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the strip, X being less than 25, 20, 15 or 10, or even less than
5. As an alternative, said small distance can be a distance of
less than'Y % of the length of the shortest side of said second
area, Y being less than 25, 20, 15 or 10, or even less than 5.

In some embodiments in accordance with this aspect of the
invention, none of said strips has a free end that is facing, in a
longitudinal direction of said strip, an edge of said main body
that delimits said gap.

Further aspects of some embodiments are described below
and/or defined in dependent claims.

When there is more than one strip, the strips can be parallel
or not (for example, they can extend perpendicularly to each
other). The strips can extend from the same edge ofthe gap, or
from different edges. The strips can even extend from oppo-
site edges and/or extend in contrary directions. The strips can
have the same or different lengths. That is, the strips can be
arranged in many ways, depending on design restrictions
such as the position of the landing area and/or contact pads
that should be contacted by the strips in order to establish
connection with the antenna (such as connection for feeding
the antenna and/or for grounding it).

In many embodiments of the antenna, the strips will ini-
tially extend from said edge of said main body towards a more
central portion of said main body, that is, “inwards” from the
perimeter of the antenna body.

In many embodiments of the antenna, the antenna does not
comprise any capacitive loads formed by bended perimetric
portions of said main body. Due to the way the strips extend
“inwards”, bending such perimetric portions is not any longer
necessary in order to have the spring contacts extend down-
ward towards their landing areas at a position close to the
perimeter of the antenna body area.

Another aspect of the invention relates to a method for
contacting the antenna by means of an inner spring contact.

A further aspect of the invention is related to a wireless
device including an antenna as described above. The antenna
can be mounted on a printed circuit board or ground plane of
said wireless device, and said at least one strip can be in
contact with said printed circuit board at an area of connection
at a small distance from an edge of said printed circuit board
or ground plane. Said “small distance” can be a distance of
less than 7 % ofthe length of the printed circuit board, Z being
less than 10, less than 5 or even less than 3 or 1.

On the other hand, the orthogonal projection of the main
body of the antenna on the printed circuit board can be
entirely within the perimeter of said printed circuit board.

On the other hand, the wireless device can include at least
one component arranged on said printed circuit board in
correspondence with said gap so that said component is
accessible through said gap (once the strips have been bent).
This is useful for providing for a more efficient use of the PCB
area. Typical examples of components that can be placed in
this way are a radio frequency connector and an objective of
a camera such as a digital camera.

A further aspect of the invention relates to the technique to
increase the density of components in the handset or wireless
device by integrating underneath the antenna components of
the said handset or wireless device that can be accessed from
the outside through the gaps, openings or empty spaces in the
main body of the antenna left after folding the strip of the
spring contact.

LIST OF FIGURES

Further characteristics and advantages of the invention will
become apparent in view of the detailed description which
follows of some preferred embodiments of the invention
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given for purposes of illustration only and in no way meant as
a definition of the limits of the invention, made with reference
to the accompanying drawings, in which:

FIG. 1—Example of an antenna for a handset or wireless
device comprising spring contacts that protrude towards the
outside of the main body of'the antenna: (a) Top view of a flat
plate of conductive material with the shape of the antenna
comprising the strips of the spring contacts; and (b) perspec-
tive view of the antenna after folding the strips of the spring
contacts.

FIG. 2—FExample of an antenna for a handset or wireless
device comprising spring contacts that protrude towards the
outside of the main body of the antenna but having a antenna
total area approximately equal to the antenna body area: (a)
Top view of a flat plate of conductive material with the shape
of the antenna comprising the strips of the spring contacts;
and (b) perspective view of the antenna after folding the strips
of the spring contacts and some portions of the antenna.

FIG. 3—Example of an antenna for a handset or wireless
device comprising inner spring contacts according to the
present invention: (a) Top view of a flat plate of conductive
material with the shape of the antenna comprising the strips of
the spring contacts; and (b) perspective view of the antenna
after folding the strips of the spring contacts.

FIG. 4—FExample of a patch antenna with an inner spring
contact mounted on a PCB of a mobile handset with the
dimensions 100 mmx40 mm.

FIG. 5—FExample of a PIFA with two inner spring contacts
mounted on a PCB of a mobile handset with the dimensions
100 mmx40 mm.

FIG. 6—FExamples of an antenna according to the present
invention comprising two unfolded inner spring contacts
arranged in an opening within the structure of the main body
of the antenna.

FIG. 7—Examples of multiband antennas according to the
present invention comprising two inner spring contacts: (a)
Multiband antenna comprising one single element including
inner spring contacts; and (b) multiband antenna comprising
an electrically driven element and a parasitic element both
including inner spring contacts.

FIG. 8—Examples of the higher integration capabilities of
components on the PCB of a handset using an antenna with
inner spring contacts according to the present invention: (a)
Integration of a RF connector in the opening defined in the
geometry of the antenna; and (b) integration of an objective of
a digital camera in the opening defined in the geometry of the
antenna.

FIG. 9—FExample of how to calculate the box counting
dimension.

FIG. 10—Example of a curve featuring a grid-dimension
larger than 1, referred to herein as a grid-dimension curve.

FIG. 11—The curve of FIG. 18 in the 32 cell grid, wherein
the curve crosses all 32 cells and therefore N1=32.

FIG. 12—The curve of FIG. 18 in a 128 cell grid, wherein
the curve crosses all 128 cells and therefore N2=128.

FIG. 13—The curve of FIG. 18 in a 512 cell grid, wherein
the curve crosses at least one point of 509 cells.

FIG. 14—Examples of an antenna according to the present
invention comprising two unfolded inner spring contacts
arranged in an empty space within the structure of the main
body of the antenna, wherein the said empty space is not
completely surrounded by the conductive material of the
antenna.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 3 shows a preferred embodiment of an antenna for a
handset including at least one inner spring contact according
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to the present invention. The antenna in FIG. 3 comprises a
main body (300) and two strips (301, 302). FIG. 3a shows the
shape ofthe antenna as a flat plate of conductive material after
the stamping process has taken place. The strips (301,302) are
unfolded and coplanar to the main body of the antenna (300).
In FIG. 354, the said strips (301, 302) have been folded and
shaped into spring contacts. In some cases the antenna of the
FIG. 3 will be mounted on a plastic carrier, while in other
cases the antenna will be affixed to the plastic cover of the
handset.

According to the present invention, the main body of the
antenna (300) defines empty spaces within its extension, such
as for example the region or gap (303), in which the unfolded
strips for the spring contacts (301, 302) can be placed. The
rectangle (304) is the smallest possible rectangle that
encloses the perimeter of the main body of the antenna (300).
Furthermore, the rectangle (304) is also the smallest possible
rectangle that encloses the perimeter of the main body of the
antenna (300) and that of the strips of the spring contacts (301,
302). Therefore, the flat shape of the antenna disclosed in
FIG. 3a has an antenna total area equal to the antenna body
area, and hence there is no stamping area overhead.

The size of the openings, gaps, or empty spaces defined
within the extension of the main body of the antenna must be
large enough to house the unfolded strips of the spring con-
tacts. The length of an unfolded strip of a spring contact
comprises the length corresponding to the height of the
antenna with respect to the PCB on which the antenna is
mounted, and, normally, the additional length necessary to
provide the bends to the strips to shape the spring contacts.

An opening, gap or empty space within the extension ofthe
main body of the antenna must have a length larger than the
length of an unfolded strip of a spring contact, and a width
larger than the width of the strip of the spring contact. In the
context of this application the length of a gap, opening or
empty space is defined as being the linear dimension parallel
to a longest side of the strip of the spring contact contained in
the said gap, opening, or empty space. In the same way, the
width of a gap, opening or empty space is defined as being the
linear dimension perpendicular to a longest side of the strip of
the spring contact contained in the said gap, opening, or
empty space. For example in FIG. 3a, L denotes the length of
the empty region (303), while W is the width of the empty
region (303).

In some embodiments, the length of a gap, opening or
empty space containing an inner spring contact will be pref-
erably larger than a minimum value selected from the group
of minimum values including 2 mm, 4 mm, 6 mm, 8 mm, 10
mm, 11 mm, 12 mm, 13 mm, 14 mm, 15 mm, 16 mm, 18 mm,
and 20 mm. In some examples, the width of a strip of a spring
contact will be in the range from approximately 0.5 mm to
approximately 4 mm, including any subinterval of said range.

Additionally, the strips ofthe spring contacts (301, 302) are
connected to the main body of the antenna (300) in region or
“point of transition” (305), which is substantially close to the
perimeter of the minimum rectangular area of the main body
of the antenna, in this case the bottom edge of the rectangle
(304). As aresult, after folding the strips of the spring contacts
(301,302), as shown in FIG. 35, the landing area of the spring
contacts on a PCB can be substantially close to an edge of the
said PCB. In some embodiments, the distance between a
landing area of a spring contact on a PCB and an edge of the
said PCB is preferably smaller than, or approximately equal
to, a maximum value selected from the group of maximum
values including 1 mm, 2 mm, 3 mm, 4 mm and 5 mm. Said
distance can typically be less than 25, 20, 15, 10 or 5% of the
dimension of the rectangle (304) in the direction of the strip,
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or of the longest and/or shortest side of the strip. The distance
can be counted from the region or point of transition (305)
between the main body (300) and the strips (301, 302), that
takes place at an edge (306) of the main body that delimits the
gap. On the other hand, the free ends (308) of the both strips
(301, 302) are facing an opposite edge (307) of the main body
that delimits the same gap. When the strips are bent to extend
orthogonally with respect to the general plane of the main
body (300), the bend is substantially corresponding to said
point or region of transition (305), as shown in FIG. 35.

In some cases, four edges of a strip of the spring contact
will be surrounded by the conductive material of the main
body of the antenna. In other cases three edges, or even just
two edges, of the said strip will be surrounded by the conduc-
tive material of the main body of the antenna. For example, in
FIG. 3a, both strips (301, 302) have four edges surrounded by
the conductive material of the main body of the antenna (300).
One of the said four edges of the strips (301, 302) is in direct
contact with the main body of the antenna (300) in region
(305).

FIG. 14 discloses some examples of an antenna in which
the strips of the spring contacts are placed in an opening
(1401, 1411, 1421) defined within the structure of the main
body of the antenna (1400), and in which the said opening
(1401, 1411, 1421) is not completely surrounded by the con-
ductive material of the antenna. In FIGS. 14a and 145, the
strips (1402, 1403, 1412, 1413) have three of their edges
surrounded by the conductive material of the main body of the
antenna (1400). In FI1G. 14¢, one of'the strips (1422) has three
of’its edges surrounded by the conductive material of the main
body of the antenna (1400), while the other strip (1423) is
surrounded by the conductive material of the main body of the
antenna (1400) in only two of its edges.

That is, in FIG. 144, the strips extend from an edge (1406)
of the main body (1400) of the antenna, but the free ends
(1405) of said strips, in a longitudinal direction of said strips,
are not facing any edge of the main body that delimits said
gap, but rather face an opening where said gap (1401) com-
municates with the exterior (that is, they are not facing con-
ductive material of said main body).

In FIG. 145, however, both strips (1412) and (1413) extend
from an edge (1410) of the main body that delimits said gap
(1411), and the free ends (1414) of said strips face an opposite
edge (1415) of said main body, delimiting said gap.

In FIG. 14, the free end (1424) of one of the strips (1422)
extending from the edge (1420) of the main body delimiting
the gap faces, in the longitudinal direction of the strip, an
opposite edge (1426) of said main body delimiting the gap
(1421), whereas the free end (1425) of the other strip (1423)
does not face said opposite edge (1426).

In some embodiments, the antenna will have only one
spring contact according to the present invention. In these
cases the spring contact can typically be used to feed the
antenna. In some other preferred embodiments, the antenna
will have two or more spring contacts. In these other cases,
one of the spring contacts will typically serve to feed the
antenna, while the other spring contact (or other spring con-
tacts) can be used to connect the antenna to the ground plane
of the PCB, which can be advantageous to have a better
control over the input impedance of the antenna, to miniatur-
ize the antenna, or a combination of these effects.

According to the present invention, in some cases an
antenna with only one spring contact can be advantageous,
being some of the reasons:

a Reduction of the mechanical complexity of the antenna,

aspect that can be especially interesting for single-band
antennas.
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Making the design more robust to dimensional tolerances.

Decreasing the chances of malfunctioning of the antenna
because of a loss of electrical continuity (e.g., an air gap)
between the spring contact with its landing area (or pad)
on the PCB, which makes for example the antenna more
reliable in a drop test.

Requiring fewer pads for the landing area of the spring
contacts, which results in more space available to other
components on the PCB.

FIG. 4 presents an embodiment of an antenna (400), with
one inner spring contact (403) according to the present inven-
tion, mounted on a PCB (401) that has some typical dimen-
sions of a mobile handset (such as 100 mmx40 mm). In this
particular example, the antenna (400) takes the form of a
patch antenna and comprises a main body (402) placed at a
certain height over the ground plane of the PCB (400), and a
spring contact (403) that is used to feed the antenna (400). The
antenna (400) is mounted on the PCB (401) in such a way that
the landing area of the spring contact (403) is substantially
close to an edge of the PCB (401). In this particular example,
and in no way meant to be a limitation of the invention, the
geometry of the antenna (400) has been designed to operate at
a single band, providing coverage for the GSM850 commu-
nication service.

Another embodiment of an antenna with inner spring con-
tacts is shown in FIG. 5. In this case, the antenna (500) has two
inner spring contacts (503, 504) mounted on the PCB (501) of
a handset. One of these spring contacts (503) is used to feed
the antenna, while the other spring contact (504) is connected
to the ground plane of the PCB (501). In this particular case,
the antenna (500) is a planar inverted-F antenna (PIFA), and
the geometry of the antenna has been designed to operate in
the GSM850 band.

In some cases the use of such an antenna might require a
matching network to increase, for instance, the impedance
bandwidth. The matching network might include one or more
elements (such as for example inductors, capacitors, resistors,
or jumpers). The matching network can have any type of
topology with elements being connected in parallel and in
series, forming, for example, [.-shaped (i.e., parallel-series or
series-parallel) networks or [I-shaped (parallel-series-paral-
lel) networks. In some other cases, embodiments in which
there is one or more spring contacts that connect the antenna
to the ground plane of the PCB can be advantageous as it
might make a matching network unnecessary.

Some preferred examples of an antenna with inner spring
contacts are presented in FIG. 6. The figure presents a top
view of a flat plate of conductive material which, by means of
a stamping process, has been given the shape of an antenna
comprising two strips to be used as spring contacts. Without
limitation, the number of spring contacts could have been
selected to be another number.

In the cases depicted in FIGS. 64, 65, and 6¢, the two strips
of the spring contacts (602, 603, 612, 613, 622, 623) are
connected on the same edge of the opening (601) created in
the main body of the antenna (600). The embodiments shown
in FIGS. 64, 6¢ and 6f correspond to cases in which not all the
strips of the spring contacts are connected to the main body of
the antenna (600) on the same edge of the opening (601).
Moreover, FIG. 6fdiscloses the case in which the strips (652,
653) are not parallel. FIGS. 6g and 6/ present some cases in
which the main body of the antenna (600) includes more than
one opening within its extension, and in which not all the
strips of the spring contacts are placed inside the same open-
ing. In some cases (see FIGS. 6g and 6i), the antenna com-
prises strips of different lengths. FIG. 6/ shows an antenna
whose main body (600) has an opening of an arbitrary shape
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(681). It can be advantageous in some cases to use the strip
that is closer to the external perimeter of the antenna (612,
622, 632, 642, 652, 682) as the spring contact for feeding
purposes, as this can be placed closer to an edge of the PCB on
which the antenna is mounted.

In some cases the antenna will be able to operate simulta-
neously at two, three, or more bands. FIG. 7a shows an
embodiment of an antenna (700) mounted on a PCB (701),
wherein the antenna (700) comprises two inner spring con-
tacts (703, 704). One of said two spring contacts (703, 704) is
for feeding purposes, while the other one connects the
antenna (700) to the ground plane of the PCB (701). In this
case, the antenna (700) is capable of a multiband behavior.
The openings in the geometry of the antenna (700), creating
the geometric elements (701) and (702), make it possible for
the antenna to support more resonance modes and operate in
different frequency bands (such as for instance GSM900 and
GSM1800).

In certain examples, the antenna will comprise only one
element made of conductive material, while in some other
examples the antenna will comprise two or more elements.
The latter arrangements can be advantageous to create para-
sitic elements to enhance the antenna performance. When the
antenna comprises more than one element of conductive
material, one or more of said elements can include a spring
contact. In these cases, at least one of the elements of the
antenna will have an inner spring contact according to the
present invention. FIG. 7b presents another example of a
multiband antenna with inner spring contacts. As in the case
of FIG. 7a, the openings in the geometry of the antenna (750),
creating the geometric elements (751) and (752), make it
possible for the antenna (750) to exhibit multiple band behav-
ior. In this case, the antenna (750) comprises another conduc-
tive element (755) that is connected to the ground plane of the
PCB (701), by means of a spring contact (756). In this par-
ticular example the spring contacts of the electrically driven
element (753, 754), and that of the parasitic element (756) are
inner spring contacts according to the present invention.

In some embodiments the parasitic element (755) will be
coplanar to the electrically driven element of the antenna
(750). A parasitic element is advantageous in enhancing the
electrical behavior of the antenna. Coplanar parasitic element
would be preferred to simplify the design of the carrier of the
antenna, further reducing the cost of the antenna.

Another aspect of the invention relates to the higher capa-
bility for integration of components underneath the antenna
and that need to be accessible from the outside (such as for
instance, but not limited to, a RF test connector, or a camera).
Once the strips of the spring contacts have been folded, the
space occupied by the unfolded strips of the spring contacts
inside the gaps, openings or empty spaces created within the
extension of the main body of the antenna becomes available
for the placement of other electrical or mechanical compo-
nents carried by the PCB. For example, in FIG. 3a, the
unfolded strips of the spring contacts (301, 302) occupy a
substantial portion of the opening (303), that becomes avail-
able for the placement of other components when the strips of
the spring contact (301, 302) are given their final shape.

FIG. 8 presents a couple of examples of how a higher level
of integration of the components carried by the PCB of a
handset or a wireless device can be obtained by means of an
antenna with inner spring contacts. FIGS. 8a and 85 show a
top view of a PCB (801) comprising an antenna (800) with
two inner spring contacts (802, 803). In the figures, the spring
contacts (802, 803) are already folded, and leave the opening
(804) available for the integration of other components. In the
case of FIG. 8aq, the PCB (801) includes a matching network
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(805) connected to the landing area of at least one of the
spring contacts (802, 803). A transmission line (807) (such as
for instance, but not limited to, a microstrip line, coplanar
line, or stripline) connects the matching network (805) to an
RF circuit (808). At some point along the transmission line
(807) between the matching network (805) and the RF circuit
(808), and under the projection of the opening (804) on the
PCB (801), there is an RF connector (806). The RF connector
(806) can be accessed from the outside of the handset or
wireless device through the opening in the antenna (804), and
can be used, for example, for the purposes of testing the
output power level of the RF circuit (808). FIG. 85 presents
another embodiment in which the opening (804) is advanta-
geously used to place the objective of a digital camera (850).

In some cases, it can be advantageous to use the gap,
opening or empty space that becomes available after folding
the strips of the spring contacts, to integrate electrical,
mechanical or electromechanical components carried by the
PCB (such as for instance a loudspeaker) and that do not have
to be accessible from the outside of the handset or wireless
device, but which should preferably not be placed underneath
a conductive part of the antenna, for example, so as not to
interfere with the antenna.

The present invention can be applied to antennas with
different antenna topologies, both balanced and unbalanced.
In particular, monopoles, dipoles, loops, folded and loaded
monopoles and dipoles, and their slot or aperture equivalents
(slot monopoles, slot dipoles, slot loops, folded and loaded
slot monopoles and dipoles) are some of the structures in
which the present invention can be applied. Other structures
include shorted and bent monopoles (L-shaped monopoles,
inverted-F antennas or IFA), multibranch structures, coupled
monopoles and dipole antennas and again their aperture
equivalents. Another possible antenna configuration is a
microstrip or patch antenna, including their shorted versions
(shorted patches and planar inverted-F or PIFA structures).
All of these antennas could use an inner spring contact
according to the present invention to connect the antenna to
the pad or electrical contact region on the PCB.

In some preferred embodiments the handset or wireless
device comprising an antenna with at least one inner spring
contactis operating at one, two, three or more of the following
communication and connectivity services: GSM (GSMS850,
GSM900, GSM1800, American GSM or PCS1900,
GSM450), UMTS, WCDMA, CDMA, Bluetooth™,
IEEE802.11a, IEEE802.11b, IEEE802.11g, WLAN, WiFj,
UWB, ZigBee, GPS, Galileo, SDARs, XDARS, WiMAX,
DAB, FM, DMB, DVB-H.

The invention claimed is:

1. An antenna for a wireless device comprising:

a main body;

a first strip;

a second strip;

wherein the first strip and the second strip extends from the
main body for constituting at least two contact elements
for connecting the main body to at least two contact
elements of said wireless device;

wherein the first strip, the second strip and said main body
are formed out of a same plate of electrically conductive
material;

wherein the first strip comprises a first free end and an end
connected to the main body at a first point of transition
between the main body and the first strip;

wherein the second strip comprises a second free end and
an end connected to the main body at a second point of
transition between the main body and the second strip;
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wherein the antenna is configured so that when said plate is
made flat with the first strip, the second strip and said
main body lying on a same plane, then a first area being
an area of a smallest possible rectangle that encom-
passes a perimeter of the main body and that of said first 5
strip and said second strip and a second area being an
area of a smallest possible rectangle that encompasses
the perimeter of the main body, are identical;

wherein the antenna is configured so that when said plate is
made flat with said first strip, said second strip and said
main body lying on a same plane, then said main body
comprises within said second area, a gap in the main
body, said first strip extending into said gap from a first
edge of said main body that delimits said gap;

wherein a distance along a longitudinal direction of the first
strip and away from the gap between said first point of
transition and a first side of a perimeter of the second
area is smaller than a distance between said first point of
transition and a midpoint between two opposite sides of
the perimeter of the second area along said longitudinal
direction, so that the first strip extends from said first
edge towards a more central portion of the main body;

wherein the electrically conductive material of the main
body extends continuously along said longitudinal
direction between said first point of transition and said
first side, so that when the first strip is folded about said
point of transition, the free end is proximate to said first
side;

wherein one strip of the first strip and the second strip
serves as a contact element for feeding the antenna; and

wherein the other strip of the first strip and the second strip
serves as a contact element for connecting the antenna to
ground.

2. The antenna according to claim 1, wherein said gap is
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said main body, so that said gap is an internal gap within said

main body, and wherein said first strip and said second strip,
when arranged on the same plane as said main body, is
entirely housed within said gap.

3. The antenna according to claim 1, wherein:

the second strip extends into the gap from a second edge of
the main body that delimits the gap;

wherein a distance along a longitudinal direction of the
second strip and away from the gap between said second
point of transition and a second side of the perimeter of 45
the second area is smaller than a distance between said
second point of transition and a midpoint between two
opposite sides of the perimeter of the second area along
the longitudinal direction of the second strip; and

wherein the electrically conductive material of the main
body extends continuously along the longitudinal direc-
tion of the second strip between said second point of
transition and said second side.

4. The antenna according to claim 3, wherein the first strip

40

50

and the second strip extend into the gap from a same edge of 55
the main body that delimits the gap.

5. The antenna according to claim 3, wherein said first strip

and the second strip extend into the gap from different edges
of said main body that delimit said gap.

6. The antenna according to claim 1, wherein:

the main body comprises, within the second area, a second
gap: . .

wherein the second strip extends into the second gap from
a second edge of the main body that delimits the second
mp: B

wherein a distance along the longitudinal direction of the
second strip and away from the second gap between said
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second point of transition and a second side of the perim-
eter of the second area is smaller than a distance between
said second point of transition and a midpoint between
two opposite sides of the perimeter of the second area
along the longitudinal direction of the second strip; and

wherein the electrically conductive material of the main
body extends continuously along the longitudinal direc-
tion of the second strip between said second point of
transition and said second side.

7. The antenna according to claim 1, wherein said gap is not
completely surrounded by conductive material of said main
body.

8. The antenna according to claim 1, wherein the second
free end is not facing, in a longitudinal direction of said
second strip, any edge of said main body that delimits said
gap.

9. The antenna according to claim 1, wherein said first
point of transition is placed at a small distance from the
perimeter of said second area.

10. The antenna according to claim 9, wherein said small
distance is a distance of less than 10% of an extension of said
second area in the longitudinal direction of the first strip.

11. The antenna according to claim 9, wherein said small
distance is a distance of less than 10% of a length of the
shortest side of said second area.

12. The antenna according to claim 1, wherein the second
strip extends into the gap from a second edge of the main body
that delimits the gap.

13. The antenna according to claim 1, wherein the first strip
and the second strip extend in substantially parallel direc-
tions.

14. The antenna according to claim 1, wherein said first
strip and the second strip extend in substantially perpendicu-
lar directions.

15. The antenna according to claim 1, wherein the first strip
extends in a direction contrary to the direction of the second
strip.

16. The antenna according to claim 1, wherein the first strip
and the second strip have different lengths.

17. The antenna according to claim 1, wherein a perimeter
of said main body is shaped as a curve having at least five
segments that are connected in such a way that each segment
forms an angle with any adjacent segment, such that no pair of
adjacent segments defines a larger straight segment, and
wherein said curve does not intersect with itself at any point
except, at the initial and final point of said curve, and wherein
the segments of the curve are shorter than one fifth of the
free-space operating wavelength.

18. The antenna according to claim 17, wherein said seg-
ments are shorter that one tenth of the free-space operating
wavelength.

19. The antenna according to claim 1, wherein a perimeter
of'said main body is shaped as a curve having a box-counting
dimension larger than 1.1.

20. The antenna according to claim 19, wherein a perimeter
of'said main body is shaped as a curve having a box-counting
dimension larger than 1.5.

21. The antenna according to claim 1, wherein a perimeter
of said main body is shaped as a curve having a grid dimen-
sion larger than 1.

22. The antenna according to claim 21, wherein a perimeter
of said main body is shaped as a curve having a grid dimen-
sion larger than 1.5.

23. The antenna according to claim 1, wherein said main
body comprises at least one multilevel structure.

24. The antenna according to claim 1, wherein said main
body is a radiating element of said antenna and wherein said
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antenna is at least one of: a monopole antenna, a dipole
antenna, a patch antenna, an inverted-F antenna, and a planar
inverted-F antenna.

25. The antenna according to claim 1, wherein the first strip
has the free end facing, in the longitudinal direction of the
strip, an edge of the main body that delimits the gap.

26. The antenna according to claim 1, wherein said first
strip is bent at least once to extend in a direction substantially
orthogonal to said main body.

27. The antenna according to claim 1, wherein said first
strip is arranged to constitute a spring contact for connecting
the main body to an element of said wireless device.

28. The antenna according to claim 1, wherein a width of
the first strip is in a range from approximately 0.5 mm to
approximately 4 mm.

29. The antenna according to claim 1, wherein the gap
containing the first strip has a width larger than twice a width
of the first strip.

30. The antenna according to claim 1, wherein a perimeter
of said main body is shaped as a curve having at least five
segments that are connected in such a way that each segment
forms an angle with any adjacent segment, such that no pair of
adjacent segments defines a larger straight segment, and
wherein said curve does not intersect with itself at any point,
and wherein the segments of the curve are shorter than one
fifth of the free-space operating wavelength.

31. An antenna for a wireless device comprising:

a main body;

a first strip;

a second strip;

wherein the first strip and the second strip extends from

said main body for constituting at least two contact
elements for connecting the main body to at least two
elements of said wireless device;

wherein the first strip, the second strip and said main body

are formed out of a the same plate of electrically con-
ductive material;

wherein the first strip comprises a first free end and an end

connected to the main body at a first point of transition
between the main body and the first strip;
wherein the second strip comprises a second free end and
an end connected to the main body at a second point of
transition between the main body and the second strip;

wherein the antenna is configured so that when said plate is
made flat with said first strip, said second strip and said
main body lying on a same plane, then a first area being
an area of a smallest possible rectangle that encom-
passes a perimeter of the main body and that of said first
strip and said second strip and a second area being an
area of a smallest possible rectangle that encompasses
the perimeter of the main body, are identical;

wherein the antenna is configured so that when said plate is

made flat with said first strip, said second strip and said
main body lying on a same plane, then said main body
comprises, within said second area, a gap in said main
body, said first strip extending into said gap from a first
edge of said main body that delimits said gap;

wherein a distance along a longitudinal direction of the first

strip and away from the gap between said first point of
transition and a first side of a perimeter of the second
area is smaller than a distance between said first point of
transition and a midpoint between two opposite sides of
the perimeter of the second area along said longitudinal
direction, so that the first strip extends from said first
edge towards a more central portion of the main body;
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wherein at least one said first point of transition and said
second point of transition is placed at a small distance
from the perimeter of said second area;

wherein said small distance is less than 20% of an exten-

sion of the second area in said longitudinal direction and
less than 20% of a length of a shortest side of the second
area;
wherein one strip of the first strip and the second strip
serves as a contact element for feeding the antenna; and

wherein the other strip of the first strip and the second strip
serves as a contact element for connecting the antenna to
ground.

32. The antenna according to claim 31, wherein said small
distance is less than 10% of the extension of the second area
in said longitudinal direction.

33. The antenna according to claim 31, wherein said small
distance is less than 10% of the length of the shortest side of
the second area.

34. The antenna according to claim 31, wherein the first
free end of the first strip is not facing, in the longitudinal
direction of said first strip, an edge of said main body that
delimits said gap.

35. The antenna according to claim 31, wherein said first
strip is bent at least once to extend in a direction substantially
orthogonal to said main body.

36. The antenna according to claim 31, wherein said first
strip is arranged to constitute a spring contact for connecting
the main body to an element of said wireless device.

37. The antenna according to claim 31, wherein a width of
the first strip is in a range from approximately 0.5 mm to
approximately 4 mm.

38. The antenna according to claim 31, wherein the gap
containing the first strip has a width larger than twice a width
of' the first strip.

39. The antenna according to claim 31, wherein the second
strip extends into the gap from a second edge of the main body
that delimits the gap.

40. The antenna according to claim 31, wherein the first
strip and the second strip extend in substantially parallel
directions.

41. The antenna according to claim 31, wherein said first
strip and the second strip extend in substantially perpendicu-
lar directions.

42. The antenna according to claim 31, wherein the first
strip and the second strip extend into the gap from a same edge
of the main body that delimits the gap.

43. The antenna according to claim 31, wherein said first
strip and the second strip extend into the gap from different
edges of said main body that delimit said gap.

44. The antenna according to claim 31, wherein the first
strip extends in a direction contrary to the direction of the
second strip.

45. The antenna according to claim 31, wherein the first
strip and the second strip have different lengths.

46. A wireless device comprising:

a printed circuit board, the printed circuit board comprising

a ground plane and an antenna element;

wherein the antenna element is mounted on the printed

circuit board, said antenna element comprising:

at least two spring contacts;

wherein said antenna element is fabricated including the

steps of stamping a flat solid plate of conductive material
such that a substantially flat structure of a particular
shape is obtained;

said substantially flat structure comprising:

a main body;
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afirst strip, the first strip being used to create at least one
of said at least two spring contacts;

a second strip, the second strip being used to create at
least one of said at least two spring contacts;

wherein a geometry of the substantially flat structure
defines an opening within an extension of the main
body so that the first strip and the second strip fit
completely inside the opening;

wherein the first strip comprises a first free end and an end

connected to the main body at a first point of transition
between the main body and the first strip, the first strip
extending into the opening from a first edge of the main
body that delimits the opening;

wherein the second strip comprises a second free end and

an end connected to the main body at a second point of
transition between the main body and the second strip,
the second strip extending into the opening from a sec-
ond edge of the main body that delimits the opening;
wherein the first strip extends longitudinally from said first
edge towards a more central portion of the main body;
wherein the second strip extends longitudinally from said
first edge towards a more central portion of the main
body;
wherein a first area of a smallest possible rectangle that
encompasses a perimeter of the main body and that of
the first strip and the second strip is approximately
equal to a second area of a smallest possible rectangle
that encompasses the perimeter of the main body;
wherein one strip of the first strip and the second strip
serves as a contact element for feeding the antenna;
wherein the other strip of the first strip and the second strip
serves as a contact element for connecting the antenna to
ground;
wherein said first strip is in contact with said printed circuit
board at a first area of connection located at a small
distance from an edge of said printed circuit board; and

wherein said small distance is less than 10% of a length of
the printed circuit board.

47. The antenna according to claim 46, wherein the open-
ing containing the first strip has a width larger than twice a
width of the first strip.

48. The antenna according to claim 47, wherein the width
of'the first strip is in the range from approximately 0.5 mm to
approximately 4 mm.

49. The antenna according to claim 46, wherein the first
strip and the second strip extend in substantially perpendicu-
lar directions.

50. The antenna according to claim 46, wherein said first
edge and said second edge are a same edge of the main body
that delimits the opening.

51. The antenna according to claim 46, wherein said first
edge and said second edge are different edges of the main
body that delimit the opening.

52. A wireless device comprising:

aprinted circuit board, the printed circuit board comprising

a ground plane and an antenna element;

wherein the antenna element is mounted on the printed

circuit board, said antenna element comprising:

a main body;

a first strip extending from the main body for constituting

a first contact element for connecting the main body to
an element of said wireless device;
wherein the first strip and said main body are both formed
out of a same plate of electrically conductive material;

wherein the first strip comprises a first free end and an end
connected to the main body at a first point of transition
between the main body and the first strip;
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wherein the antenna element is configured so that when
said plate is made flat with said first strip and said main
body lying on a same plane, then a first area being an area
of a smallest possible rectangle that encompasses a
perimeter of the main body and that of said first strip and
a second area being an area of a smallest possible rect-
angle that encompasses the perimeter of the main body,
are identical;

wherein the antenna element is configured so that when
said plate is made flat with said first strip and said main
body lying on a same plane, then said main body com-
prises, within said second area, a gap in the main body,
said first strip extending into said gap from a first edge of
said main body that delimits said gap;

wherein a distance along a longitudinal direction of the first
strip and away from the gap between said first point of
transition and a first side of a perimeter of the second
area is smaller than a distance between said first point of
transition and a midpoint between two opposite sides of
the perimeter of the second area along said longitudinal
direction, so that the first strip extends from said edge
towards a more central portion of the main body;

wherein the electrically conductive material of the main
body extends continuously along said longitudinal
direction between said first point of transition and said
first side, so that when the first strip is folded about said
first point of transition, the free end is proximate to said
first side; and

wherein said wireless device includes at least one compo-
nent arranged on said printed circuit board in correspon-
dence with said gap so that said at least one component
is accessible through said gap.

53. The wireless device according to claim 52, wherein
said first strip is in contact with said printed circuit board at an
area of connection located at a small distance from an edge of
said printed circuit board.

54. The wireless device according to claim 53, wherein
said small distance is less than 10% of a length of the printed
circuit board.

55. The wireless device according to claim 54, wherein
said small distance is less than 5% of the length of'the printed
circuit board.

56. The wireless device according to claim 52, wherein an
orthogonal projection of the main body of the antenna on the
printed circuit board is entirely within a perimeter of said
printed circuit board.

57. The wireless device according to claim 52, wherein
said at least one component is at least one of a radio frequency
connector and an objective of a camera.

58. A method of arranging components in a wireless device
including at least one antenna, the antenna comprising:

a main body;

a strip extending from the main body for constituting a
contact element for connecting the main body to an
element of said wireless device;

wherein the strip and said main body are both formed out of
a same plate of electrically conductive material;

wherein the strip comprises a free end and an end con-
nected to the main body at a point of transition between
the main body and the strip;

wherein the antenna is configured so that when said plate is
made flat with said strip and said main body lying on a
same plane, then a first area being an area of a smallest
possible rectangle that encompasses a perimeter of the
main body and that of said strip and a second area being
an area of a smallest possible rectangle that encom-
passes the perimeter of the main body, are identical;
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wherein the antenna is configured so that when said plate is wherein the electrically conductive material of the main
made flat with said strip and said main body lying on a body extends continuously along said longitudinal
same plane, then said main body comprises, within said direction between said point of transition and said first
second area, a gap in the main body, said strip extending side, so that when the strip is folded about said point of
into said gap from an edge of said main body that delim- 5 transition, the free end is proximate to said first side;

its said gap;

. . N o wherein said wireless device comprises at least one com-
wherein a distance along a longitudinal direction of the P

strip and away from the gap between said point of tran- ponent; and

sition and a first side of a perimeter of the second area is wherein said at .least one component i.s arranged in corre-
smaller than a distance between said point of transition 19 spondence with said gap so that said at least one com-
and a midpoint between two opposite sides of the perim- ponent is accessible through said gap.

eter of the second area along said longitudinal direction,
so that the strip extends from said edge towards a more
central portion of the main body; L
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1
MULTIBAND ANTENNA

BACKGROUND

1. Technical Field

Embodiments of the present disclosure relate to antennas,
and more particularly to a multiband antenna.

2. Description of Related Art

Different wireless communication technologies may
require different antennas in order to deliver service to wire-
less customers. For example, global system for mobile com-
munications (GSM), distributed control system (DCS), per-
sonal communication service (PCS), global positioning
system (GPS), BLUETOOTH, and WiFi technologies typi-
cally operate on different frequencies, and may require dif-
ferent antennas.

Thus, there is room for improvement in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plan view of a multiband antenna in accordance
with one embodiment of the present disclosure;

FIG. 2 shows exemplary dimensions of the multiband
antenna of FIG. 1;

FIG. 3 is an exemplary graph showing a return loss of the
multiband antenna of FIG. 1.

DETAILED DESCRIPTION

FIG. 1 is a plan view of a multiband antenna 20 in accor-
dance with one embodiment of the present disclosure. The
multiband antenna 20 is located on a substrate 10, and
includes a first radiator 24, a second radiator 26, a feeding
portion 22,a grounding portion 29, and a third radiator 28.
The third radiator 28 is separated from the first radiator 24 and
the second radiator 26. The second radiator 26 is arranged so
as to surround the first radiator 24.

Here, the first radiator 24 is used for transmitting electro-
magnetic signals in at least two frequency bands, for example
GPS and DCS signals bands. The first radiator 24 includes a
first transmitting portion 240, a second transmitting portion
242, and a third transmitting portion 244. The first transmit-
ting portion 240 is perpendicularly and electrically connected
to one end of the second transmitting portion 242, and the
other end of the second transmitting portion 242 is perpen-
dicularly and electrically connected to the third transmitting
portion 244. One end of the first transmitting portion 240 is
electrically connected to the feeding portion 22, and the sec-
ond radiator 26. The other end of the first transmitting portion
240 is electrically connected to the second transmitting por-
tion 242. One end of the third transmitting portion 244 is
electrically connected to the second transmitting portion 242,
and the other end of the third transmitting portion 244 is free.
Any adjacent two of first transmitting portions 240, second
transmitting portions 242, and third transmitting portions 244
form an “L.” shape.

Here, the second radiator 26 surrounds the first radiator 24
for transmitting electromagnetic signals in another frequency
band, for example the GSM signal band. The second radiator
26 includes a fourth transmitting portion 260, a fifth trans-
mitting portion 262, a sixth transmitting portion 264, and a
seventh transmitting portion 266 perpendicularly and electri-
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cally connected. One end of the fourth transmitting portion
260 is electrically connected to the feeding portion 22, and the
other end of the fourth transmitting portion 260 is perpen-
dicularly electrically connected to the fifth radiator 262. One
end of the seventh transmitting portion 266 is connected to the
sixth transmitting portion 264, and the other end of the sev-
enth transmitting portion 266 is free. Any adjacent two of the
fourth transmitting portion 260, the fifth transmitting portion
262, the sixth transmitting portion 264, and the seventh trans-
mitting portion 266 form a “L” shape. In detail, the forth
transmitting portion 260 and the fifth transmitting portion 262
form a “L” shape, the fifth transmitting portion 262 and the
sixth transmitting portion 264 form a “L.” shape, and the sixth
transmitting portion 264 and the seventh transmitting portion
266 form a “L” shape.

Here, the third radiator 28 includes a eighth transmitting
portion 280 and a ninth transmitting portion 282 forming a
inverted “L” shape. The third radiator 28 couples to the first
radiator 24 and the second radiator 26, and transmits a part of
the electromagnetic signals to the first radiator 24 and the
second radiator 26. Additionally, the third radiator 28 couples
the first radiator 24 and the second radiator 26 to the ground-
ing portion 29. One end of the eighth transmitting portion 280
is perpendicularly electrically connected to the grounding
portion 29, and the other end of the eighth transmitting por-
tion 280 is free.

Here, the feeding portion 22 forms a “L” shape. The feed-
ing portion 22 is configured for feeding the electromagnetic
signals to the first radiator and the second radiator. The feed-
ing portion 22 may feed electromagnetic signals in a plurality
of frequency bands. One end of the feeding portion 22 is
electrically connected to the first transmitting portion 240 of
the first radiator 24 and the fourth transmitting portion 260 of
the second radiator 26, and the other end of the feeding
portion 22 is connected to a radio frequency circuit (unla-
beled) of an electrical device employing the multiband
antenna 20 via a feed point 220. In one example, the feed point
220 is a line having a 50 ohm resistance.

The third transmitting portion 244, the fourth transmitting
portion 260, the sixth transmitting portion 264, and the ninth
transmitting portion 282 are substantially parallel to one
another in a horizontal direction. The first transmitting por-
tion 240, the fifth transmitting portion 262, the seventh trans-
mitting portion 266, and the eighth transmitting portion 280
are substantially parallel to one another in a vertical direction.
Thus, the transmitting portions 244, 260, 264, 282 are sub-
stantially perpendicular to the transmitting portions 240, 262,
266, 280. There are gaps between the feeding portion 22 and
the seventh transmitting portion 266, between the sixth trans-
mitting portion 264 and the third transmitting portion 244,
between the third transmitting portion 244 and the fifth trans-
mitting portion 262, between the fourth transmitting portion
260 and the ninth transmitting portion 282, and between the
ninth transmitting portion 282 and the grounding portion 29.

Here, the first radiator 24 is used for transmitting global
positioning system (GPS) signals, distributed control system
(DCS) signals and personal communication system (PCS)
signals. The second radiator 26 is used for transmitting global
system for mobile communication (GSM) signals. The third
radiator 28 is used for transmitting wireless Internet signals,
such as WiFi signals, and BLUETOOTH signals.
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FIG. 2 shows exemplary dimensions of the multiband
antenna 20 of FIG. 1. In the illustrated embodiment, the
multiband antenna 20 is rectangular and has a length of about
30 mm, with a width (excluding the grounding portion 29) of
about 7.5 mm+4.5 mm+1 mm=13 mm. It may be understood
that the dimensions of the disclosed multiband antenna are
exemplary and may vary depending on the embodiment.

A distance between the feeding portion 22 and the ground-
ing portion 29 is about 1 mm. A length of the feeding portion
22 is about 4.5 mm-1 mm=3.5 mm, and a width thereof is
about 2.5 mm+1 mm=3.5 mm. A length of the first radiator 24
is about 23.5 mm, a width is about 2 mm+1 mm=3 mm. A
length of the first transmitting portion 240 is about 1 mm+2
mm+1 mm+1.5 mm=5.5 mm, a width thereof'is about 2 mm.
A length of the second transmitting portion 242 is about 1
mm, a width is about 1 mm. A length ofthe third transmitting
portion 244 is about 23.5 mm-2 mm-1 mm=20.5 mm, a
width is about 1 mm+2 mm=3 mm. A length of the second
radiator 26 is about 30 mm, a width is about 10 mm. A length
of the fourth transmitting portion 260 is about 23.5 mm+1
mm-2 mm=25.5 mm, a width is about 7.5 mm-3 mm-1
mm=3.5 mm. A length of the fifth transmitting portion 262 is
about 10 mm, a width is about 2 mm. A length of the sixth
transmitting portion 264 is about 23.5 mm+1 mm*2=25.5
mm. A length of the seventh transmitting portion 266 is about
7.5 mm, a width is about 2.5 mm. The third radiator 28 form
a inverted “L” shape, a length is about 19mm and a width is
about 4.5 mm-1.5 mm-1 mm=2 mm.

Here, all of the gaps between the feeding portion 22 and the
seventh transmitting portion 266, between the sixth transmit-
ting portion 264 and the second transmitting 244, between the
second transmitting portion 244 and the fifth transmitting
portion 262, between the fourth transmitting portion 260 and
the ninth transmitting portion 282, and the ninth transmitting
portion 282 and the grounding portion 29 are about 1 mm.

FIG. 3 is an exemplary graph showing a return loss of the
multiband antenna 20 of FIG. 1. Here, a return loss of the
GSM signals radiated by the second radiator 26 ranges from
about -21.5 dB to about -5 dB. A return loss of the GPS
signals radiated by the first radiator 24 ranges from about -7.5
dB to about —6.5 dB. A return loss of the DCS signals radiated
by the first radiator 24 ranges from about -9.5 dB to about -9
dB, and a return loss of the PCS signals radiated by the first
radiator 24 ranges from about -9 dB to about -7 dB. Return
losses of the WiFi and Bluetooth signals radiated by the third
radiator 28 range from about —10 dB to about -5 dB. As
shown, the return losses of signals radiated by the multiband
antenna 20 are all less than -10 dB, which complies with
industry standards.

The description of the present disclosure has been pre-
sented for purposes of illustration and description, and is not
intended to be exhaustive or limited to the disclosure in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art.

What is claimed is:

1. A multiband antenna, comprising:

a first radiator configured for transmitting electromagnetic
signals in at least two frequency bands;

a second radiator connected to and arranged so as to sur-
round the first radiator, the second radiator configured
for transmitting electromagnetic signals in a frequency
band that is different from frequencies in the at least two
frequency bands;
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a feeding portion electrically connected to both the first
radiator and the second radiator, the feeding portion
configured for feeding the electromagnetic signals to the
first radiator and the second radiator;

a grounding portion; and

a third radiator located between the grounding portion and
the second radiator and electrically connected to the
grounding portion, the third radiator configured for cou-
pling to the first radiator and the second radiator, trans-
mitting a part of the electromagnetic signals to the first
radiator and the second radiator, and coupling the first
radiator and the second radiator to the grounding por-
tion.

2. The multiband antenna as recited in claim 1, wherein the
first radiator comprises a first transmitting portion, a second
transmitting portion, and a third transmitting portion perpen-
dicularly and electrically connected in sequence.

3. The multiband antenna as recited in claim 2, wherein one
end of the first transmitting portion is electrically connected
to the feeding portion and the second radiator, and the other
end of the first transmitting portion is electrically connected
to the second transmitting portion.

4. The multiband antenna as recited in claim 3,wherein one
end of the third transmitting portion is electrically connected
to the second transmitting portion, and the other end of the
third transmitting portion is free.

5. The multiband antenna as recited in claim 2, wherein the
second radiator comprises a fourth transmitting portion, a
fifth transmitting portion, a sixth transmitting portion, and a
seventh transmitting portion perpendicularly and electrically
connected.

6. The multiband antenna as recited in claim 5, wherein the
fourth transmitting portion is electrically connected between
the feeding portion and the fifth transmitting portion.

7. The multiband antenna as recited in claim 6, wherein one
end of the seventh radiating portion is electrically connected
to the sixth transmitting portion, and the other end of the
seventh transmitting portion is free.

8. The multiband antenna as recited in claim 5, wherein the
third radiator comprises:

an eighth transmitting portion electrically connected to the
grounding portion; and

a ninth transmitting portion, wherein one end of the ninth
transmitting portion is perpendicularly and electrically
connected to the eighth transmitting portion, and the
other end of the ninth transmitting portion is free.

9. The multiband antenna as recited in claim 8, wherein the
ninth transmitting portion, the fourth transmitting portion, the
third transmitting portion, and the sixth transmitting portion
are substantially parallel to one other in a horizontal direction.

10. The multiband antenna as recited in claim 9, wherein
the first transmitting portion, the fifth transmitting portion,
the seventh transmitting portion, and the eighth transmitting
portion are substantially parallel to one another in a vertical
direction.

11. A multiband antenna, comprising:

a grounding portion;

a feeding portion configured for feeding electromagnetic

signals in a plurality of frequency bands;

a first radiator with one end electrically connected to the
feeding portion and the other end free;

a second radiator with one end electrically connected to the
feeding portion and the other end facing the feeding
portion so as to surround the first radiator; and

a third radiator located between the second radiator and the
grounding portion and electrically connected to the
grounding portion, the third radiator configured for cou-
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pling to the first radiator and the second radiator, trans- 14. The multiband antenna as recited in claim 11, wherein
mitting a part of the electromagnetic signals to the first the first radiator comprises a first transmitting portion, a sec-
radiator and the second radiator, and coupling the first ond transmitting portion, and a third transmitting portion
radiator and the second radiator to the grounding por- perpendicularly and electrically connected in sequence.
tion. 5 15. The multiband antenna as recited in claim 14, wherein
12. The multiband antenna as recited in claim 11, wherein the second radiator comprises a fourth transmitting portion, a
the first radiator, the second radiator, and the third radiator are fifth transmitting portion, a sixth transmitting portion, and a
formed by one or more “L” shaped transmitting portions. seventh transmitting portion perpendicularly and electrically
13. The multiband antenna as recited in claim 11, wherein connected in sequence.

the other end of the second radiator and the feeding portion 10
define a gap therebetween. I T S
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(57) ABSTRACT

This radio device operating over a plurality of bands com-
prises a casing having a front cover and a back cover, an
antenna arrangement, a radio frequency circuit set and a
matching unit for connecting the antenna arrangement to the
radio frequency circuit set. The following measures are pro-
posed: —the antenna arrangement is formed by at least two
antenna parts, each of which being related to a set of
bands, —the antenna parts are placed close together, —the
arrangement comprises a part that is normal to the front cover
and another one that is near the back cover and feeding
points, —the matching unit comprises control switching
means for tuning the arrangement to each band. Thanks to
these measures, the coverage of the band is obtained with
satisfactory performance.
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1
RADIO DEVICE HAVING ANTENNA
ARRANGEMENT SUITED FOR OPERATING
OVER A PLURALITY OF BANDS

TECHNICAL FIELD

The present invention relates to a radio device operating
over a plurality of bands comprising a casing having a front
cover and a back cover, an antenna arrangement, a radio
frequency circuit set and a matching unit for connecting the
antenna arrangement to the radio frequency circuit set

BACKGROUND

Radio devices, such as mobile phone handsets, incorporate
an internal antenna. The antennas are small (relative to the
working wavelength). So, the matching for a large band
becomes difficult. Moreover, the radio devices must operate
over a plurality of bands, which lie between 820 MHz and
2200 MHz. Another requirement is that the radiated energy is
the lowest possible for the head of the user (SAR).

SUMMARY

It is an object of the invention to satisfy all these more or
less contradictory requirements.

The invention is based on the following patent documents:
The application WO 03/094290, which discloses notably
means for matching an antenna and U.S. Pat. No. 6,674,411,
which discloses a planar inverted F antenna (PIFA antenna).

The invention proposes a radio device ofthe type defined in
the opening paragraph, which provides good performances in
view to satistying the cited requirements.

The invention proposes also an antenna arrangement suited
for the above-mentioned radio device.

Such a radio device is characterized in that:

the antenna arrangement is formed by at least two antenna

parts, each of which being related to a set of bands,

the antenna parts are placed close together,

the arrangement comprises a part that is normal to the front

cover and another one that is near the back cover and
feeding points

the matching unit comprises control switching means for

tuning the arrangement to each band.

These and other aspects of the invention are apparent from
and will be elucidated, by way of non-limitative example,
with reference to the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 shows a radio device in accordance with the inven-
tion having an antenna arrangement comprising a high-fre-
quency part and a low-frequency part;

FIG. 2 is a Smith chart showing the reflection coefficient of
the low-frequency antenna part;

FIG. 3 is a Smith chart showing the reflection coefficient of
the high-frequency antenna part;

FIG. 4 is a graph representing the insulation between the
two antenna parts;

FIG. 5 shows a preferred embodiment of a radio device
having an antenna arrangement in accordance with the inven-
tion; and

FIG. 6 is a circuit diagram of a matching unit suitable for
the device of FIG. 5 in accordance with the invention.
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2

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

InFIG. 1is represented a radio device 1 in accordance with
the invention. This device comprises, inside a casing not
shown in the Figure, a PCB plate 12 on which many circuits
are placed, among them, a matching circuit unit 14 for match-
ing the RF circuit (not shown) to an antenna arrangement 15.

According to an aspect of the present invention, the
antenna arrangement comprises a high-frequency part 17
related to the higher frequency bands and a low frequency part
20 related to the lower frequency bands. Each antenna part
comprises normal sub-parts 21 and 22 (respectively for the
parts 17 and 20), which are substantially normal to the front
cover (i.e. the PCB 12) and back cover sub-parts 27 and 26
(respectively for the parts 17 and 20), which are parallel to the
front cover. The bands concerned are in the 820 MHz-2200
MHz range. The antenna arrangement shown is contained
within dimensions 40x20x8 mm (approximately the same
volume as a conventional dual/tri-band antenna). The PCB
measures 100x40x1 mm and is modeled as a copper sheet.
The antenna arrangement is designed to retain predominantly
series resonant characteristics: this allows the antennas to be
tuned using only series components, minimizing losses.

The reflection coefficients of the low and high-frequency
antennas (S, and S,, respectively) are shown in FIG. 2 and
FIG. 3.

The insulation between the two antennas (S,, ) is shown in
FIG. 4. It must be noted that an insulation of better than 20 dB
is maintained between the two antenna parts 17 and 20 within
the bands of interest, despite their close proximity.

In a preferred embodiment, slots 30 and 31 are provided.
They are located in the plane of the antenna that is normal to
the front and back covers of the phone, as illustrated in FIG.
5. The advantage of placing the slots in this position is that the
user is unlikely to place his/her hand over the slot, thus chang-
ing its electrical performance. Discrete components or induc-
tors/capacitors disposed on the antenna substrate may also be
used in place of the slots in these positions. To reduce the
losses in the switches and tuning components, contained in
the matching unit 14 as will be disclosed later, the antennas
are first tuned approximately to the center frequency of the
group of bands that they cover. This can be achieved using
either the slots 30 and 31 in the antenna or discrete circuit
elements disposed on the antenna. The slots (or discrete com-
ponents) act as a series inductance in the operation band of the
antennas in which they are formed, reducing the antenna size
in a manner that conserves bandwidth. The slots may also be
configured such that they act as a series connected band-stop
filter in the operation band of the other antenna, which
increases the insulation between the antennas.

The antenna arrangement of the FIG. 5 comprises several
points: A is the supply point for the part antenna 17 and D for
the part antenna 20. The points B and C are shorting contacts
for shorting pins 40 and 41 of the antenna part 21 and 22
respectively. These shorting connections have the effect of
adding shunt inductance across the input terminals of the
antenna. This inductance can be tuned out using some shunt
capacitance: this gives a band-pass filtering effect and also
increases the band-edge resistance of the antennas (by limited
“double-tuning”). This can be done while maintaining a pre-
dominantly series resonant antenna characteristic. In turn,
this minimizes losses in the matching unit, since only series
tuning components are required.

Both the slots and the feed and shorting pins in combina-
tion with shunt capacitors may act as bandpass filters, increas-
ing the insulation between the two antennas. Both the slots
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and shorting pins in combination with shunt capacitors may
also reduce the worst-case reflection coefficient of the anten-
nas, minimizing the losses in the subsequent matching circuit.

The feed and shorting pin widths are chosen such that the
antenna resistance is nominally lower than the system imped-
ance. This minimizes the reflection coefficient over the wide
bandwidth that must be covered by each antenna. It also
makes an allowance for user interaction, which tends to
increase the antenna resistance (while decreasing its quality
factor).

Note that the antenna resistance is greater than approxi-
mately 20 ohms over each band. Without any further means,
the worst-case resistance presented by the antennas to the
front-end circuitry would be less than 5 ohms. Since conven-
tional switches have typical “on” resistances of a few ohms,
this would result in significant losses: MEMS switches would
be required to alleviate this. With the slots, shorting pins and
double-tuning capacitors, the worst-case resistance is
approximately 25 ohms. Here, conventional switches can be
used with acceptable losses.

The matching unit shown in FIG. 6 is suitable for operation
according to the bands as illustrated in the following table 1.

TABLE I

Frequency
Band Port System TX/RX Bands (MHz)
B1 GSM EU RX 925-960
B2 GSM US X 824-829
B3 GSM EU X 880-915
B4 GSM US RX 869-894
B3 WCDMA US RX 869-894
B6 WCDMA US X 824-849
B7 GSM EU RX 1805-1880
B8 GSM EU X 1710-1785
B9 GSM US X 1850-1910
B10 GSM US RX 1930-1990
B11 WCDMA US RX 1930-1990
BI12 WCDMA US X 1850-1910
B13 WCDMA EU RX 2110-2170
B14 WCDMA EU X 1920-1980

In FIG. 6 ports are referenced in accordance with Table I.
The ports B1-B6 are linked to the antenna part 17-A and the
ports B7-B14 to the antenna part 20-D. The filters F1-F8
shown in this Figure are tuned to the middle frequency of the
band under consideration. Phase shifters are often associated
with these filters in view of improving the matching. The
phase shifters PS1-PS6 are associated with the filters F2, F3,
F5, F6 F7 and F8, respectively. This matching unit 14 is
formed by seven branches BR1-BR7. The port B1 is con-
nected to the branch BR1, the ports B2 and B3 to the branch
BR2, the ports B4, B5 and B6 to the branch BR3, the port B7
to the branch BR4, the ports B8 and B9 to the branch BR5, the
ports B10, B11 and B12 to the branch BR6 and the ports B13
and B14 to the branch BR7. For matching the antenna
arrangement to the various bands, several control means are
provided. These control means are constituted by switches.
The switches SW1, SW2, . . . SW7 are connected to the
outputs of the branches BR1, BR2, . . . BR7. The switches
SW10 and SW11 inserted respectively in the branches BR2
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and BRS are controlled in dependence on the band B2 or B3
for the former and B8 or B9 for the latter band port. The
switches SW21 and SW22 are switched in accordance with
band ports B4 and B5 for the former and B10 and B11 for the
latter band ports. Some capacitors C1-C7 improve the match-
ing in combination with inductors [.1-1.6. Two extra capaci-
tors CM1 and CM2, which are placed near the antenna parts
17-A and 20-D, are provided for perfecting the matching. It
must be noted that for each port, only two switches are used
for the connection to the antenna arrangement so that the
losses and the parasitic effects of these switches are mini-
mized.

The invention claimed is:

1. A radio device operating over a plurality of bands, the
radio device comprising:

a casing having a front cover and a back cover,

an antenna arrangement,

a radio frequency circuit set, and

a matching unit for connecting the antenna arrangement to

the radio frequency circuit,

wherein the antenna arrangement is formed by at least two

antenna parts, each one being related to a set of bands,
wherein the antenna parts are placed close together,
wherein the antenna arrangement comprises a part that is
normal to the front cover and another part that is near the
back cover and a feeding point,
wherein slots are provided in the part that is normal to the
front cover to tune antenna resonant frequencies and to
provide isolation between the parts, and

wherein the matching unit comprises a control switch for

tuning the arrangement to each band.

2. The radio device as claimed in claim 1 further compris-
ing discrete circuit elements in the part that is normal to the
front cover to tune the antenna resonant frequencies and to
provide isolation between the parts.

3. The radio device as claimed in claim 2, wherein the
discrete circuit elements comprise an inductor.

4. The radio device as claimed in claim 2, wherein the
discrete circuit elements comprise a capacitor.

5. The radio device as claimed in claim 1, wherein the slots
act as a series inductance in an operation band of the antennas.

6. An antenna arrangement comprising a plurality of
antenna parts, each antenna part having a first part that is
normal to a second part, the first part comprising a feed point
and a shorting pin and the second part comprising a radiating
element, wherein the first part of each antenna part comprises
slots to tune antenna resonant frequencies and to provide
isolation between the parts.

7. The antenna arrangement as claimed in claim 6 wherein
the first part of each antenna part comprises discrete circuit
elements to tune the antenna resonant frequencies and to
provide isolation between the parts.

8. The antenna arrangement as claimed in claim 7, wherein
the discrete circuit elements comprise an inductor.

9. The antenna arrangement as claimed in claim 7, wherein
the discrete circuit elements comprise a capacitor.
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57 ABSTRACT

A patch antenna has a ground plane and a planar antenna plate
that are parallel to and spaced from each other. A pair of
planar feed plates have feed edges electrically contacting a
surface of the antenna plate to couple electromagnetic energy
into and/or out of the antenna plate.
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1
WIDEBAND PATCH ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to antennas, and in particular to patch
antennas.

2. Background Information

Patch antennas are very popular because they are simple
and cheap to fabricate, easy to modify and customize for a
variety of applications, and are light weight and have a low
profile so are easily concealed on or within a device. A simple
patch antenna comprises a planar metal antenna plate (patch)
suspended above a larger ground plane. Typically the patch is
a half-wavelength long. The antenna signal is carried on a
feed wire attached to the patch along one edge. A simple patch
antenna of this type can be fabricated on a dielectric substrate
employing similar lithographic printing techniques as those
used to fabricate printed circuit boards. Despite their numer-
ous benefits and wide use, patch antennas have a number of
drawbacks including narrow bandwidth, low efficiency and
low power handling capability.

The huge growth of wireless communications has neces-
sitated the development of bandwidth boosting techniques
over recent years. With the widespread exploitation of thick
substrate, various bandwidth enhancement techniques, such
as U-slotted patch

[Lee, K. F., Luk, K. M., Tong, K. F, Shum, S., Huyunh, M.
T., and Lee, R. Q.: ‘Experimental and simulation studies of
coaxially fed U-slot rectangular patch antenna’. IEE Proc.,
Microw. Antennas Propag., 1997, 144, (5), pp. 354-358],
capacitive feed [Vandenbosch, G. A. E., and Capelle, A.R. V:
‘Study of the capacitively fed microstrip antenna element’,
IEEE Trans. Antennas Propag., 1994, AP-42, (12), pp. 1648-
1652], and L.-shaped probe feed [Mak, C. L., Luk, K. M., Lee,
K. F., and Chow, Y. L.: ‘Experimental study of a microstrip
patch antenna with an L-shaped probe’, IEEE Trans. Anten-
nas Propag., 2000, AP-48, (5), pp. 777-783], have been pro-
posed which achieve substantial increases in impedance
bandwidths of more than 30%, but suffer from various prob-
lems including high-cross polarization, inconsistent gain and
unstable radiation patterns. A differential feed L-probe patch
antenna has been proposed [Ref: X.Y. Zhang, Q. Xue, B. J.
Hu, and S. L. Xie, “A4 wideband antenna with dual printed
L-probes for cross-polarization suppression,” IEEE Anten-
nas and Wireless Propagation Letters, vol. 5, pp. 388-390,
February 2006] that can achieve 45% bandwidth impedance
and low cross polarization. The impedance bandwidth of the
differential feed L-probe patch antenna is wide enough to
serve various wireless communications systems. However,
there exists a need for a wider impedance bandwidth.

Accordingly, it is an object of the present invention to
provide a patch antenna which overcomes or at least amelio-
rates at least one or more of the problems with known patch
antennas. It is a further object of the present invention to
provide a patch antenna which is suitable, or at least more
suitable than known patch antennas, for use in a various
wireless communications device and differential-fed anten-
nas.

SUMMARY OF THE INVENTION

There is disclosed herein a differential-fed patch antenna
having a folded pair of plates as the differential feed to the
antenna plate.

A patch antenna has a ground plane and a planar antenna
plate positioned in parallel at a distance from each other. A
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wideband impedance matching means connected with the
antenna plate for coupling electromagnetic energy into and/or
out of the antenna plate comprises one or more planer feed
plates having a feed edge and located perpendicular to the
antenna plate with the feed edge electrically contacting a
surface of the antenna plate along a non-resonant direction of
the antenna plate. The feed plates can be L-shaped with a first
part perpendicular to the antenna plate and having the edge
electrically contacting the surface of the antenna plate, and a
second part parallel to the antenna plate. Ideally there is a pair
planer feed plates each having a feed edge and located per-
pendicular to the antenna plate with the feed edge electrically
contacting the surface of the antenna plate.

Further aspects of the invention will become apparent from
the following description and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary form of the present invention will now be
described by way of example only and with reference to the
accompanying drawings, in which:

FIG. 1 is a perspective schematic illustration of a differen-
tial-fed patch antenna according to the invention,

FIG. 2 is a schematic end illustration of the patch antenna,

FIG. 3 is a schematic top illustration of the patch antenna,

FIG. 4 is a schematic side illustration of the patch antenna,

FIG. 5 is a schematic illustration of feed plates of the patch
antenna,

FIG. 6 shows dimensional characteristics for the antenna
illustrated in FIGS. 2, 3 and 4, respectively, designed for a
center frequency of 2.17 GHz,

FIG. 7 is a graph of standing wave ratio and gain versus
frequency for the test antenna,

FIG. 8 is plots of measured E plane co-polarization radia-
tion pattern of the test antenna at 1.37, 1.78, 2.37 and 2.97
GHz frequencies,

FIG. 9 is plots of measured E plane cross-polarization
radiation pattern of the test antenna at 1.37, 1.78, 2.37 and
2.97 GHz frequencies,

FIG. 10 is plots of measured H plane co-polarization radia-
tion pattern of the test antenna at 1.37, 1.78, 2.37 and 2.97
GHz frequencies,

FIG. 11 is plots of measured H plane cross-polarization
radiation pattern of the test antenna at 1.37, 1.78, 2.37 and
2.97 GHz frequencies,

FIG. 12 is a perspective schematic illustration of a single
feed patch antenna according to the invention,

FIG. 13 is a perspective schematic illustration of a trun-
cated corner patch antenna according to the invention, and

FIG. 14 is a perspective schematic illustration of a stacked
truncated corner patch antenna according to the invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

The invention will now be illustrated as practiced in a
broadband differential-fed patch antenna. The patch antenna
has a pair of folded feed plates for feeding the differential
signal to the antenna plate. The feeding plates act as a wide-
band impedance matching device for the antenna plate,
resulting in an antenna with a wide impedance bandwidth.
The differential feeding arrangement suppresses any
unwanted radiation from the feeding plates, but is essential to
the invention and in one embodiment of the invention is a
single feed antenna. This makes for the low cross-polarization
levels within the operating band. The vertical feeding plate
pair, together with the differential feeding arrangement gives
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the antenna a stable and symmetrical radiation pattern within
the operating bandwidth resulting in stable antenna gain over
the operating bandwidth. Test results show that the antenna
can achieve an impedance bandwidth of up to 74% at a
standing wave ratio (SWR) of less than 2, together with a
symmetric radiation pattern, low-cross polarization level and
stable radiation pattern in its design band.

Referring to FIGS. 1-5 there is shown an embodiment of a
patch antenna according to the invention comprising a planar
antenna plate 100 suspended above a larger ground plane 105.
The antenna plate 100 is typically rectangular in shape, hav-
ing a lengthwise, i.e., non-resonant, direction between its two
ends 110, 115. The dimension of the antenna plate 100,
lengthwise, i.e., between the ends 110, 115, is greater than its
widthwise dimension between its two sides 120, 125. The
theoretical widthwise dimension between sides 120, 125 of
the antenna plate 100 is approximately half its intended
design center wavelength (Ao). The physical width of the
antenna plate 100 is in fact slightly shorter than this theoreti-
cal length due to fringing fields and can be approximated to
0.43 times the design center wavelength Ao. The antenna plate
100 is suspended above the ground plane 105 by spacers (not
shown). The dielectric material between the antenna plate
100 and ground plane 105 is air. The ground plane 105 is
larger than the antenna plate 100, but in practice may be only
slightly larger and is typically square. The center of the
antenna plate 100 is aligned with the center of the ground
plane 105 resulting in a symmetrical configuration with ref-
erence to both the x and y-axes.

Attached to the face 101 of the antenna plate 100 that is
facing the ground plane 105 is a pair of L-shaped feed plates
130, 135. The feed plates 130, 135 have spaced apart feed
edges 140, 145 that are electrically connected to the antenna
plate 100, by soldering or like method, to couple electromag-
netic energy into and/or out of the antenna plate 100. The feed
plates 130, 135 are attached to the antenna plate symmetri-
cally about a center-line along the lengthwise, i.e., non-reso-
nant, direction of the plate from first end 110 to second end
115. The L-shaped feed plates 130, 135 each have a first
vertical part 150, 155 extending downwardly perpendicular
to the antenna plate 100 and a second horizontal part 160, 165
extending perpendicular to vertical parts 150, 155, and thus
parallel to the plane of the antenna plate 100. In the illustrated
embodiment horizontal parts 160, 165 of the L-shaped feed
plates extend towards each other, however this is not essential
to the invention and the horizontal parts 160, 165 may extend
in the opposite direct with the same results. There is a gap
between the two horizontal parts 160, 165 of the feed plates.
A pair of signal feed probes 170, 175 are located centrally on
respective ones of the horizontal parts 160, 165 of the feed
plates and extend downwardly through openings 180, 185 in
the ground plane 105. For an antenna integral with a portable
device the feed probes may be a conductor of feed-lines (not
shown) connecting the antenna with a radio transmitter and/or
receiver circuit (not shown). If the antenna is an external
antenna the feed probes 170, 175 may comprise a pair of
coaxial connectors to provide a connection point for an RF
cable. The entire antenna arrangement can be contained
within a plastic radome (not shown) to protect the structure
from damage and provide an aesthetic antenna package.

The size of the antenna plate 105 and other dimensions of
the patch antenna are established around a design frequency.
FIG. 6 illustrates the dimensional characteristics of a test
antenna designed for a center frequency (fo) of 2.17 GHz
(center wavelength (ho) of 138.25 mm). The dimensions are:
Pl=length of antenna plate=68 mm (0.491.0)

Pw=width of antenna plate=60 mm (0.43%.0)
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Gl=length of ground plane=250 mm (1.8A\0)
Gw=width of ground plane=250 mm (1.8%.0)
hp=distance between antenna plate and ground plane=16 mm
(0.1%0)
L=length of feeding edge of the feed plates=43 mm (0.31).0)
Hv=width of vertical part of feed plate=13.5 mm (0.09810)
Hh=width of horizontal part of feed plate=7.5 mm (0.054A.0)
s=separation between the feeding edges of feed plates=26

mm (0.18870)
g=separation between the horizontal parts of feed plate=s—

(2xWH)=
t=separation between the horizontal parts of feed plate and

ground plane=2.5 mm (0.018%0)
d=separation between the SMA coaxial connectors=20 mm

(0.14 ho)

The feed probes are connected to a pair of 50-ohm submin-
iature A (SMA) coaxial connecters. The test antenna was feed
with a differential signal from a wideband 180-degree power
divider that transforms a single-ended signal into a pair of
differential (out-of-phase) signals. The output of the diverter
was connected to SMA coaxial connecters by coaxial cables.
A HP8510C network analyzer and a compact antenna test
range with an HP85103C antenna measurement system were
used to measure the standing-wave ratio (SWR), radiation
pattern and gain of the test antenna. The results are shown in
FIGS. 7-11. FIG. 7 shows that the test antenna has an oper-
ating band of 1.37 GHz to 2.97 GHz with a measured imped-
ance bandwidth of 74% at a SWR of less than 2. The gain of
the antenna is stable at about 8.5 dBi over the operating band.
FIGS. 8 through 11 illustrates measured radiation patterns of
the antenna at 1.37, 1.97 2.37 and 2.97 GHz. It can be seen
that the measured cross-polarization levels are around 20 dB
lower than the co-polarization levels. Cross-polarization in
both E-plane and H-plane cannot be observed, as it is vanish-
ingly small across the operating band under ideal conditions.
In addition, taking advantage of the structure symmetry, the
co-polarization radiation patterns in both E-plane and
H-plane are symmetric with respect to the broadside direction
within the band. Moreover, the back lobe radiation levels are
less than —15 dB. This kind of antennas can serve as base
station antenna for many wireless communication systems,
for example, GSM, CDMA, PCS, WCDMA, WLAN, and
GPS.

Itshould be appreciated that modifications and alternations
obvious to those skilled in the art are not to be considered as
beyond the scope of the present invention. For example, the
feed plates 130, 135 are L-shaped each having a first vertical
part 150, 155 and a second horizontal part 160, 165. The
horizontal part 160, 165 is however not critical to the inven-
tion and in an alternative embodiment the feed plates may
comprise just the first vertical parts 150, 155 with the feed
wires connected directly to a lower edge of the vertical parts
150, 155. Also, for a single feed antenna there may be only
one feed plate as illustrated in FIG. 12. The single feed
antenna is similar to the differential feed antenna of FIGS. 1
through 6, but only has a single L.-shaped feed pate 130 along
a center-line of the plate in the lengthwise direction from first
end 110 to second end 115.

The invention can also be implemented in a Circularly-
Polarized Patch Antenna by cutting two corners off the
antenna plate to make a truncated patch as shown in FIG. 13.
The configuration is the same as the differential feed antenna
of FIGS. 1 through 6, but the patch 160 has truncated corners
165 and 170. This type of antenna is widely used in GPS
applications. The invention can also be practiced in a stacked
patch antenna as illustrated in FIG. 14 in which a second
antenna plate 175 is stacked on the first antenna plate. The
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illustrated stacked antenna is a truncated patch type, but may
be a regular square type as illustrated in FIGS. 1 through 6.

What is claimed is:

1. A patch antenna comprising:

a planar antenna plate having a resonant direction and a
non-resonant direction transverse to the resonant direc-
tion,

a ground plane opposite and electrically isolated and sepa-
rated from the planar antenna plate by air, and

a wideband impedance matching structure disposed
between the planar antenna plate and the ground plane,
connected to the antenna plate, and coupling electro-
magnetic energy into and out of the antenna plate,
wherein the wideband impedance matching structure
comprises
apair of feed plates, the feed plates being symmetrically

positioned with respect to a centerline of the antenna
plate, each feed plate being perpendicular to the
antenna plate and having a respective feed edge elec-
trically contacting the antenna plate, and extending
along the non-resonant direction of the antenna plate.

2. The patch antenna of claim 1 wherein

the feed plates are L.-shaped and each feed plate comprises
a first part that is perpendicular to the antenna plate and
includes the feed edge, and a second part that is parallel
to the antenna plate, and

the feed plates are located in a complementary arrange-
ment, with the second parts of the feed plates extending
towards each other.

3. A patch antenna comprising:

a ground plane,

a planar antenna plate having a width, a length extending
along a non-resonant direction of the antenna plate, and
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a surface, the antenna plate being positioned at a dis-
tance from the ground plane, with the surface facing the
ground plane, wherein the planar antenna plate is elec-
trically isolated and separated from the ground plane by
air, and

a pair of feed plates, each feed plate having a width, a
length, and a feed edge along the length, the feed plates
being perpendicular to the antenna plate and symmetri-
cally located with respect to a centerline of the antenna
plate, the centerline being substantially parallel to the
non-resonant direction, with the feed edges electrically
contacting the surface of the antenna plate and extending
along the non-resonant direction.

4. The antenna of claim 3 designed to operate at a center

wavelength Ao, wherein

the length of the antenna plate is 0.49).0,

the width of the antenna plate is 0.43)0,

the distance between the antenna plate and the ground
plane is 0.11A0,

the length of each of the feed plates is 0.31%0,

the width of the feed plate is 0.098}.0, and

separation between the feed edges of feed plates is
0.188)10.

5. The patch antenna of claim 3 wherein

the feed plates are [.-shaped and each feed plate comprises
a first part that is perpendicular to the antenna plate and
includes the feed edge, and a second part that is parallel
to the antenna plate, and

the feed plates are located in a complementary arrange-
ment with the second parts of the feed plates extending
towards each other.






