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(57) ABSTRACT

The present invention relates to a multiband planar antenna
consisting of at least one resonator formed of an element
having a closed shape made on a substrate and dimensioned
s0 as to operate in its fundamental mode at the resonant
frequency of the lowest band. The resonator is fed by a feed
line in such a way as to operate in all the higher modes. The
resonator comprises means for modifying the resonant fre-
quencies of the various modes in such a way as to cover the
bands concerned.
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FIG. 4

Resonant frequency as a function of surface area of the
perturbation (configuration with 2 perturbations)
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FIG. 6

Resonant frequency as a function of surface area of the
perturbation (configuration with 4 perturbations)
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1
MULTIBAND PLANAR ANTENNA

This application claims the benefit, under 35 U.S.C. § 119
of French Patent Application 0450400, filed Mar. 1, 2004.
The present invention relates to a multiband planar
antenna, and more particularly to a multiband planar antenna

suited to wireless networks operating with distinct frequency
bands.

BACKGROUND OF THE INVENTION

Within the framework of the deployment of wireless
networks, the design of antennas is confronted with a
particular problem due to the way in which the various
frequencies are allocated to these networks. Thus, in the case
of domestic wireless networks according to the
IEEE802.11b and IEEE802.11a standards, a frequency band
at 2.4 GHz and two disjoint frequency bands around 5 GHz
have been allocated for the deployment of wireless networks
according to these standards. In this case, the spectrum to be
covered is therefore composed of three disjoint sub-bands.
The same phenomenon is encountered in respect of antennas
that have to operate on two disjoint frequency bands such as
GSM, GPRS, UMTS antennas, etc.

Moreover, several standards currently exist for wireless
networks and the products currently used in these networks
follow one or other of these standards. Therefore, it is
necessary to have antennas able to operate on disjoint
frequency bands.

To remedy this type of problem, the most obvious solution
consists in using a wideband antenna which at one and the
same time covers all the frequency bands required. It is
apparent however that the use of a wideband antenna is not
desirable for such coverage. Specifically, in this case, the
band covered is very large relative to the necessary band,
presenting various drawbacks. Thus, the use of a wideband
antenna may encourage the degradation of the performance
of the receiver on account of the presence of jammers
operating in the band covered by the antenna and, in
particular, the band not allocated in application thereof.
Moreover, it requires more severe filtering constraints at the
level of the transmitter in order to comply with the out-of-
band transmission power masks. This generally entails a
high cost in respect of the design of the antenna and of the
equipment that makes it operate.

Another solution consists in using an antenna operating
on a lower frequency band but capable of frequency agility
so as to switch over to one or other of the bands. In this case,
it is necessary to use one or more active elements to modify
the operating frequency of the resonant antenna. However,
such a structure is more complex and hence more expensive.
Moreover, antennas of this type do not make it possible to
cover distantly separated frequency bands.

SUMMARY OF THE PRESENT INVENTION

The present invention proposes a passive solution making
it possible to ensure multi-standard coverage while avoiding
the use of a wideband antenna.

The present invention relates to a multiband planar
antenna consisting of at least one resonator formed of an
element having a closed shape made on a substrate and
dimensioned so as to operate in its fundamental mode at the
resonant frequency of the lowest band, the resonator being
fed by a feed line in such a way as to operate in all the higher
modes. The resonator comprises, in accordance with the
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2

present invention, elements moditying the resonant frequen-
cies of the various modes in such a way as to cover the bands
chosen.

According to a preferred embodiment, the elements modi-
fying the resonant frequencies of the various modes consist
of projections positioned in short-circuit zones of the reso-
nator at the chosen operating mode. In this case, the modi-
fication of the resonant frequency of the chosen mode is
obtained by adjusting the surface area of the projections.

Preferably, the relation between the resonant frequency of
a mode and the surface area of the projections is of the type:

f~=a*S*+b* where i represents the mode, k represents the
projection to which the alteration is made, S* represents the
surface area of the associated projection and (a/%, b/ rep-
resent the coefficients of the curve obtained for each mode
and for each configuration.

Preferably, the projections are of polygonal or cylindrical
shape and are provided on the inner profile of the resonator,
on the outer profile of the resonator or on both sides.

Moreover, the resonator consists of a slot of closed shape
etched on a printed substrate, such as an annular slot or a slot
of polygonal shape.

According to another embodiment, the resonator consists
of a microstrip technology annulus made on a substrate.

According to another characteristic of the present inven-
tion, the feed line is made in microstrip technology or in
coplanar technology, the line terminating in a short-circuit
after the feed line/resonator transition.

Preferably, the short-circuit is provided at a distance
Am/16 from the transition with Am the guided wavelength in
the feed line.

According to yet another characteristic of the invention,
the feed line consists of a coaxial cable the central core of
which is connected to the interior of the resonator and the
earth of which is connected to the exterior of the resonator.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the present inven-
tion will become apparent on reading the description given
hereinbelow of various embodiments, this description being
given with reference to the appended drawings, in which:

FIG. 1 is a diagrammatic view of an antenna of annular
slot type fed by a microstrip line to which the present
invention may be applied,

FIG. 2 represents the matching curve as a function of
frequency for the antenna of FIG. 1,

FIG. 3 is a diagrammatic view representing the distribu-
tion of the fields in the antenna of FIG. 1 for the fundamental
mode, the first higher mode and the second higher mode,

FIG. 4 is a diagrammatic plan view from above of an
annular slot with two projections in accordance with the
present invention,

FIG. 5 represents a curve giving the resonant frequency of
the fundamental mode as a function of the surface area of the
projections in the case of a configuration according to FIG.
45

FIG. 6 diagrammatically represents an annular slot with
four projections in accordance with the present invention,

FIG. 7 represents a curve giving the resonant frequency as
a function of the surface area of the projections in the case
of the configuration according to FIG. 6,

FIG. 8 diagrammatically represents an annular slot with
six projections in accordance with the present invention,

FIG. 9 represents a curve giving the resonant frequency as
a function of the surface area of the projections in the case
of the configuration according to FIG. 8,
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FIG. 10 represents a diagrammatic plan view from above
of an annular slot with projections in accordance with the
present invention allowing operation in three frequency
bands,

FIG. 11 is a curve keeping the matching, namely the
coefficient S11 as a function of the frequency for the
structure represented in FIG. 10,

FIG. 12 represents curves giving a percentage of effec-
tiveness as a function of frequency for the antenna repre-
sented in FIG. 10,

FIG. 13 represents the radiation patterns of the antenna
according to FIG. 10, respectively at 2.6 GHz, 5.2 GHz and
5.9 GHz,

FIGS. 14a, 145 and 14¢ diagrammatically represent vari-
ous shapes for the projections,

FIGS. 15a, 1556 represent various positions for the pro-
jections, in accordance with the present invention,

FIG. 16 is a diagrammatic plan view from above of
another embodiment of the present invention,

FIG. 17 is a diagrammatic perspective view of another
embodiment of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention will be described while referring to
an antenna of the annular slot type making it possible to
ensure coverage of the standards at 2.4 GHz and at 5 GHz,
namely, to cover the frequency bands allocated for the
Hyperlan2 and IEEE802.11a standards. It is obvious to the
person skilled in the art that the present invention may be
applied to other types of standard and use an antenna made
in a technology other than slot technology such as microstrip
technology.

The structure and the manner of operation of a multiband
planar antenna consisting of an annular slot fed by a feed
line in microstrip technology, according to a line/slot tran-
sition, will firstly be described with reference to FIGS. 1 to
3.

As represented diagrammatically in FIG. 1, the antenna
consists of a slot 1 made by etching a metallized substrate on
its two faces. In the embodiment represented, the slot 1
forms a circle of mean radius R,,,,, and of width Ws. On the
substrate face opposite the face receiving the etching is
provided a feed line 2 consisting of a microstrip line. This
line feeds the slot 1 with energy by electromagnetic cou-
pling. The feed line extends beyond the line/slot transition
over a length Lm'. Lm' is chosen preferably such that
Lm'=hm/16 where Am is the wavelength under the micros-
trip line. Moreover, the end of the line 2 terminates in a via
forming a short-circuit.

In a known manner, the perimeter of the slot 1 is chosen
such that P=kis where As is the wavelength guided in the
slot and k a positive integer. In the case of a structure of this
type, the antenna resonates not only in its fundamental mode
but also in all the higher modes, as shown in the curve of
FIG. 2 which represents the matching S11 as a function of
frequency. This curve is the result of a simulation carried out
on an annular slot antenna exhibiting the following charac-
teristics: R,,,,, =15 mm, W =0.4 mm, W, =0.47 mm (width of
the feed line), L, =8.5 mm (length of the feed line), L, '=2
mm (distance between the transition and the via). The
substrate used to make the antenna of the annular slot type
is Rogers 4003 exhibiting a relative permittivity €,=3.38, a
loss tangent tand=0.0022 and a thickness h=0.81 mm.

In this case, operation at a frequency {,=2.8 GHz, {,=5.2
GHz 21, and £2=7.4 GHz=31, is obtained.
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Represented in FIG. 3 are the distributions of fields in the
slot of FIG. 1 for the frequencies {0 (fundamental mode), f;
(first higher mode) and f, (second higher mode).

When FIGS. 3q, 36 and 3¢, are examined, it is appreciated
that for the fundamental mode, two short-circuit zones and
two open-circuit zones are observed. For the first higher
mode, four short-circuit zones and four open-circuit zones
are observed and for the second higher mode, six short-
circuit zones and respectively six open-circuit zones are
observed.

The present invention therefore consists in modifying the
resonant frequency of each of the modes, independently of
the others, by adding projections into short-circuit zones of
the annular slot corresponding to the mode chosen. In this
way, it is possible to adjust, for each of the modes, the
resonant frequency so that it lies substantially at the resonant
frequency of the chosen standard with the provision that the
various frequency bands lie approximately at multiples of
the resonant frequency of the lowest standard The way in
which the resonant frequencies for the first three operating
modes of an annular slot change when projections are added
to the slot will now be described with reference to FIGS. 4
to 9.

Represented in FIG. 4 is an annular slot 10 fed by a feed
line 11 in microstrip technology, this annular slot type
antenna being of the same type as that of FIG. 1, in particular
as regards the feed. In the embodiment of FIG. 4, two
projections 12a, 125 have been positioned in a short-circuit
zone for the fundamental mode f0. Each projection is, in the
present case, constituted by a rectangle of dimension W, X
L,, and exhibits a surface area S0, the projection being made
by etching the printed substrate, on the internal profile of the
slot.

Represented in FIG. 5 is the way in which the resonant
frequency of the fundamental mode {0, of the first higher
mode fl and of the second higher mode {2, changes as a
function of the variations of the surface area of the projec-
tion S0, in the case of the configuration with two projections
of FIG. 4. The values have been obtained in the case of an
antenna consisting of an annular slot exhibiting a mean
radius R,,,, =15 mm, a width W =0.4 mm, this slot being fed
by a feed line 11 having a width W, =0.47 mm, a length
L,=8.5 mm and a length L.,,'=2 mm.

The curves represented in FIG. 5 are of the affine straight
line type satisfying the equation f=a/*S*+b* where i € to
(0;1;2) and represents the mode, k € to (0;1;2) and represents
the projection to which an alteration is made with Sk the
surface area of the associated projection and the pair (a,%, b/
represent the coefficients of the curve.

As represented in FIGS. 6 and 7, the same study has been
carried out in the case of an annular slot 10 fed by a
microstrip line 11 in an identical manner to what was
described in conjunction with FIG. 1, this slot being fur-
nished with four projections. 13a, 135, 13¢, 13d made on the
internal profile of the slot and positioned in a short-circuit
zone for the first higher mode f1, each projection having a
surface area S1 . In this case, the resonant frequency of the
various fundamental modes, fundamental mode f0, first
higher mode f1 and second higher mode f2 as a function of
the surface area of the projection S1, is given in FIG. 7.

In an identical manner, as represented in FIGS. 8 and 9,
a study has been carried out as regards an annular slot 10 fed
by a feed line in microstrip technology 11 and furnished in
this case with six projections 14a, 145, 14¢, 14d, 14e, 14f
made on the internal profile of the slot and positioned in the
short-circuit zones corresponding to the second higher mode
2.
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In this case, FIG. 9 represents the resonant frequency of
the various modes, fundamental mode 10, first higher mode
fl and second higher mode 2, as a function of the surface
area of the perturbation S2 corresponding to a configuration
with six projections.

The coefficients (a/%, b*) of the curves for each of the
modes and for each configuration are given in Table 1
below:

6

technology exhibiting a width W, =0.47 mm and dimensions
L,=8.5 mm and Lm' between the line/slot transition and the
via 24=).,,/16=2 mm.

As represented in FIG. 10, the slot 20 is furnished on its
internal profile with two projections 22a, 225 in the short-
circuit zones of the fundamental mode 10, these projections
22a and 22b being of rectangular shape and exhibiting a
length [, 0=6.5 mm and a width W,,0=3 mm. Moreover, four

TABLE 1
2 notches a b 4 notches a b 6 notches b
O -0.0190 2.5703 fo -0.0290 2.8867 fo -0.0369 2.8810
f1 0.0073 5.1094 f1 -0.1254 5.5138 f1 -0.1054 5.5905
2 -0.0558 7.2160 2 -0.1094 8.2171 2 -0.2609 8.0276

Based on the above elements, if the operating frequencies
are assumed to be known in the three modes, for example,
f0=2.4 GHz, f1=5.25 GHz and £2=5.8 GHz for operation in
the bands IEEE 802.11b at 2.4 GHz and IEEE 802.11a in the
5-6 GHz band, it is possible to group all the above coeffi-
cients together to obtain a linear system of three equations
in three unknowns, in which the unknowns are the projec-
tions S°, S! et S%.

Firstly, the following equality may be written for each
mode (i=0, 1 and 2):

ﬁ:ai0*50+bi0:ail *Sl+bl-l :ai2 *Sz+bl-2

By adding the same expression 3 times, the following
expression is obtained for each mode (i=0, 1 and 2)

3% (0,245,145 2)=a,0 %S +a 55 4 a 2 %S?

which can be easily manipulated into the matrix form:

F=A"S with
3*f0—(b8+b(l)+b% ag a(l) a% 50
F=|3xfi-+bl+02 |, A=|ad at &} [and 5s=|s!
3ufo— (B +bs+ b3 a3 a) a3 §?

The theory of algebra shows that this type of system has
a unique solution if and only if the number of equations is
equal to the number of unknowns (this being the case: there
are three equations in three unknowns) and if and only if the
determinant of the matrix A is non zero, this likewise being
the case with the values presented in Table 1.

As explained hereinabove, it is therefore possible to
adjust the resonant frequencies by combining the various
configurations of FIGS. 4, 6 and 8 to obtain the desired
resonant frequencies.

A particular embodiment of an antenna of the annular slot
type in accordance with the present invention, allowing
effective operation for the IEEE802.11a and IEEE802.11b
standards, will now be described with reference to FIGS. 10,
11, 12 and 13.

FIG. 10 therefore represents an annular slot 20 fed by a
feed line 21 of similar structure to that represented in FIG.
1. This annular slot has been obtained by etching a Rogers
4003 substrate of relative permittivity er=3.38, of loss
tangent tand=0.0022, of thickness h=0.81 mm. The etched
slot 20 exhibits a mean radius R,,,,=13 mm and a width
W.=0.4 mm. On the substrate surface opposite the surface
receiving the slot is made a feed line 21 in microstrip
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projections are made in short-circuit zones for the second
higher mode F2. These projections 23a, 235, 23¢ and 23d are
of rectangular shape and exhibit a length [,2=3.4 mm and
a width W, 2=1.6 mm.

This annular slot type antenna has been simulated using
the IE3D simulation software from Zeland. The simulations
gave as matching curve S11 in dB as a function of frequency,
that represented in FIG. 11. This matching curve shows the
existence of three matching peaks at the frequencies 2.4
GHz, 5.2 GHz and 5.8 GHz which are very close to the
resonant frequencies of the relevant standards.

The matching curve represented in FIG. 11 is corrobo-
rated by the curve of effectiveness of the structure repre-
sented in FIG. 12.

FIG. 12 gives two curves of effectiveness, namely the
effectiveness of the antenna and the effectiveness of the
radiation, these two curves exhibiting three peaks at the
frequencies of the three matching peaks.

Moreover, in FIGS. 134, 135 and 13c¢, are represented the
various radiation patterns of the structure of FIG. 10 at 2.6
GHz for FIG. 13a, 5.2 GHz for FIG. 135 and 5.9 GHz for
FIG. 13c¢. The difference in the shape of the patterns stems
from the difference of the excited modes, namely the fun-
damental mode, the first higher mode and the second higher
mode. However, the shape of the radiation remains quasi-
omnidirectional.

Represented in FIGS. 14a, 145 and 14¢, are various
shapes for the projections. FIGS. 14a, 145 and 14¢ corre-
spond to the cases of two projections which are rectangular
for FIG. 14a, semi-cylindrical for FIG. 145 and triangular
for FIG. 14¢. In the case of the present invention, the surface
area of the projection rather than its shape has importance
for the adjustment of the frequency.

Represented in FIGS. 154 and 155, are various possibili-
ties for the positioning of the projections with respect to the
profile of the annular slot. FIG. 15a represents two projec-
tions 30a, 305 placed on the outer profile of an annular slot
31 while FIG. 155 represents two projections 40a, 405 of
rectangular shape but positioned on both sides of the annular
slot 41.

Represented in FIG. 16 is another embodiment of an
antenna in accordance with the present invention. In this
case, the antenna comprises a first annular slot 50 furnished
with two projections 51a, 516 on the inner profile of the
annular slot in the short-circuit zones corresponding to its
fundamental mode. Moreover, a second annular slot 60
concentric with the first annular slot 50 is furnished with
four projections 61a, 615, 61c¢, 61d provided on the external
profile of the slot 60 in short-circuit zones corresponding to
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the second higher mode. In the embodiment of FIG. 16, the
projections 6la, 615, 61c, 61d are of semi-circular or
semi-cylindrical shape.

As in the other embodiments, the two annular slots 50 and
60 are fed by way of a feed line 70 made in this case by
microstrip technology. By making it this way it is possible
to widen the operating bands.

Represented in FIG. 17 is yet another embodiment of the
present invention. In this schematic perspective representa-
tion, the annular slot 80 is fed by a coaxial cable 90 whose
internal core 91 is connected to the substrate inside the
annular slot while the earth 92 of the coaxial cable is
connected to the external metallization of the annular slot
80.

It is obvious to the person skilled in the art that the
embodiments described hereinabove are given merely by
way of example and that other embodiments could be used
within the framework of the present invention. In particular,
it is possible to conceive of antenna structures of the annular
slot type where any number N of modes would be used as
well as structures allowing the coverage of any number M of
subbands.

Moreover, within the framework of the present invention,
the resonator used could be a resonator of microstrip annulus
type instead of an annular slot etched in a metallized
substrate.

What is claimed is:

1. A multiband planar antenna consisting of at least one
resonator formed of an element having a closed shape made
on a substrate and presenting a perimeter P=kAs where As is
the wavelength guided in the slot and k a positive integer, the
resonator operating in a fundamental mode at the resonant
frequency of the lowest band amongst the multiband, and
being fed by a feed line crossing the resonator with reso-
nator/feed line transition positioned to also operate in modes
higher than the fundamental mode, the resonator comprising
projections positioned in short-circuit zones depending on
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the various operating modes, said projections having a
surface area chosen to modify resonant frequencies of the
various operating modes to cover the bands chosen.

2. The antenna according to claim 1, wherein the relation
between the resonant frequency of an operating mode and
the surface area of the projections is of the type

f=a,*S*+b,* where i represents the mode, k represents the

projection to which the alteration is made, S represents
the surface area of the associated projection and (a/%,
b,") the coefficients of the curve obtained for each mode
and for each configuration.

3. The antenna according to claim 1, wherein the projec-
tions are of polygonal or cylindrical shape.

4. The antenna according to claim 1, wherein the projec-
tions are provided either on the inner profile of the resonator,
on the outer profile of the resonator or on both sides.

5. The antenna according to claim 1, wherein the reso-
nator consists of a slot of closed shape etched on a printed
substrate, said shape being one of an annular slot or a slot of
polygonal shape.

6. The antenna according to claim 1, wherein the reso-
nator consists of a microstrip technology annulus made on a
substrate.

7. The antenna according to claim 1, wherein the feed line
is made using one of a microstrip technology or coplanar
technology, the line terminating in a short-circuit after the
feed line/resonator transition.

8. The antenna according to claim 7, wherein the short-
circuit is provided at a distance Am/16 from the transition
with Am the guided wavelength in the feed line.

9. The antenna according to claim 1, wherein the feed line
consists of a coaxial cable, with a central core connected to
the interior of the resonator and a earth connected to the
exterior of the resonator.
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WAVE ANTENNA WIRELESS
COMMUNICATION DEVICE AND METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This application is a Continuation of application Ser. No.
10/012,206, filed Oct. 29, 2001, now U.S. Pat. No. 6,630,
910, issued Oct. 7, 2003.

FIELD OF THE INVENTION

The present invention relates to a wave antenna coupled
to a wireless communication device so that the wireless
communication device can wirelessly communicate infor-
mation.

BACKGROUND OF THE INVENTION

Wireless communication devices are commonly used
today to wirelessly communicate information about goods.
For example, transponders may be attached to goods during
their manufacture, transport and/or distribution to provide
information, such as the good’s identification number, expi-
ration date, date of manufacture or “born on” date, lot
number, and the like. The transponder allows this informa-
tion to be obtained unobtrusively using wireless communi-
cation without slowing down the manufacturing, transpor-
tation, and/or distribution process.

Some goods involve environmental factors that are criti-
cal to their manufacture and/or intended operation. An
example of such a good is a vehicle tire. It may be desirable
to place a wireless communication device in a tire so that
information regarding the tire, such as a tire’s identification,
pressure, temperature, and other environmental information,
can be wirelessly communicated to an interrogation reader
during the tire’s manufacture and/or use.

Tire pressure monitoring may be particularly important
since the pressure in a tire governs its proper operation and
safety in use. For example, too little pressure in a tire during
its use can cause a tire to be damaged by the weight of a
vehicle supported by the tire. Too much pressure can cause
a tire to rupture. Tire pressure must be tested during the
manufacturing process to ensure that the tire meets intended
design specifications. The tire pressure should also be within
a certain pressure limits during use in order to avoid dan-
gerous conditions. Knowledge of the tire pressure during the
operation of a vehicle can be used to inform an operator
and/or vehicle system that a tire has a dangerous pressure
condition. The vehicle may indicate a pressure condition by
generating an alarm or warning signal to the operator of the
vehicle.

During the manufacturing process of a tire, the rubber
material comprising the vehicle tire is violently stretched
during its manufacture before taking final shape. Wireless
communication devices placed inside tires during their
manufacture must be able to withstand this stretching and
compression and still be able to operate properly after the
completion of the tire’s manufacture. Since wireless com-
munication devices are typically radio-frequency communi-
cation devices, an antenna must be coupled to the wireless
communication device for communication. This antenna and
wireless communication device combination may be placed
in the inside of the tire along its inner wall or inside the
rubber of tire for example. This results in stretching and
compression of the wireless communication device and
antenna whenever the tire is stretched and compressed.
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Often, the antenna is stretched and subsequently damaged or
broken thereby either disconnecting the wireless communi-
cation device from an antenna or changing the length of the
antenna, which changes the operating frequency of the
antenna. In either case, the wireless communication device
may be unable to communicate properly when the antenna
is damaged or broken.

Therefore, an object of the present invention is to provide
an antenna for a wireless communication device that can
withstand a force, such as stretching or compression, and not
be susceptible to damage or a break. In this manner, a high
level of operability can be achieved with wireless commu-
nication devices coupled to antennas for applications where
a force is placed on the antenna.

SUMMARY OF THE INVENTION

The present invention relates to a wave antenna that is
coupled to a wireless communication device, such as a
transponder, to wirelessly communicate information. The
wave antenna is formed through a series of alternating bends
in a substantially straight conductor, such as a wire, to form
at least two different sections wherein at least one section of
the conductor is bent at an angle of less than 180 degrees
with respect to the other. A wave antenna is capable of
stretching when subjected to a force without being damaged.
A wave antenna can also provide improved impedance
matching capability between the antenna and a wireless
communication device because of the reactive interaction
between different sections of the antenna conductor. In
general, varying the characteristics of the conductor wire of
the wave antenna, such as diameter, the angle of the bends,
the lengths of the sections formed by the bends, and the type
of conductor wire, will modify the cross coupling and,
hence, the impedance of the wave antenna.

In a first wave antenna embodiment, a wireless commu-
nication device is coupled to a single conductor wave
antenna to form a monopole wave antenna.

In a second wave antenna embodiment, a wireless com-
munication device is coupled to two conductor wave anten-
nas to form a dipole wave antenna.

In a third wave antenna embodiment, a dipole wave
antenna is comprised out of conductors having different
sections having different lengths. The first section is coupled
to the wireless communication device and forms a first
antenna having a first operating frequency. The second
section is coupled to the first section and forms a second
antenna having a second operating frequency. The wireless
communication device is capable of communicating at each
of these two frequencies formed by the first antenna and the
second antenna.

In a fourth wave antenna embodiment, a resonating con-
ductor is additionally coupled to the wireless communica-
tion device to provide a second antenna operating at a
second operating frequency. The resonating ring may also
act as a stress relief for force placed on the wave antenna so
that such force is not placed on the wireless communication
device.

In another embodiment, the wireless communication
device is coupled to a wave antenna and is placed inside a
tire so that information can be wirelessly communicated
from the tire to an interrogation reader. The wave antenna is
capable of stretching and compressing, without being dam-
aged, as the tire is stretched and compressed during its
manufacture and pressurization during use on a vehicle.

In another embodiment, the interrogation reader deter-
mines the pressure inside a tire by the response from a
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wireless communication device coupled to a wave antenna
placed inside the tire. When the tire and, therefore, the wave
antenna stretch to a certain length indicative that the tire is
at a certain threshold pressure, the length of the antenna will
be at the operating frequency of the interrogation reader so
that the wireless communication device is capable of
responding to the interrogation reader.

In another embodiment, a method of manufacture is
disclosed on one method of manufacturing the wave antenna
out of a straight conductor and attaching wireless commu-
nication devices to the wave antenna. The uncut string of
wireless communication devices and wave antennas form
one continuous strip that can be wound on a reel and later
unwound, cut and applied to a good, object, or article of
manufacture.

Those skilled in the art will appreciate the scope of the
present invention and realize additional aspects thereof after
reading the following detailed description of the preferred
embodiments in association with the accompanying drawing
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawing figures incorporated in and
forming a part of this specification illustrate several aspects
of the invention, and together with the description serve to
explain the principles of the invention.

FIG. 1 is a schematic diagram of an interrogation reader
and wireless communication device system that may be used
with the present invention;

FIG. 2A is a schematic diagram of a monopole wave
antenna coupled to a wireless communication device for
wireless communications;

FIG. 2B is a schematic diagram of a dipole wave antenna
coupled to a wireless communication device for wireless
communications;

FIG. 3 is a schematic diagram of a dipole wave antenna
coupled to a wireless communication device wherein a first
portion of the wave antenna operates at a first frequency and
a second portion of the wave antenna coupled to the first
portion operates at a second frequency;

FIG. 4A is a schematic diagram of a wave antenna and a
ring resonator both coupled to a wireless communication
device wherein the wave antenna operates at a first fre-
quency and the ring resonator operates at a second fre-
quency;

FIG. 4B is a schematic diagram of the wave antenna and
a ring resonator as illustrated in FIG. 4A, except that the ring
resonator is additionally mechanically coupled to the wave
antenna as a mechanical stress relief;,

FIG. 4C is a schematic diagram of an alternative embodi-
ment to FIG. 4B;

FIG. 5A is a schematic diagram of another embodiment of
a wave antenna and wireless communication device;

FIG. 5B is a schematic diagram of a compressed version
of the wave antenna illustrated in FIG. 5A;

FIG. 6A is a schematic diagram of a wireless communi-
cation device and wave antenna attached to the inside of a
tire for wireless communication of information about the
tire;

FIG. 6B is a schematic diagram of FIG. 6A, except that
the tire is under pressure and is stretching the wave antenna;

FIG. 7 is a flowchart diagram of a tire pressure detection
system executed by an interrogation reader by communicat-
ing with a wireless communication device coupled to a wave
antenna inside a tire like that illustrated in FIGS. 6A and 6B.
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FIG. 8 is a schematic diagram of a reporting system for
information wirelessly communicated from a tire to an
interrogation reader;

FIG. 9 is a schematic diagram of a process of manufac-
turing a wave antenna and coupling the wave antenna to a
wireless communication device; and

FIG. 10 is a schematic diagram of an inductance tuning
short provided by the manufacturing process illustrated in
FIG. 9.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention relates to a wave antenna that is
coupled to a wireless communication device, such as a
transponder, to wirelessly communicate information. The
wave antenna is formed through a series of alternating bends
in a substantially straight conductor, such as a wire, to form
at least two different sections wherein at least one section of
the conductor is bent at an angle of less than 180 degrees
with respect to each other. A wave antenna is capable of
stretching without being damaged when subjected to a force.
A wave antenna can also provide improved impedance
matching capability between the antenna and a wireless
communication device because of the reactive interaction
between different sections of the antenna conductor. In
general, varying the characteristics of the conductor wire of
the wave antenna, such as diameter, the angle of the bends,
the lengths of the sections formed by the bends, and the type
of conductor wire, will modify the cross coupling and,
hence, the impedance of the wave antenna.

Before discussing the particular aspects and applications
of the wave antenna as illustrated in FIGS. 2-10 of this
application, a wireless communication system that may be
used with the present invention is discussed below.

FIG. 1 illustrates a wireless communication device and
communication system that may be used with the present
invention. The wireless communication device 10 is capable
of communicating information wirelessly and may include a
control system 12, communication electronics 14, and
memory 16. The wireless communication device 10 may
also be known as a radio-frequency identification device
(RFID). The communication electronics 14 is coupled to an
antenna 17 for wirelessly communicating information in
radio-frequency signals. The communication electronics 14
is capable of receiving modulated radio-frequency signals
through the antenna 17 and demodulating these signals into
information passed to the control system 12. The antenna 17
may be any type of antenna, including but not limited to a
pole or slot antenna. The antenna 17 may be internal or
external to the wireless communication device 10.

The control system 12 may be any type of circuitry or
processor that receives and processes information received
by the communication electronics 14, including a micro-
controller or microprocessor. The wireless communication
device 10 may also contain a memory 16 for storage of
information. Such information may be any type of informa-
tion about goods, objects, or articles of manufacture, includ-
ing but not limited to identification, tracking, environmental
information, such as pressure and temperature, and other
pertinent information. The memory 16 may be electronic
memory, such as random access memory (RAM), read-only
memory (ROM), flash memory, diode, etc., or the memory
16 may be mechanical memory, such as a switch, dipswitch,
etc.

The control system 12 may also be coupled to sensors that
sense environmental information concerning the wireless
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communication device 10. For instance, the control system
12 may be coupled to a pressure sensor 18 to sense the
pressure on the wireless communication device 10 and/or its
surroundings. The control system 12 may also be coupled to
a temperature sensor 19 to sense the temperature of the
wireless communication device 10 or the ambient tempera-
ture around the wireless communication device 10. More
information on different types of pressure sensors 18 that can
be used to couple to the control system are disclosed in U.S.
Pat. Nos. 6,299,349 and 6,272,936, entitled “Pressure and
temperature sensor” and “Pressure sensor,” respectively,
both of which are incorporated herein by reference in their
entirety.

The temperature sensor 19 may be contained within the
wireless communication device 10, or external to the wire-
less communication device 10. The temperature sensor 19
may be any variety of temperature sensing elements, such as
a thermistor or chemical device. One such temperature
sensor 19 is described in U.S. Pat. No. 5,959,524, entitled
“Temperature sensor,” incorporated herein by reference in
its entirety. The temperature sensor 19 may also be incor-
porated into the wireless communication device 10 or its
control system 12, like that described in U.S. Pat. No.
5,961,215, entitled “Temperature sensor integral with micro-
processor and methods of using same,” incorporated herein
by reference in its entirety. However, note that the present
invention is not limited to any particular type of temperature
sensor 19.

Some wireless communication devices 10 are termed
“active” devices in that they receive and transmit data using
their own energy source coupled to the wireless communi-
cation device 10. A wireless communication device 10 may
use a battery for power as described in U.S. Pat. No.
6,130,602 entitled “Radio frequency data communications
device,” or may use other forms of energy, such as a
capacitor as described in U.S. Pat. No. 5,833,603, entitled
“Implantable biosensing transponder.” Both of the preceding
patents are incorporated herein by reference in their entirety.

Other wireless communication devices 10 are termed
“passive” devices meaning that they do not actively transmit
and therefore may not include their own energy source for
power. One type of passive wireless communication device
10 is known as a “transponder.” A transponder effectively
transmits information by reflecting back a received signal
from an external communication device, such as an inter-
rogation reader. An example of a transponder is disclosed in
U.S. Pat. No. 5,347,280, entitled “Frequency diversity tran-
sponder arrangement,” incorporated herein by reference in
its entirety. Another example of a transponder is described in
co-pending patent application Ser. No. 09/678,271, entitled
“Wireless communication device and method,” incorporated
herein by reference in its entirety.

FIG. 1 depicts communication between a wireless com-
munication device 10 and an interrogation reader 20. The
interrogation reader 20 may include a control system 22, an
interrogation communication electronics 24, memory 26,
and an interrogation antenna 28. The interrogation antenna
28 may be any type of antenna, including a pole antenna or
a slot antenna. The interrogation reader 20 may also contain
its own internal energy source 30, or the interrogation reader
20 may be powered through an external power source. The
energy source 30 may include batteries, a capacitor, solar
cell or other medium that contains energy. The energy source
30 may also be rechargeable. A timer 23 may also be coupled
to the control system 22 for performing tasks that require
timing operations.
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The interrogation reader 20 communicates with the wire-
less communication device 10 by emitting an electronic
signal 32 modulated by the interrogation communication
electronics 24 through the interrogation antenna 28. The
interrogation antenna 28 may be any type of antenna that can
radiate a signal 32 through a field 34 so that a reception
device, such as a wireless communication device 10, can
receive such signal 32 through its own antenna 17. The field
34 may be electromagnetic, magnetic, or electric. The signal
32 may be a message containing information and/or a
specific request for the wireless communication device 10 to
perform a task or communicate back information. When the
antenna 17 is in the presence of the field 34 emitted by the
interrogation reader 20, the communication electronics 14
are energized by the energy in the signal 32, thereby
energizing the wireless communication device 10. The wire-
less communication device 10 remains energized so long as
its antenna 17 is in the field 34 of the interrogation reader 20.
The communication electronics 14 demodulates the signal
32 and sends the message containing information and/or
request to the control system 12 for appropriate actions.

It is readily understood to one of ordinary skill in the art
that there are many other types of wireless communications
devices and communication techniques than those described
herein, and the present invention is not limited to a particular
type of wireless communication device, technique or
method.

FIG. 2A illustrates a first embodiment of a wave antenna
17 coupled to a wireless communication device 10 for
wireless communication. This embodiment illustrates a
monopole wave antenna 17. The wave antenna 17 is formed
by a conducting material, such as a wire or foil for example,
that is bent in alternating sections to form a series of peaks
and valleys. Any type of material can be used to form the
wave antenna 17 so long as the material can conduct,
electrical energy. A wave antenna 17 in its broadest form is
a conductor that is bent in at least one position at an angle
less than 180 degrees to form at least two different sections
21. The monopole wave antenna 17 in this embodiment
contains seven alternating bends to form a saw-tooth wave
shape. The monopole wave antenna 17 is coupled, by either
a direct or reactive coupling, to an input port (not shown) on
the wireless communication device 10 to provide an antenna
17 for wireless communications. Since the wireless com-
munication device 10 contains another input port that is
coupled to the monopole wave antenna 17, this additional
input port is grounded.

A wave antenna 17 may be particularly advantageous to
use with a wireless communication device 10 in lieu of a
straight antenna. One advantage of a wave antenna 17 is that
it is tolerant to stretching without substantial risk of damage
or breakage to the conductor. Certain types of goods,
objects, or articles of manufacture may encounter a force,
such as stretching or compression, during their manufacture
and/or normal use. If a wireless communication device 10
uses a straight conductor as antenna 17 and is attached to
goods, objects, or articles of manufacture that are subjected
to a force during their manufacture or use, the antenna 17
may be damaged or broken when the good, object or article
of manufacture is subjected to such force. If the antenna 17
is damaged or broken, this may cause the wireless commu-
nication device 10 to be incapable of wireless communica-
tion since a change in the length or shape of the conductor
in the antenna 17 may change the operating frequency of the
antenna 17.

A wave antenna 17, because of its bent sections 21, also
causes the field emitted by the conductors in sections 21 to
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capacitively couple to other sections 21 of the wave antenna
17. This results in improved impedance matching with the
wireless communication device 10 to provide greater and
more efficient energy transfer between the wireless commu-
nication device 10 and the wave antenna 17. As is well
known to one of ordinary skill in the art, the most efficient
energy transfer occurs between a wireless communication
device 10 and an antenna 17 when the impedance of the
antenna 17 is the complex conjugate of the impedance of the
wireless communication device 10.

The impedance of a straight conductor antenna 17 is
dependant on the type, size, and shape of the conductor. The
length of the antenna 17 is the primary variable that deter-
mines the operating frequency of the antenna 17. Unlike a
straight conductor antenna 17, a wave antenna 17 can also
be varied in other ways not possible in a straight conductor
antenna 17. In a wave antenna 17, other variables exist in the
design of the antenna in addition to the type, size, shape and
length of the conductor. The impedance of a wave antenna
17 can also be varied by varying the length of the individual
sections 21 of the conductor making up the wave antenna 17
and the angle between these individual sections 21 in
addition to the traditional variables available in straight
conductor antennas 17. These additional variables available
in wave antennas 17 can be varied while maintaining the
overall length of the conductor so that the operating fre-
quency of the wave antenna 17 is maintained. In this
embodiment, the lengths of the individual sections 21 and
the angles between the individual sections 21 are the same;
however, they do not have to be.

In summary, a wave antenna 17 provides the ability to
alter and select additional variables not possible in straight
conductor antennas 17 that affect the impedance of the
antenna 17, thereby creating a greater likelihood that a wave
antenna’s 17 impedance can be designed to more closely
match the impedance of the wireless communication device
10. Of course, as is well known by one of ordinary skill in
the art, the type of materials attached to the wave antenna 17
and the material’s dielectric properties also vary the imped-
ance and operating frequency of the wave antenna 17. These
additional variables should also be taken into account in the
final design of the wave antenna 17. The reactive cross-
coupling that occurs between different sections 21 of the
wave antenna 17 also contribute to greater impedance
matching capability of the wave antenna 17 to a wireless
communication device 10. More information on impedance
matching between a wireless communication device 10 and
an antenna 17 for efficient transfer of energy is disclosed in
U.S. pending patent application Ser. No. 09/536,334,
entitled “Remote communication using slot antenna,” incor-
porated herein by reference in its entirety.

FIG. 2B illustrates a wave antenna 17 similar to that
illustrated in FIG. 2A; however, the wave antenna in FIG.
2B is a dipole wave antenna 17. Two conductors 17A, 17B
are coupled to the wireless communication device 10 to
provide wireless communications. In this embodiment, the
length of the conductors 17A, 17B that form the dipole wave
antenna 17 are each 84 millimeters in length. The dipole
wave antenna 17 operates at a frequency of 915 MHz. In this
embodiment, the lengths of the individual sections 21 and
the angles between the individual sections 21 that make up
the dipole wave antenna 17 are the same; however, they do
not have to be.

FIG. 3 illustrates another embodiment of a wave antenna
17 where the lengths of the individual sections 21 and the
angle between the individual sections 21 are not the same.
Two conductors are coupled to the wireless communication
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device 10 to create a dipole wave antenna 17. The first
conductor is comprised out of two sections 21A, 21C, each
having a different number of sections 21 and lengths. The
two sections 21A, 21C are also symmetrically contained in
the second conductor 21B, 21D. This causes the wave
antenna 17 to act as a dipole antenna that resonates and
receives signals at two different operating frequencies so
that the wireless communication device 10 is capable of
communicating at two different frequencies.

The first symmetrical sections 21A, 21B are 30.6 milli-
meters or A/4 in length and are coupled to the wireless
communication device 10 so that the wave antenna 17 is
capable of receiving 2.45 GHz signals. The second sym-
metrical sections 21C, 21D are coupled to the first sections
21A, 21B, respectively, to form a second dipole antenna for
receiving signals at a second frequency. In this embodiment,
the second sections 21C, 21D are 70 millimeters in length
and are coupled to the first sections 21A, 21B, respectively,
to form lengths that are designed to receive 915 MHz
signals. Also note that bends in the conductor in the wave
antenna 17 are not constant. The bends in the wave antenna
17 that are made upward are made at an angle of less than
180 degrees. The bends in the wave antenna 17 that are made
downward are made at an angle of 180 degrees.

Note that it is permissible for bends in sections 21 of the
conductor to be 180 degrees so long as all of the sections 21
in the conductor are not bent at 180 degrees with respect to
adjacent sections 21. If all of the sections 21 in the conductor
are bent at 180 degrees, then the conductor will effectively
be a straight conductor antenna 17 and not a wave antenna
17.

FIG. 4A illustrates another embodiment of the wave
antenna 17 coupled to the wireless communication device 10
wherein the wireless communication device 10 is configured
to receive signals at two different frequencies. A wave
antenna 17 similar the wave antenna 17 illustrated in FIG.
2B is coupled to the wireless communication device 10 to
form a dipole wave antenna 17. A resonating ring 40 is also
capacitively coupled to the wireless communication device
10 to provide a second antenna 17 that operates at a second
and different frequency from the operating frequency of the
dipole wave antenna 17. The resonating ring 40 may be
constructed out of any type of material so long as the
material is conductive.

This embodiment may be particularly advantageous if it is
necessary for the wireless communication device 10 to be
capable of wirelessly communicating regardless of the force,
such as stretching or compression, exerted on the wave
antenna 17. The resonating ring 40 is designed to remain in
its original shape regardless of the application of any force
that may be placed on the wireless communication device 10
or a good, object, or article of manufacture that contains the
wireless communication device 10. Depending on the force
exerted on the wave antenna 17 or a good, object or article
of manufacture that contains the wave antenna 17 and
wireless communication device 10, the length of the wave
antenna 17 may change, thereby changing the operating
frequency of the wave antenna 17. The new operating
frequency of the wave antenna 17 may be sufficiently
different from the normal operating frequency such that
wave antenna 17 and the wireless communication device 10
could not receive and/or demodulate signals sent by the
interrogation reader 20. The resonating ring 40 is capable of
receiving signals 32 regardless of the state of the wave
antenna 17.

FIG. 4B also illustrates an embodiment of the present
invention employing a dipole wave antenna 17 that operates
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at 915 MHz and a resonating ring 40 that operates at 2.45
GHz. The dipole wave antenna 17 and the resonating ring 40
are both coupled to the wireless communication device 10 to
allow the wireless communication device 10 to operate at
two different frequencies. However, in this embodiment, the
conductors of the dipole wave antenna 17 are looped around
the resonating ring 40 at a first inductive turn 42A and a
second inductive turn 42B. In this manner, any force placed
on the dipole wave antenna 17 will place such force on the
resonating ring 40 instead of the wireless communication
device 10.

This embodiment may be advantageous in cases where a
force, placed on the dipole wave antenna 17 without pro-
viding a relief mechanism other than the wireless commu-
nication device 10 itself would possibly cause the dipole
wave antenna 17 to disconnect from the wireless commu-
nication device 10, thus causing the wireless communication
device 10 to be unable to wirelessly communicate. The
resonating ring 40 may be constructed out of a stronger
material than the connecting point between the dipole wave
antenna 17 and the wireless communication device 10,
thereby providing the ability to absorb any force placed on
the dipole wave antenna 17 without damaging the resonating
ring 40. This embodiment may also be particularly advan-
tageous if the wireless communication device 10 is placed
on a good, object or article of manufacture that undergoes
force during its manufacture or use, such as a rubber tire, for
example.

FIG. 4C illustrates another embodiment similar to those
illustrated in FIGS. 4A and 4B. However, the resonating ring
40 is directly coupled to the wireless communication device
10, and the dipole wave antenna 17 is directly coupled to the
resonating ring 10. A first and second conducting attach-
ments 44A, 44B are used to couple the resonating ring 40 to
the wireless communication device 10. A force exerted on
the dipole wave antenna 17 is exerted on and absorbed by
the resonating ring 40 rather than wireless communication
device 10 so that the wireless communication device 10 is
not damaged.

FIG. 5A illustrates another embodiment of the wave
antenna 17 that is stretched wherein the bending are at
angles close to 180 degrees, but slightly less, to form
sections 21 close to each other. The coupling between the
individual elements in the wave antenna 17 will be strong
due to the proximity. Therefore, a small change in stretching
of the wave antenna 17 will have a large effect on the
operating frequency of the wave antenna 17. Since the
change in the operating frequency will be great, it will be
easier for a small stretching of the wave antenna 17 to
change the operating frequency of the wave antenna 17.

FIG. 5B illustrates the same wave antenna 17 and wireless
communication device 10 illustrated in FIG. 5A; however,
the wave antenna 17 is not being stretched. When this wave
antenna 17 is not being stretched, the bent sections in the
wave antenna 17 touch each other to effectively act as a
regular dipole antenna without angled sections 21. If this
embodiment, each pole 17A, 17B of the wave antenna 17 in
its normal form is 30.6 millimeters long and has an operating
frequency of 2.45 GHz such that the wireless communica-
tion device 10 is capable of responding to a frequency of
2.45 GHz.

FIG. 6A illustrates one type of article of manufacture that
undergoes force during its manufacture and use and that may
include a wireless communication device 10 and wave
antenna 17 like that illustrated in FIGS. 5A and SB. This
embodiment includes a rubber tire 50 well known in the
prior art that is used on transportation vehicles. The tire 50
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is designed to be pressurized with air when placed inside a
tire 50 mounted on a vehicle wheel forming a seal between
the wheel and the tire 50. The tire 50 is comprised of a tread
surface 52 that has a certain defined thickness 53. The tread
surface 52 has a left outer side 54, a right outer side 56 and
an orifice 58 in the center where the tire 50 is designed to fit
on a wheel. The left outer side 54 and right outer side 56 are
bent downward at angles substantially perpendicular to the
plane of the tread surface 52 to form a left outer wall 60 and
a right outer wall 62. When the left outer wall 60 and right
outer wall 62 are formed, a left inner wall 64 and a right
inner wall 66 are also formed as well. Additionally, depend-
ing on the type of tire 50, a steel belt 68 may also be included
inside the rubber of the tire 50 under the surface of the tread
surface 52 for increase performance and life. More infor-
mation on the construction and design of a typical tire 50 is
disclosed in U.S. Pat. No. 5,554,242, entitled “Method for
making a multi-component tire,” incorporated herein by
reference in its entirety.

In this embodiment, a wireless communication device 10
and dipole wave antenna 17 are attached on the inner surface
of'the tire 50 on the other side of the tread surface 52. During
the manufacturing of a tire 50, the rubber in the tire 50
undergoes a lamination process whereby the tire 50 may be
stretched up to approximately 1.6 times its normal size and
then shrunk back down to the normal dimensions of a wheel.
If a wireless communication device 10 is placed inside the
tire 50 during the manufacturing process, the wireless com-
munication device 10 and antenna 17 must be able to
withstand the stretching and shrinking that a tire 50 under-
goes without being damaged. The wave antenna 17 of the
present invention is particularly suited for this application
since the wave antenna 17 can stretch and compress without
damaging the conductor of the wave antenna 17.

Also, a tire 50 is inflated with gas, such as air, to a
pressure during its normal operation. If the wireless com-
munication device 10 and antenna 17 are placed inside the
tread surface 52 or inside the tire 50, the wireless commu-
nication device 10 and antenna 17 will stretch and compress
depending on the pressure level in the tire 50. The more
pressure contained in the tire 50, the more the tire 50 will
stretch. Therefore, any wireless communication device 10
and antenna 17 that is contained inside the tire 50 or inside
the rubber of the tire 50 must be able to withstand this
stretching without being damaged and/or affecting the
proper operation of the wireless communication device 10.

FIG. 6B illustrates the same tire illustrated in FIG. 6A.
However, in this embodiment, the tire 50 is under a pressure
and has stretched the dipole wave antenna 17. Because the
dipole wave antenna 17 is capable of stretching without
being damaged or broken, the dipole wave antenna 17 is not
damaged and does not break when the tire 50 is stretched
when subjected to a pressure. Note that the wave antenna 17
placed inside the tire 50 could also be a monopole wave
antenna 17, as illustrated in FIG. 2A, or any other variation
of the wave antenna 17, including the wave antennas 17
illustrated in FIGS. 2B, 3, 4A-4C, 5A, and 5B. Also, note
that the wireless communication device 10 and wave
antenna 17 could be provided anywhere on the inside of the
tire 50, including inside the thickness 53 of the tread surface
52, the left inner wall 64 or the right inner wall 66.

FIG. 7 illustrates a flowchart process wherein the inter-
rogation reader 20 is designed to communicate with the
wireless communication device 10 and wave antenna 17 to
determine when the pressure of the tire 50 has reached a
certain designed threshold pressure. Because a wave antenna
17 changes length based on the force exerted on its conduc-
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tors, a wave antenna 17 will stretch if placed inside a tire 50
as the pressure inside the tire 50 rises. The wave antenna 17
can be designed so that the length of the wave antenna 17
only reaches a certain designed length to be capable of
receiving signals at the operating frequency of the interro-
gation reader 20 when the tire 50 reaches a certain threshold
pressure.

The process starts (block 70), and the interrogation reader
20 emits a signal 32 through the field 34 as discussed
previously for operation of the interrogation reader 20 and
wireless communication device 10 illustrated in FIG. 1. The
interrogation reader 20 checks to see if a response signal has
been received from the wireless communication device 10
(decision 74). If no response signal is received by the
interrogation reader 20 from the wireless communication
device 10, the interrogation reader 20 continues to emit the
signal 34 in a looping fashion (block 72) until a response is
received. Once a response is received by the interrogation
reader 20 from the wireless communication device 10 (deci-
sion 74), this is indicative of the fact that the wave antenna
17 coupled to the wireless communication device 10 has
stretched to a certain length so that the wave antenna’s 17
operating frequency is compatible with the operating fre-
quency of the interrogation reader 20 (block 76). The
interrogation reader 20 can report that the tire 50 containing
the wireless communication device 10 and wave antenna 17
has reached a certain threshold pressure. Note that the wave
antennas 17 may be any of the wave antennas 17 illustrated
in FIGS. 2B, 3, 4A-4C, 5A, and 5B.

FIG. 8 illustrates one embodiment of a reporting system
that may be provided for the interrogation reader 20. The
interrogation reader 20 may be coupled to a reporting system
77. This reporting system 77 may be located in close
proximity to the interrogation reader 20, and may be coupled
to the interrogation reader 20 by either a wired or wireless
connection. The reporting system 77 may be a user interface
or other computer system that is capable of receiving and/or
storing data communications received from an interrogation
reader 20. This information may be any type of information
received from a wireless communication device 10, includ-
ing but not limited to identification information, tracking
information, and/or environmental information concerning
the wireless communication device 10 and/or its surround-
ings, such as pressure and temperature. The information may
be used for any purpose. For example, identification, track-
ing, force and/or pressure information concerning a tire 50
during its manufacture may be communicated to the report-
ing system 77 which may then be used for tracking, quality
control, and supply-chain management. If the information
received by the reporting system is not normal or proper, the
reporting system 77 may control the manufacturing opera-
tions to stop and/or change processes during manufacture
and/or alert personnel in charge of the manufacturing pro-
cess.

The reporting system 77 may also communicate informa-
tion received from the wireless communication device 10,
via the interrogation reader 20, to a remote system 78
located remotely from the reporting system 77 and/or the
interrogation reader 20. The communication between the
reporting system 77 and the remote system 78 may be
through wired communication, wireless communication,
modem communication or other networking communica-
tion, such as the Internet. Alternatively, the interrogation
reader 20 may communicate the information received from
the wireless communication device 10 directly to the remote
system 78 rather than first reporting the information through
the reporting system 77 using the same or similar commu-
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nication mediums as may be used between the reporting
system 77 and the remote system 78.

FIG. 9 illustrates a method of manufacturing a wave
antenna 17 and assembly of the wave antenna 17 to wireless
communication devices 10. The process involves eight total
steps. Each of the steps is labeled in circled numbers
illustrated in FIG. 9. The first step of the process involves
passing an antenna 17 conductor wire or foil through cogs
120 to create the alternating bends in the antenna conductor
17 to form the wave antenna 17. The cogs 120 are comprised
of'a top cog 120A and a bottom cog 120B. The top cog 120A
rotates clockwise, and the bottom cog 120B rotates coun-
terclockwise. Each cog 120A, 120B includes teeth that
interlock with each other as the cogs 120A, 120B rotate. As
the antenna conductor 17 passes through the cogs 120A,
120B, alternating bends are placed in the antenna conductor
17 to form peaks 121 and valleys 122 in the antenna
conductor 17 to form the wave antenna 17.

The second step of the process involves placing tin solder
on portions of the wave antenna 17 so that a wireless
communication device 10 can be soldered and attached to
the wave antenna 17 in a later step. A soldering station 123
is provided and is comprised of a first tinning position 123A
and a second tinning position 123B. For every predefined
portion of the wave antenna 17 that passes by the soldering
station 123, the first tinning position 123A and second
tinning position 123B raise upward to place tin solder on the
left side of the peak 124A and an adjacent right side of the
peak 124 A so that the wireless communication device 10 can
be soldered to the wave antenna 17 in the third step of the
process. Please note that the process may also use glue
instead of solder to attach the wireless communication
device 10 to the wave antenna 17.

The third step of the process involves attaching a wireless
communication device 10 to the wave antenna 17. A wireless
communication device is attached to the left side of the peak
124 A and the right side of the peak 124B at the points of the
tin solder. An adhesive 126 is used to attach the leads or pins
(not shown) of the wireless communication device 10 to the
tin solder, and solder paste is added to the points where the
wireless communication device 10 attach to the tin solder on
the wave antenna 17 to conductively attach the wireless
communication device 10 to the wave antenna 17. Note that
when the wireless communication device 10 is attached to
the wave antenna 17, the peak remains on the wireless
communication device 10 that causes a short 128 between
the two input ports (not shown) of the wireless communi-
cation device 10 and the two wave antennas 17 coupled to
the wireless communication device 10.

The fourth step in the process involves passing the
wireless communication device 10 as connected to the wave
antenna 17 through a hot gas re-flow soldering process well
known to one of ordinary skill in the art to securely attach
the solder between the leads of the wireless communication
device 10 and the wave antenna 17.

The fifth step in the process involves the well-known
process of cleaning away any excess solder that is unused
and left over during the previous soldering.

The sixth step in the process involves removing the short
128 between the two wave antennas 17 left by the peak 124
of the wave antenna 17 from the third step in the process.
Depending on the type of wireless communication device 10
and its design, the short 128 may or may not cause the
wireless communication device 10 to not properly operate to
receive signals and re-modulate response signals. If the
wireless communication device 10 operation is not affected
by this short 128, this step can be skipped in the process.
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The seventh step in the process involves encapsulating the
wireless communication device 10. The wireless communi-
cation device 10 is typically in the form of a RF integrated
circuit chip that is encapsulated with a hardened, non-
conductive material 130, such as a plastic or epoxy, to
protect the inside components of the chip from the environ-
ment.

The eighth and last step involves winding wireless com-
munication devices 10 as attached on the wave antenna 17
onto a reel 130. The wireless communication devices 10 and
wave antenna 17 are contained on a strip since the wave
antenna 17 conductor has not been yet cut. When it is desired
to apply the wireless communication device 10 and attached
wave antenna 17 to a good, object, or article of manufacture,
such as a tire 50, the wireless communication device 10 and
attached wave antenna 17 can be unwound from the reel 130
and the wave antenna 17 conductor cut in the middle
between two consecutive wireless communication devices
10 to form separate wireless communication device 10 and
dipole wave antenna 17 devices.

FIG. 10 illustrates the short 128 left on the wireless
communication device 10 and wave antenna 17 as a tuning
inductance. Some UHF wireless communication devices 10
operate best when a direct current (DC) short, in the form of
a tuning inductance, is present across the wireless commu-
nication device 10 and therefore the process of removing the
short 128 can be omitted. FIG. 10 illustrates an alternative
embodiment of the wave antenna 17 and wireless commu-
nication device 10 where an uneven cog 120 has been used
in step 1 of the process to produce an extended loop short
128 across the wireless communication device 10. This
gives the required amount of inductance for best operation
of the wireless communication device 10 as the wave
antenna 17 and the short 128 are in parallel.

The embodiments set forth above represent the necessary
information to enable those skilled in the art to practice the
invention and illustrate the best mode of practicing the
invention. Upon reading the preceding description in light of
the accompanying drawing figures, those skilled in the art
will understand the concepts of the invention and will
recognize applications of these concepts not particularly
addressed herein. It should be understood that these con-
cepts and applications fall within the scope of the disclosure
and the accompanying claims.

It should be understood that the present invention is not
limited to applications involving a vehicle tire. It should also
be understood that the present invention is not limited to any
particular type of component, including but not limited to
the wireless communication device 10 and its components,
the interrogation reader 20 and its components, the pressure
sensor 18, the temperature sensor 19, the resonating ring 40,
the tire 50 and its components, the reporting system 77, the
remote system 78, the wheel 100 and its components, the
cogs 120, the soldering station 123, the adhesive 124, and
the encapsulation material 130. For the purposes of this
application, couple, coupled, or coupling is defined as either
a direct connection or a reactive coupling. Reactive coupling
is defined as either capacitive or inductive coupling.

Those skilled in the art will recognize improvements and
modifications to the preferred embodiments of the present
invention. All such improvements and modifications are
considered within the scope of the concepts disclosed herein
and the claims that follow.

What is claimed is:

1. An apparatus, comprising:

a wireless communication device coupled to a wave

antenna that operates at a first operating frequency and
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is comprised of at least one conductor that is bent in at
least one position at an angle less than 180 degrees to
form at least two different sections; and

a tire wherein said wireless communication device is
mounted to the inside of said tire and wherein said
wireless communication device is adapted to wirelessly
communicate information relating to said tire;

wherein said tire comprises
an outer surface, comprising a circular-shaped tread

surface having a left outer side and a right outer side
and an orifice, said left outer side and said right outer
side each folding down at an angle to said tread
surface to respectively form a left outer wall and a
right outer wall and to respectively form a left inner
wall and a right inner wall attached to an internal
wall on the opposite side of said tread surface; and
wherein said wireless communication device is attached
to a wall inside said tire comprised from the group
consisting of said left inner wall, said right inner wall,
and said internal wall; and

wherein said at least two different sections comprise a first
section having a first length to form a first antenna
designed to operate at a first operating frequency and a
second section having a second length to form a second
antenna designed to operate at a second operating
frequency.

2. The apparatus of claim 1, wherein said tread surface is
comprised of rubber, and wherein said wave antenna is
contained inside said rubber.

3. The apparatus of claim 1, wherein said tread surface is
comprised of rubber, and wherein said wireless communi-
cation device is contained inside said rubber.

4. The apparatus of claim 3, wherein said wave antenna is
contained inside said rubber.

5. The apparatus of claim 3, wherein said tread surface
contains an inner steel belt inside said rubber, and wherein
said wave antenna is coupled to said inner steel belt.

6. The apparatus of claim 5, wherein said coupling of said
wave antenna to said inner steel belt is comprised from the
group consisting of direct coupling, capacitive coupling, and
reactive coupling.

7. The apparatus of claim 6, wherein said wave antenna is
contained inside said tread surface.

8. The apparatus of claim 6, wherein said wireless com-
munication device is contained inside said tread surface.

9. The apparatus of claim 8, wherein said wave antenna is
contained inside said tread surface.

10. The apparatus of claim 1, wherein said first section is
coupled to said wireless communication device, and said
second section is coupled to said first section.

11. The apparatus of claim 1, wherein said second section
is bent into a plurality of subsections each having the same
length to form said second antenna.

12. The apparatus of claim 1, wherein said first section is
bent into a plurality of subsections each having the same
length to form said first antenna.

13. The apparatus of claim 12, wherein said second
section is bent into a plurality of subsections each having the
same length to form said second antenna.

14. An apparatus, comprising:

a wireless communication device coupled to a wave
antenna that operates at a first operating frequency and
is comprised of at least one conductor that is bent in at
least one position at an angle less than 180 degrees to
form at least two different sections;

a tire wherein said wireless communication device is
mounted to the inside of said tire and wherein said
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wireless communication device is adapted to wirelessly
communicate information relating to said tire; and

a resonating ring coupled to said wave antenna wherein
said resonating ring forms a second antenna that oper-
ates at a second operating frequency.

15. The apparatus of claim 14, wherein said resonating

ring is capacitively coupled to said wave antenna.

16. The apparatus of claim 15, wherein said resonating
ring is additionally coupled to said wireless communication
device so that the pressure placed on said wave antenna
when inside said tire will be placed in whole or in part on
said resonating ring to relieve mechanical stress on said
wireless communication device.

17. The apparatus of claim 14, wherein said at least two
different sections comprise a first section having a first
length to form a first antenna designed to operate at a first
operating frequency and a second section having a second
length to form a second antenna designed to operate at a
second operating frequency.

18. The apparatus of claim 17, wherein said first section
is coupled to said wireless communication device, and said
second section is coupled to said first section.

19. The apparatus of claim 17, wherein said second
section is bent into a plurality of subsections each having the
same length to form said second antenna.

20. The apparatus of claim 17, wherein said first section
is bent into a plurality of subsections each having the same
length to form said first antenna.

21. The apparatus of claim 20, wherein said second
section is bent into a plurality of subsections each having the
same length to form said second antenna.

22. A system for wirelessly communicating information
about a tire, comprising:

an interrogation reader;

a wireless communication device coupled to a wave
antenna that operates at a first frequency and is com-
prised of at least one conductor that is bent in at least
one position at an angle less than 180 degrees to form
at least two different sections;
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a tire wherein said wireless communication device is
mounted to the inside of said tire and wherein said
wireless communication device is adapted to wirelessly
communicate information relating to said tire to said
interrogation reader; and

a resonating ring coupled to said wave antenna wherein
said resonating ring forms a second antenna that oper-
ates at a second operating frequency.

23. The system of claim 22, wherein said resonating ring
is capacitively coupled to said wave antenna.

24. The system of claim 23, wherein said resonating ring
is additionally coupled to said wireless communication
device so that pressure placed on said wave antenna when
inside said tire will be placed in whole or in part on said
resonating ring to relieve mechanical stress on said wireless
communication device.

25. The system of claim 22, wherein said at least two
different sections comprise a first section having a first
length to form a first antenna designed to operate at a first
operating frequency and a second section having a second
length to form a second antenna designed to operate at a
second operating frequency.

26. The system of claim 25, wherein said first section is
coupled to said wireless communication device, and said
second section is coupled to said first section.

27. The system of claim 25, wherein said second section
is bent into a plurality of subsections each having the same
length to form said second antenna.

28. The system of claim 25, wherein said first section is
bent into a plurality of subsections each having the same
length to form said first antenna.

29. The system of claim 28, wherein said second section
is bent into a plurality of subsections each having the same
length to form said second antenna.
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PLANAR INVERTED F ANTENNA AND
METHOD OF MAKING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an antenna, and
more particularly to a planar inverted-F antenna (PIFA) used
in a portable electronic device.

2. Description of the Prior Art

With the development of wireless communication, more
and more portable electronic devices, for example note
book, install an antenna system for working in a Wireless
Local-area Network (WLAN). Transmitting and receiving
signals plays an important role in wireless communication
process. In recent years, a majority of WLAN bases on
Bluetooth technical standard or 802.11 technical standard.
Antenna in Bluetooth technical standard bases on 2.4 GHz
frequency band, and in 802.11 technical standard bases on
2.4 GHz and 5 GHz. So, antenna in notebook mostly works
in the above frequency bands at the present time.

However, user would not satisfy a portable wireless
communication devices only working in WLAN in the
future. It’s desired to make portable wireless communication
device working in Wireless Wide-area Network (WWAN).
The portable wireless communication device working in
WWAN can work and entertain in more broad area. WWAN
adopts two techniques, GSM and CDMA at present. How-
ever, a portable wireless communication device can work in
GSM unless it has an antenna working in the frequency band
of GSM. Antennas in notebook and other portable wireless
communication device mostly work in 2.4 GHz frequency
and 5 GHz frequency now. However, antennas of the mobile
phone working in GSM mostly cannot be set in notebook or
other portable wireless communication device because of
siZze or power.

For example, China Patent No. 2689482Y discloses a
PIFA capable of working on three frequency bands. The
antenna includes three radiating elements, respectively oper-
ating at 1800 GHz, 900 MHz, and 2450 MHz. So, the
antenna can be set in notebook or other portable wireless
communication device for working in GSM. However, this
antenna adopts solid structure, that is, the radiating ele-
ments, connection element, and grounding element respec-
tively locate in different planes. Complex configuration and
taking up more space result in the antenna going against
industrialization manufacture, wasting cost and breaching
trend of miniaturization development of antenna.

Hence, in this art, a planar inverted-F antenna to over-
come the above-mentioned disadvantages of the prior art
will be described in detail in the following embodiment.

BRIEF SUMMARY OF THE INVENTION

A primary object, therefore, of the present invention is to
provide a planar inverted-F antenna with simplified structure
and reduced size.

A second object, therefore, of the present invention is to
provide a method of manufacturing the antenna above.

In order to implement the above object and overcomes the
above-identified deficiencies in the prior art, the planar
inverted F antenna forming in a metal patch, comprises a
first radiating element and extending in a first direction, a
second radiating element and extending in a second direc-
tion different from the first direction, a grounding portion
and spacing with the first radiating element and the second
radiating element, an connecting portion connecting the first
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and the second radiating elements and the grounding por-
tion, and a feeder line comprising a inner conductor for
attaching to the connecting portion and a outer conductor for
attaching to the grounding portion. The first radiating ele-
ment has a first radiating portion and a second radiating
portion being perpendicular to the first radiating portion. The
connecting portion comprises a first portion, a second por-
tion paralleling the first portion and s third portion connect-
ing the first portion and the second portion.

Other objects, advantages and novel features of the inven-
tion will become more apparent from the following detailed
description of a preferred embodiment when taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top elevation view of a planar inverted-F
antenna in accordance with the present invention;

FIG. 2 is a horizontally polarized principle plane radiation
pattern of the antenna operating at the resonant frequency of
900 MHz;

FIG. 3 is a vertically polarized principle plane radiation
pattern of the antenna operating at the resonant frequency of
900 MHz;

FIG. 4 is a horizontally polarized principle plane radiation
pattern of the antenna operating at the resonant frequency of
1800 MHz;

FIG. 5 is a vertically polarized principle plane radiation
pattern of the antenna operating at the resonant frequency of
5.1800 MHz; and

FIG. 6 is a test chart recording of Voltage Standing Wave
Ratio (VSWR) of the inverted-F antenna as a function of
frequency.

DETAILED DESCRIPTION OF THE
INVENTION

Reference will now be made in detail to a preferred
embodiment of the present invention.

Referring to FIG. 1, a planar inverted-F antenna 1 accord-
ing to the present invention is made of a metal sheet and
comprises a radiating portion 2, a grounding portion 4, and
a connecting portion 3 connecting the radiating portion 2
and the grounding portion 4.

The radiating portion 2 comprises a first radiating element
21 operating at a lower frequency and a second radiating
element 22 operating at a higher frequency and extending
along a first direction. The first radiating element 21 is of
L-shape and comprises a first part 210 extending along the
first direction and parallel to the second radiating element 22
and a second part 211 extending along a second direction
from left end of the first part 210 toward the grounding
portion 4. The L-shape design of the first radiating element
21 is capable of avoiding adding the lateral size of the planar
inverted-F antenna 1. The connecting portion 3 comprises a
first side section 31 parallel to the second part 211 of the first
radiating element 21 and connecting the first radiating
element 21 and the second radiating element 22, a second
side section 32 extending along the first direction from a
lower end of the first side section 31 toward the second part
211, and a third side section 33 extending along the second
direction from left end of the second side section 32 to
terminate the second side section 32 with the grounding
portion 4, respectively. The grounding portion 4 is a rect-
angular piece connecting the third side section 33 and
parallel to the second side section 32. A feeding point 5
locates on the second side section 32 near the third side
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section 33. A feeding line 6 extends from feeding point 5 and
connects the grounding portion 4. The feeding line 6 com-
prises an inner conductor 61 soldered to the feeding point 5,
an inner insulating layer 63 enclosing the inner conductor
61, a metal braiding layer 62 soldered to the grounding
portion 4 and an outer insolating layer (not labeled).

The second, third side sections 32, 33 of the connecting
portion 3 and a longer edge of the grounding portion 4
together form a slot 7 with width equal to the length of the
third side section 33. High frequency of the second radiating
portion 22 can arrive at a more wider frequency band and a
more better radiation impression by changing the width of
the slot 7 i.e. the length of the third side section 33 and
location of the feeding point 5.

The first radiating element 21, the connecting portion 3,
and the grounding portion 4 together form a first planar
inverted-F antenna receiving and transmitting lower fre-
quency signal. The second radiating portion 22, the con-
necting portion 3, and the grounding portion 4 form a second
planar inverted F antenna receiving and transmitting higher
frequency signal.

FIGS. 2-5 show the horizontally polarized and vertically
polarized principle plane radiation patterns of the antenna 1
operating at the resonant frequency of 900 MHz and 1800
GHz. Note that each radiation pattern of the planar
inverted-F antenna 1 is close to corresponding optimal
radiation pattern and there is no obvious radiating blind area,
conforming to the practical use conditions of an antenna.

Referring to FIG. 6, sets forth a test chart recording of
Voltage Standing Wave Ratio (VSWR) of the antenna 1 as
a function of frequency. Note that VSWR drops below the
desirable maximum value “2” in the 880 M-920 MHz
frequency band and in the 1710-2180 MHz frequency band,
indicating acceptable efficient operation in these two wide
frequency bands, which cover more than the total bandwidth
of GSM (low frequency band includes 880-960 MHz, high
frequency band includes 1710-1880 MHz) and be provided
with more wider frequency band of the operating at high
frequency.

The method of making the same of the planar inverted-F
antenna 1 of the present invention comprises following
steps. Firstly, selecting a rectangle metal piece. Secondly,
calculating a required length of the radiating portion 2
according to the bands of 900 MHz and 1800 MHz. Thirdly,
calculating a length and shape of the connecting portion 3
according to required impendence matching. Fourth, achiev-
ing the radiating portion 2, the connecting portion 3, and the
grounding portion 4 by digging slots in the rectangle metal
piece according to the calculations. Fifth, calculating the
location of the feeding point 5 and providing the feeding line
6 connecting to the feeding point 5 according to impendence
matching.

It is to be understood, however, that even though numer-
ous 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 arrange-
ment 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 planar inverted-F antenna adapted for used in an
electronic device, comprising:

a grounding portion;

a radiating portion comprising a first radiating element

substantially operating around 900 MHz frequency
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band and a second radiating element substantially oper-
ating around 1800 MHz frequency band; and

a connecting portion connecting the radiating portion and
the grounding portion; and wherein

the grounding portion, the radiating portion, and the
connecting portion locate in the same plane; wherein

the first radiating element and the second radiating ele-
ment parallel to each other and extend along a first
direction; wherein

the connecting portion comprises first, second, and third
side sections connecting with one another in turn;
wherein

said first side section is electrically connected to a joint of
said first and second radiating elements, said first and
second radiating elements extend along said first direc-
tion both from the first side section.

2. The planar inverted-F antenna as claimed in claim 1,
wherein the first radiating element is of L-shape and com-
prises a first part parallel to the second radiating element and
a second part extending along a second direction and being
perpendicular with the first part.

3. The planar inverted-F antenna as claimed in claim 1,
wherein said first side section is electrically connected to
said radiating portion, said third side section being offset
from said first side section and being electrically connected
to said grounding portion, said second side section electri-
cally interconnecting said first and third side sections.

4. The planar inverted-F antenna as claimed in claim 3,
wherein the outer edges of said third side section, said
grounding portion, and said second part locate in one
straightness line.

5. The planar inverted-F antenna as claimed in claim 1,
wherein the second side section, the third side section, and
the grounding portion together form a modulating slot.

6. The planar inverted-F antenna as claimed in claim 3,
wherein a feeding point is adjustably located on the second
side section.

7. The planar inverted-F antenna as claimed in claim 6,
further comprising a feeding line comprising an inner con-
ductor electrically connected to said feeding point and a
braiding layer electrically connected to said grounding por-
tion.

8. A method of making a planar inverted-F antenna
comprising the following steps:

a) choosing a rectangle metal piece;

b) calculating a required length of a radiating portion, the
radiating portion composing a first radiating element
substantially operating around 900 MHz and a second
radiating element substantially operating round 1800
MHz of the planar inverted-F antenna;

¢) calculating a length and shape of a connecting portion
of the planar inverted-F antenna according to requiring
impendence matching;

d) achieving the radiating portion, the connecting portion,
and a grounding portion of the planar inverted-F
antenna by digging slots in the rectangle metal piece
according to said calculations; and

e) calculating the location of a feeding point and provid-
ing a feeding line be electrically connected to the
feeding point according to said impendence matching;
wherein

the connecting portion comprises first, second, and third
side sections electrically connecting with one another
in turn; wherein
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said first side section be electrically connected to a joint
of'said first and second radiating elements, said first and
second radiating elements extend along said first direc-
tion.

9. The method of making the planar inverted-F antenna as
claimed in claim 8, wherein the second radiating element
extends along a first direction, the first radiating element is
of L-shape and comprises a first part parallel to the second
element and a second part extend along a second direction
being perpendicular to the first direction.

10. The method of making the planar inverted-F antenna
as claimed in claim 8, wherein said first side section being
electrically connected to said radiating portion, said third
side section being offset from said first side section and
being electrically connected to said grounding portion, said
second side section electrically interconnecting said first and
third side sections.

11. The method of making the planar inverted-F antenna
as claimed in claim 8, wherein the outer edges of said third
side section, said grounding potion, and said second part
locate in one straightness line.

12. The method of making the planar inverted-F antenna
as claimed in claim 11, wherein the second side section, the
third side section, and the grounding portion together form
a modulating slot.

13. The method of making the planar inverted-F antenna
as claimed in claim 10, wherein the feeding point is adjust-
ably located on the second side section; further providing a
feeding line comprising a inner conductor electrically con-
nected to said feeding point and a braiding layer electrically
connected to said grounding portion.

14. An antenna comprising:

a ground portion;

a low frequency radiation portion and a high frequency
radiation portion essentially distantly respectively
located beside the ground portion in a parallel relation
thereto, the low frequency radiation portion being
closer to the ground portion than the high frequency
radiation portion;

a multiple sectional connection portion linked between
the ground portion and the low frequency radiation
portion;
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a feeder cable including an inner conductor mechanically
and electrically connected to the connection portion,
and an outer conductor mechanically and electrically
connected to the ground portion.

15. The antenna as claimed in claim 14, wherein the low
frequency radiating portion further extends at least with one
section angled to the ground portion within a space formed
between the low frequency radiation portion and the ground
portion.

16. The antenna as claimed in claim 14, wherein said
connection defines a Z-shaped configuration having an end
region connected to the ground portion and the other con-
nected to a common area where both said low frequency
radiation portion and said high frequency radiation portion
are connected.

17. The antenna as claimed in claim 16, wherein said low
frequency radiation portion is composed of an L-shaped
configuration.

18. The antenna as claimed in claim 16, wherein said
L-shaped configuration including a long section and a short
section under a condition that the long section extends along
a direction parallel to the high frequency radiation portion,
and a short section extending perpendicular to said long
section.

19. The antenna as claimed in claim 18, wherein said long
section extends with a length similar to a dimension of said
ground portion along said direction.

20. The antenna as claimed in claim 14, further including
a first slot defined between the ground portion and the
connection portion and open to a first lateral side, a second
slot defined between the connection portion and the low
frequency radiation portion and open to a second lateral side
opposite to the first lateral side, and a third slot defined
between the low frequency radiation portion and the high
frequency radiation portion and open to said second lateral
side.
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MINIATURE VERTICALLY POLARIZED
MULTIPLE FREQUENCY BAND ANTENNA
AND METHOD OF PROVIDING AN
ANTENNA FOR A WIRELESS DEVICE

FIELD OF THE INVENTION

This invention relates in general to wireless communica-
tion devices, and more specifically to tunable, multiple-
frequency, miniature monopole antennas for wireless com-
munication devices.

BACKGROUND OF THE INVENTION

Wireless communication devices generally refer to com-
munications terminals that provide a wireless communica-
tions link to one or more other communications terminals or
equipment. Wireless communication devices may be used in
a variety of different applications, including cellular tele-
phone, land-mobile (e.g., police and fire departments), sat-
ellite communications systems, wireless Local Area Net-
works, and the like. Wireless communication devices
typically include an antenna for transmitting and/or receiv-
ing wireless communications signals. In the current wireless
communication environment, wireless communication
devices require the ability to use broad or multiple frequency
bands. Such devices may need to work in geographical areas
with different local communications frequencies. In addi-
tion, the recent trend is to further miniaturize such devices
and to make the antenna invisible. However, it is difficult to
satisfy these requirements while maintaining high efficiency
and a desired radiation pattern, and the manufacture of such
antennas is relatively complicated and expensive.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, where like reference numerals
refer to identical or functionally similar elements throughout
the separate views and which together with the detailed
description below are incorporated in and form part of the
specification, serve to further illustrate various embodiments
and to explain various principles and advantages all in
accordance with the present invention.

FIG. 1 is a diagrammatic top view of a substrate that
includes an antenna;

FIG. 2 is a diagrammatic cross sectional view taken along
the plane indicated by the line 2-2 in FIG. 1;

FIG. 3 is a diagrammatic cross sectional view like FIG. 2
of a second embodiment of the invention;

FIG. 4 is a diagrammatic top view of the antenna showing
a further embodiment of the invention;

FIG. 5 is a schematic diagram of a tuning circuit coupled
to the antenna of FIG. 1;

FIG. 6 is a table showing various resonant frequencies of
the antenna of the present invention in relation to various
capacitances of the tuning circuit.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In overview, the present disclosure concerns communi-
cations devices and systems that provide services such as
voice and data communications services to communications
devices or units, often referred to as subscriber devices, such
as cellular phones and two-way radios and the like and more
specifically to concepts and principles for providing small
antennas for such devices.
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The communications systems and communications
devices that are of particular interest are those that provide
or facilitate voice communications services or data or mes-
saging services, such as conventional two way systems and
devices, various cellular phone systems including analog
and digital cellular, CDMA (code division multiple access)
and variants thereof, GSM, GPRS (General Packet Radio
System), 2.5 G and 3G systems such as UMTS (Universal
Mobile Telecommunication Service) systems, integrated
digital enhanced networks and variants or evolutions
thereof. Similarly, the communication systems and devices
can include LAN (local area network) systems that employ
anyone of a number of networking protocols, such as TCP/IP
(Transmission Control Protocol/Internet Protocol), Apple-
Talk™, IPX/SPX (Inter-Packet Exchange/Sequential Packet
Exchange), Net BIOS (Network Basic Input Output System)
or any other packet structures.

As further discussed below various inventive principles
and combinations thereof are advantageously employed to
provide an antenna that is small and inexpensive for a
wireless communication device, thus alleviating various
problems associated with known antennas and wireless
devices provided these principles or equivalents thereof are
utilized.

The instant disclosure is provided to further explain in an
enabling fashion the best modes of making and using
various embodiments in accordance with the present inven-
tion. The disclosure is further offered to enhance an under-
standing and appreciation for the inventive principles and
advantages thereof, rather than to limit in any manner the
invention. The invention is defined solely by the appended
claims including any amendments made during the pen-
dency of this application and all equivalents of those claims
as issued.

It is further understood that the use of relational terms, if
any, such as first and second, top and bottom, upper and
lower and the like are used solely to distinguish one from
another entity or action without necessarily requiring or
implying any actual such relationship or order between such
entities or actions.

Much of the inventive functionality and many of the
inventive principles are best implemented with or in various
substrate technologies. It is expected that one of ordinary
skill, notwithstanding possibly significant effort and many
design choices motivated by, for example, available time,
current technology, and economic considerations, when
guided by the concepts and principles disclosed herein will
be readily capable of generating such substrates with mini-
mal experimentation. Therefore, in the interest of brevity
and minimization of any risk of obscuring the principles and
concepts according to the present invention, further discus-
sion of such substrate technologies, if any, will be limited to
the essentials with respect to the principles and concepts
used by the preferred embodiments.

FIGS. 1 and 2 illustrate an antenna 10 and a wireless
communication device that includes the antenna 10. The
antenna 10 includes a substantially straight main member
12, and the main member 12 is metal and is embedded in a
substrate 11. The antenna 10 also includes a first lateral
member 14, a central part of which is electrically coupled to
an upper end of the main member 12 such that the main
member 12 and the first lateral member 14 generally form a
T shape. A second lateral member 16, a central part of which
is electrically coupled to the main member 12, is spaced
from and parallel to the first lateral member 14. The second
lateral member 16 is embedded in the substrate 11.
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FIG. 2 shows a first embodiment of a wireless commu-
nication device including a receiver and a transmitter and the
antenna 10. The antenna 10 is a vertical radiator that can
resonate at multiple frequencies. Thus, a wireless device that
employs the antenna 10 has multiple-frequency tuning capa-
bility. The frequency at which the antenna 10 operates is
determined by factors such as the length of the elements 12,
14, 16, capacitive loading and the material surrounding the
antenna 10; however, experimentally the antenna 10 was
made to operate at frequencies from about 1.5 to about 3.5
GHz. Incidentally, the figures are not to scale and are merely
diagrammatic.

The antenna 10 has vertical polarization and an omni-
directional radiation pattern. Vertical polarization is pre-
ferred to minimize the multipath problem present in many
wireless devices.

Referring to FIG. 2, the antenna 10 is generally a vertical,
one quarter wave monopole type antenna. The exact length
of the antenna 10 depends on many factors, such as the
material of the substrate 11 and the reactive loading of the
antenna 10 and the desired resonant frequency. One purpose
of the present invention is to provide a miniature antenna.
Thus, the antenna 10 has been shortened, with respect to a
length of one-fourth of the wavelength at the desired fre-
quency, by both reactive loading and by embedding the
antenna 10 in material having a relatively high dielectric
constant, as discussed below. In an experimental prototype
designed to operate at about 2.4 GHz, the length of the
antenna 10 was approximately 0.4 inches. Thus, the antenna
10 is approximately one third of the length of a quarter
wavelength antenna operating at 2.4 GHz.

The length of the antenna 10 is affected by the dielectric
constant of the material that surrounds it. Embedding the
antenna 10 in the substrate 11 reduces the length of the
antenna 10 by a factor of 1/sqrt(Er), where Er is the
dielectric constant of the material in which the antenna 10 is
embedded. In other words, in comparison to an antenna
surrounded by air, the length of an antenna is shortened by
a factor of the reciprocal of the square root of the dielectric
constant of the material surrounding the antenna.

As shown in FIG. 2, the main member 12 is embedded in
the substrate 11 and is perpendicular to the plane of the
substrate 11. The main member 12 is metal and may be a
solid wire or a plated through hole, or via hole 34. FIG. 2
shows the main member 12 as a solid wire, and FIG. 4 shows
an alternative embodiment in which a main member 412 is
formed by a plated through hole. Thus, the main member 12,
412 is formed with a conventional circuit board component
and is relatively simple to make.

The substrate 11 is preferably a multi-layered circuit
board, as shown in the figures. The substrate 11 of the
embodiment of FIG. 2 includes a bottom layer 18, a middle
layer 20, and an upper layer 22. The material of the substrate
11 can be any of several conventional circuit board materials
such as glass epoxy, however, materials with relatively high
dielectric constants are preferred. For example, the layers of
the substrate 11 may be made of FR4, which is a common
circuit board material of glass epoxy. In the case of FR4, the
dielectric constant is approximately 4.5. The reciprocal of
the square root of 4.5 is 0.47. Thus, when embedded in FR4,
the antenna 10 can be shortened by a factor of 0.47, in
comparison to a one-quarter wavelength antenna that oper-
ates at the same frequency. The antenna 10 can be embedded
in other materials with higher dielectric constants to further
reduce the length of the antenna 10.

The length of the antenna 10 can also be reduced by
reactive loading. In other words, adding reactance, in this
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case, capacitance, to an antenna effectively lengthens the
antenna. Even without tuning circuits coupled to the antenna
10, the first and second lateral members 14, 16 add capaci-
tance to the antenna 10 and thus permit a reduction in the
length of the antenna 10. As discussed later, in the preferred
embodiment, tuning circuits are coupled to the antenna 10,
which add capacitance and permit further shortening of the
antenna 10.

The first lateral member 14 is a thin, flat metal strip, which
is located on the upper surface of the upper layer 22 of the
substrate 11. The first lateral member 14 is parallel to a lower
ground plane 24. The first lateral member 14 may be etched
from a layer of metal initially covering the surface of the
substrate 11. Alternatively, the first lateral member 14 may
be formed by any conventional means for placing metal
traces on printed circuit boards.

The second lateral member 16 is also a thin, flat metal
strip, which is located between adjacent layers of the sub-
strate 11. In the illustrated embodiment, the second lateral
member 16 is located between the middle layer 20 and the
upper layer 22 of the substrate 11; however, the number of
layers is arbitrary and depends on the particular require-
ments of the device. The second lateral member 16 is
parallel to and spaced from the first lateral member 14 in a
direction perpendicular to the plane of the substrate 11. As
shown in the drawings, it is preferred that the second lateral
member 16 be located approximately midway along the
length of the main member. The second lateral member 16
is formed by any conventional method of forming a metal
trace on a circuit board. The second lateral member 16 is
formed on a surface of a middle layer 20 of the substrate 11
before the substrate 11 is laminated. After the second lateral
member 16 is formed, the substrate 11 is laminated, which
places the second lateral member 16 between adjacent layers
and thus embeds the second lateral member 16 in the
substrate 11.

The lengths of the first lateral member 14 and the second
lateral member 16 are set according to the desired resonance.
However, if a tuning circuit is used, as discussed below, the
length is not particularly important, since the tuning circuit
can be used to adjust the resonant frequency of the antenna
10. The lengths of the lateral members 14, 16 need not be the
same.

The traces forming the first and second lateral members
14, 16 serve to retain radiation efficiency. That is, shortening
an antenna generally reduces the efficiency of the antenna.
However, the lateral members 14, 16 improve the efficiency
and somewhat offset the losses of shortening the antenna 10.
The efficiency of an experimental prototype was greater than
50%.

The provision of two lateral strips improves the tuning
range of the antenna 10 as compared with a similar antenna
having only one lateral strip. That is, it is believed that each
of the lateral members 14, 16 acts as a capacitor and
provides a separate resonant frequency at which the antenna
10 operates. Thus, the antenna 10 is a multi-frequency
antenna and can operate in two narrow frequency bands or
a single wide frequency band.

As shown in FIG. 2, the lower end of the main member
forms an antenna port 29, by which the antenna 10 is
coupled to a transmitter or a receiver. A metal strip (not
shown) may be used to couple the lower end of the main
member 12 to, for example, an antenna switch. The main
member 12 preferably terminates at the interface between
two adjacent layers of the substrate 11. A metal strip located
between the two adjacent layers can be coupled to the lower
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end of the main member 12 to facilitate coupling of the
antenna 10 to an antenna switch.

The substrate 11 of the preferred and illustrated embodi-
ment includes an upper ground plane 26 and the lower
ground plane 24, and the main member 12 is perpendicular
to the ground planes. The ground planes are metal layers,
such as copper layers, which are laminated with the layers
of the substrate 11. The upper ground plane 26 may be
formed by the same metal layer that forms the upper lateral
member, in which case the first lateral member 14 and the
upper ground plane 26 have the same thickness, as illus-
trated in FIG. 2. The metal in areas where no metal should
exist may be removed by etching, for example, for forming
various parts of the communication device. Although not
depicted in FIG. 1, it is preferred that the upper ground plane
26 be spaced from the first lateral member 14 as far as
possible to avoid interference by the upper ground plane 26
with the radiation pattern of the antenna 10. For the same
reason, the upper ground plane 26 should be as small as
possible. The upper ground plane 26 is electrically coupled
to the lower ground plane 24 through at least one via hole 34.

Although the antenna 10 may be used without a tuning
circuit, it is preferred that at least one tuning circuit is
coupled to the antenna 10 for electronically varying the
resonance of the antenna 10. In the preferred embodiment,
one tuning circuit is coupled to each end of one of the lateral
members; however, alternatively, one tuning circuit may be
connected to only one end of one of the lateral members.
FIG. 1 shows the tuning circuit in the form of a box, and
FIG. 5 shows a schematic view of an exemplary tuning
circuit.

In the embodiment of FIGS. 1 and 2, a first tuning circuit
is coupled to a first end of the first, or upper, lateral member
14, and the device includes a second tuning circuit coupled
to a second end of the upper lateral member 14. As shown
in FIG. 1, a first variable DC voltage source 230 is coupled
to the first tuning circuit 30, and a second variable DC
voltage source 232 is coupled to the second tuning circuit
32.

The variable voltage sources 230, 232 control the reso-
nance of the antenna 10 as discussed below.

The first lateral member 14 and the tuning circuits 30, 32
are located on the upper layer 22 of the substrate 11. That is,
the lateral member to which the tuning circuits 30, 32 are
coupled and the tuning circuits 30, 32 are located on the
same layer of the substrate 11. This facilitates the manufac-
ture of the wireless communication device. That is, having
the tuning circuits and the upper lateral member on the same
plane makes it easier to connect them electronically with
conventional manufacturing techniques. Preferably, also, the
variable voltage sources 230, 232 are located on the same
substrate layer as the associated tuning circuits 30, 32.

The purpose of the tuning circuits is to electronically alter
the frequencies at which the antenna 10 resonates. This can
be accomplished in many ways, one of which is to couple a
reactance to the antenna 10. The reactance is preferably a
capacitive reactance, but may be a combination of a capaci-
tive reactance and inductive reactance. The resonance of the
antenna 10 depends on the reactance applied to the antenna
10.

FIG. 5 shows a detailed schematic of a tuning circuit that
can be used for tuning the antenna 10. FIG. 5 shows only the
second tuning circuit, however, the first tuning circuit is
preferably a mirror image of the second tuning circuit.

The tuning circuit of FIG. 5 includes a varactor diode 244,
which is employed to add the capacitive reactance to the
antenna 10. A varactor diode behaves like a variable capaci-
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tor. The capacitance of the varactor diode 244 is dependent
on a voltage applied to the varactor diode 244. In FIG. 5, one
end of the varactor diode 244 is coupled to a second end of
the first lateral member 14. The other end of the varactor
diode 244 is connected to ground, which in this case is the
upper ground plane 26.

As shown in FIG. 5, a variable DC voltage source 232 is
coupled to the varactor diode 244, to vary the capacitance
added to the antenna 10. By varying the voltage applied to
the varactor diode 244, the capacitance of the diode 244 can
be varied. Variation of the voltages of the variable DC
voltage sources 230, 232 thus changes the resonant fre-
quency of the antenna 10. The table of FIG. 5 shows various
first capacitances and second capacitances in relation to
approximate resonant frequencies that were determined for
an experimental prototype of the antenna 10. In the table of
FIG. 6, the first capacitance is the capacitance of the first
varactor diode, not shown, of the first tuning circuit 30, and
the second capacitance is the capacitance of the second
varactor diode 244 of the second tuning circuit 32. FIG. 6
illustrates the multi-frequency nature of the antenna 10.
Though not illustrated, a processor may be connected to the
variable DC voltage sources 230, 232 to control their output
voltages.

In FIG. 5, the variable DC voltage source 232 is con-
nected to the varactor diode through a resistor 236 and an
inductor 240. The resistor 236 is simply for limiting current.
The inductor 240 serves to block high frequency signals,
such as those radiated by the antenna, from reaching the
voltage source 232 and thus resulting in unexpected and
undesired loading for the antenna.

The effect of surrounding the antenna 10 with material of
a predetermined dielectric constant and the capacitive load-
ing is to reduce the length of the antenna 10 to approxi-
mately one-third of the length it would have as a quarter
wavelength monopole antenna operating at the same fre-
quency. Thus, for example, the height of a conventional
monopole antenna operating in the range of 2.4 GHz is 1.229
inches, and the height of a prototype antenna shortened
according to the present invention operating in the same
frequency range was 0.400 inches. Therefore, the antenna 10
is well suited for miniature wireless communication devices.

FIG. 3 shows a second embodiment of the invention. The
wireless device of the second embodiment includes an
antenna 310. The antenna 310 includes a main member 312,
a first lateral member 314, a second lateral member 316, and
aport 329. The main member 312 is embedded in a substrate
311 as shown. Again, the main member 312 may be a solid
wire, as shown in FIG. 3, or a hollow via hole, as shown in
FIG. 4. The substrate 311 includes a lower ground plane 324,
a bottom layer 318, a middle layer 320, an upper layer 322,
and an upper ground plane 326. The lower ground plane 324
is coupled to the upper ground plane 326 by a via hole 334.
A first tuning circuit 330 and a second tuning circuit 332 are
located on the same plane as the second lateral member 316
and are connected to the second lateral member 316.

The wireless communication device of the second
embodiment is like that of the first embodiment, except that
the tuning circuits 330, 332 are coupled to the second lateral
member 316 instead of the first lateral member 314 and are
located on the middle layer 320. The upper layer 322 of the
substrate 311 is smaller than the corresponding layer 22 of
the first embodiment to make room on the middle layer 320
for accommodating the tuning circuits 330, 332 and the
upper ground plane 326. In other words, in the second
embodiment, the first lateral member 314 is located on a first
layer of the substrate 311, and the tuning circuits 330, 332
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and the second lateral member 316 are located on a second
layer 320 of the substrate 311. The second lateral member
316 is coplanar with the upper ground plane 326 in the
second embodiment. The antenna 310 of the second embodi-
ment may be used to reduce the overall height of the
substrate, since components can be located on the middle
layer 320 rather than the upper layer.

In a further embodiment (not illustrated), the substrate 11
may be a silicon substrate, and the antenna 10 can be
manufactured and embedded using conventional semicon-
ductor manufacturing techniques. In this case, further, the
components of the tuning circuits 30, 32 can also be manu-
factured on the same substrate using conventional semicon-
ductor manufacturing techniques.

The arrangement of the antenna parts facilitates manu-
facture, as mentioned above. The manufacturing process of
the antenna 10 includes forming a first metal strip 14 on a
first substrate layer 22; and forming a second metal strip 16
on a second substrate layer 20. The method includes stack-
ing, or laminating, the first substrate layer 22 on the first
substrate layer 20 to form a layered substrate 11 such that the
first metal strip 16 is parallel to and spaced apart from the
second metal strip 14. The first metal strip 14 may be formed
before or after the layers are stacked, or laminated. The first
metal strip 16 is coupled to the second metal strip 14 with
a main antenna member 12, which is perpendicular to the
first metal strip 14 and the second metal strip 16. The method
may include forming the main antenna member 12 by
forming a hole in the layered substrate 11 and by placing
metal material in the hole. The main antenna member 12
may be formed after the layers 20, 22 of the substrate 11 are
laminated. Alternatively, the main antenna member 12 may
be formed in sections in the individual layers 20, 22 prior to
lamination. Further, the method may include placing a
tuning circuit for tuning the antenna 10 on the same substrate
layer as the second metal strip 16. Alternatively, the method
may include placing a tuning circuit on the same substrate
layer as the first metal strip 14.

The apparatus and methods discussed above and the
inventive principles thereof are intended to and will alleviate
problems caused by prior antennas and wireless communi-
cation devices. Using these principles of miniaturization and
manufacturing will facilitate the availability of efficient,
lower cost devices thus contributing to user satisfaction. It is
expected that one of ordinary skill given the above described
principles, concepts and examples will be able to implement
other alternative procedures and constructions that offer the
same benefits. It is anticipated that the claims below cover
many such other examples.

This disclosure is intended to explain how to fashion and
use various embodiments in accordance with the invention
rather than to limit the true, intended, and fair scope and
spirit thereof. The foregoing description is not intended to be
exhaustive or to limit the invention to the precise form
disclosed. Modifications or variations are possible in light of
the above teachings. The embodiment(s) was chosen and
described to provide the best illustration of the principles of
the invention and its practical application, and to enable one
of ordinary skill in the art to utilize the invention in various
embodiments and with various modifications as are suited to
the particular use contemplated. All such modifications and
variations are within the scope of the invention as deter-
mined by the appended claims, as may be amended during
the pendency of this application for patent, and all equiva-
lents thereof, when interpreted in accordance with the
breadth to which they are fairly, legally, and equitably
entitled.
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What is claimed is:

1. An antenna comprising:

a substantially straight main member, wherein the main
member is metal and is embedded in a substrate, the
main member generally perpendicular to a plane of the
substrate and passing through a portion of the substrate;

a first lateral member, a central part of which is electri-
cally coupled to an upper end of the main member such
that the main member and the first lateral member
generally form a T shape, the first lateral member
having a generally rectangular shape when viewed
from above the T shape;

a second lateral member, a central part of which is
electrically coupled to the main member, wherein the
second lateral member is spaced from and parallel to
the first lateral member, and the second lateral member
is embedded in the substrate; and

a turning circuit coupled to the antenna for varying
resonance of the antenna, wherein the first lateral
member and the turning circuit are located on a same
layer of the substrate.

2. The antenna of claim 1, wherein the first lateral member
is a thin, flat metal strip, which is located on an upper surface
of the substrate.

3. The antenna of claim 1, wherein the substrate is a
multi-layer substrate, and the second lateral member is a
thin, flat metal ship located between adjacent layers of the
substrate.

4. The antenna of claim 1 wherein the tuning circuit
further includes a first tuning circuit coupled to a first end of
the first lateral member and a second tuning circuit coupled
to a second end of the first lateral member.

5. The antenna of claim 1, wherein the tuning circuit
includes a varactor diode, which adds capacitance to the
antenna.

6. The antenna of claim 5, wherein a variable voltage
source is coupled to the varactor diode to vary capacitance
added to the antenna.

7. The antenna of claim 5, wherein the tuning circuit
includes a variable voltage source, which is coupled to the
varactor diode for varying a voltage applied to the varactor
diode.

8. The antenna of claim 1, wherein a variable DC voltage
source is coupled to the tuning circuit, wherein a variation
of the voltage of the variable DC voltage source changes a
resonant frequency of the antenna.

9. The antenna of claim 1, wherein the substrate includes
a ground plane, and the main member is perpendicular to the
ground plane.

10. The antenna of claim 1, wherein a lower end of the
main member forms an antenna port, by which the antenna
is coupled to a transmitter or a receiver.

11. An antenna comprising:

a substantially straight main member, wherein the main
member is metal and is embedded in a substrate, the
main member generally perpendicular to a plane of the
substrate and passing through a portion of the substrate;

a first lateral member, a central part of which is electri-
cally coupled to an upper end of the main member such
that the main member and the first lateral member
generally form a T shape, the first lateral member
having a generally rectangular shape when viewed
from above the T shape;

a second lateral member, a central part of which is
electrically coupled to the main member, wherein the
second lateral member is spaced from and parallel to
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the first lateral member, and the second lateral member
is embedded in the substrate; and

atuning circuit comprising a first tuning circuit coupled to
a first end of the second lateral member and a second
tuning circuit coupled to a second end of the second
lateral member.

12. The antenna of claim 11, wherein the first lateral
member is located on a first layer of the substrate, and the
tuning circuit and the second lateral member are located on
a second layer of the substrate.

13. The antenna of claim 11, wherein the substrate is a
multi-layer substrate, and the second lateral member is a
thin, flat metal strip located between adjacent layers of the
substrate.

14. The antenna of claim 11, wherein the tuning circuit
includes a varactor diode, which adds capacitance to the
antenna.

15. The antenna of claim 11, wherein a variable DC
voltage source is coupled to the tuning circuit, wherein a
variation of the voltage of the variable DC voltage source
changes a resonant frequency of the antenna.

16. An antenna comprising:

a substantially straight main member, wherein the main
member is metal and is embedded in a substrate, the
main member generally perpendicular to a plane of the
substrate and passing through a portion of the substrate;

a first lateral member, a central part of which is electri-
cally coupled to an upper end of the main member such
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that the main member and the first lateral member
generally form a T shape, the first lateral member
having a generally rectangular shape when viewed
from above the T shape; and

a second lateral member, a central part of which is
electrically coupled to the main member, wherein the
second lateral member is spaced from and parallel to
the first lateral member, and the second lateral member
is embedded in the substrate,

wherein the substrate includes an upper ground plane and
a lower ground plane, and the first lateral member is
coplanar with the upper ground plane.

17. The antenna of claim 16, wherein the second lateral
member is coplanar with the upper ground plane.

18. The antenna of claim 16 further including a tuning
circuit coupled to the antenna for varying resonance of the
antenna.

19. The antenna of claim 18 wherein the tuning circuit
farther includes a first tuning circuit coupled to a first end of
the first lateral member and a second tuning circuit coupled
to a second end of the first lateral member.

20. The antenna of claim 18, wherein the tuning circuit
includes a varactor diode, which adds capacitance to the
antenna.
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(57) ABSTRACT

The present invention provides an antenna duplexer com-
prising a transmitting filter and a receiving filter which are
mounted on a package, a transmitting signal input pad and
a transmitting signal output pad which are connected to
input and output ends of the transmitting filter, a receiving
signal input pad and a receiving signal output pad which are
connected to input and output ends of the receiving filter,
and at least one grounding pad. The pads are arranged, on a
surface of the package, along at least two sides of four sides
of a quadrangle. The transmitting signal input pad and the
receiving signal output pad are disposed at diagonal posi-
tions of the quadrangle and are furthest away from one
another.
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1
ANTENNA DUPLEXER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to antenna duplexers
mounted on portable telephones, etc.

2. Description of Related Art

As shown in FIG. 3, an antenna duplexer 80 comprises an
antenna terminal ANT to be connected to an antenna, a
transmitting signal terminal Tx to be connected to a trans-
mitting circuit, and a receiving signal terminal Rx to be
connected to a receiving circuit. The antenna terminal ANT
is connected to the transmitting signal terminal Tx and the
receiving signal terminal Rx via a branchpoint 10. A trans-
mitting filter 51 comprising a surface acoustic wave device
is interposed on a signal line connected to the transmitting
signal terminal Tx through the branchpoint 10 while a
receiving filter 41 comprising a surface acoustic wave
device is interposed on a signal line connected to the
receiving signal terminal Rx through the branchpoint 10 (see
JP-A-340781/1999).

Furthermore interposed between the branchpoint 10 and
the receiving filter 41 is a phase-matching strip line 7 for
phase rotation, to match the phases between the transmitting
filter 51 and the receiving filter 41 (see JP-A-307383/2000).
Incidentally the phase-matching strip line 7 is interposed
between the branchpoint 10 and the filter having a higher
pass band of the transmitting filter 51 and the receiving filter
41.

FIG. 4 shows the construction of the antenna duplexer 80
which is enclosed in a package. The transmitting filter 51
and the receiving filter 41 are mounted on a surface of a
multilayer ceramic package 82. Arranged into two rows in
the surrounding area of the filters 51, 41 are a transmitting
signal input pad 9a and a transmitting signal output pad 95
to be connected to input-output terminals of the transmitting
filter 51, a receiving signal input pad 9¢ and a receiving
signal output pad 94 to be connected to input-output termi-
nals of the receiving filter 41, and a plurality of grounding
pads 91 (see JP-A-340781/1999).

With the antenna duplexer, when a signal is to be trans-
mitted, the signal received by the transmitting signal termi-
nal Tx passes through the transmitting filter 51 and thereafter
is fed from the antenna terminal ANT to an antenna. In this
case there occurs a phenomenon that the signal received by
the transmitting signal terminal Tx sneaks around to the
receiving signal terminal Rx, so that there is a need to take
sufficient isolation measures against the phenomenon.

Accordingly with the conventional antenna duplexer,
various isolation measures are heretofore taken to a signal
path from the transmitting signal terminal Tx to the receiv-
ing signal terminal Rx via the transmitting filter 51 and the
receiving filter 41. However, the conventional antenna
duplexer has not yet achieved the sufficient isolation effect,
and therefore there is still room for more improvement.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an antenna
duplexer having a simple construction and achieving a
higher isolation effect than conventionally.

We have conducted intensive research and found the
cause of failing to achieve a sufficient isolation effect with
the conventional antenna duplexer. Based on the result we
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have succeeded in developing an antenna duplexer for
achieving a further higher isolation effect than convention-
ally.

With the conventional antenna duplexer, as shown in FIG.
4, a transmitting signal input pad 9a and a receiving signal
output pad 9d are arranged inwardly from grounding pads
91e, 911 on end portions, respectively. The two pads 9a, 94
are, therefore, positioned in proximity to one another.
Accordingly, as indicated by an arrow in FIG. 4, some of
signals input from a transmitting signal terminal Tx to the
transmitting signal input pad 9a directly sneaks around to
the receiving signal output pad 94 and is fed from the
receiving signal output pad 94 to a receiving signal terminal
Rx.

The antenna duplexer embodying the present invention
comprises a transmitting filter 51 and a receiving filter 41
which are mounted on a package 83, a transmitting signal
input pad 94 and a transmitting signal output pad 956 which
are connected to input and output ends of the transmitting
filter 51, a receiving signal input pad 9¢ and a receiving
signal output pad 94 which are connected to input and output
ends of the receiving filter 41, and at least one grounding pad
91. The pads 9a, 956, 9¢, 94, 91 are arranged, on a surface of
the package 83, along at least two sides of four sides of a
quadrangle. The transmitting signal input pad 9a and the
receiving signal output pad 94 are disposed at diagonal
positions of the quadrangle and are furthest away from one
another.

Stated more specifically, an antenna terminal ANT, a
transmitting signal terminal Tx, and a receiving signal
terminal Rx are arranged on side surfaces of the package 83.
The transmitting signal input pad 9a is connected to the
transmitting signal terminal Tx, the transmitting signal out-
put pad 95 and the receiving signal input pad 9c¢ are
connected to the antenna terminal ANT, the receiving signal
output pad 94 is connected to the receiving signal terminal
Rx.

With the antenna duplexer of the present invention, the
distance between the transmitting signal input pad 9a and
the receiving signal output pad 94 is made greater than the
conventional antenna duplexer, thus inhibiting the signal
received by the transmitting signal input pad 9a from
sneaking around to the receiving signal output pad 9d, to
improve the isolation characteristics.

It is not conventionally recognized that a slight difference
of distance between the transmitting signal input pad 9a and
the receiving signal output pad 94 exerts a great influence on
the signal sneaking between the two pads. According to the
present invention, enlarging the distance to maximum
improves the isolation characteristics.

As described above, the antenna duplexer of the present
invention can achieve a higher isolation effect than conven-
tionally with the simple structure wherein the positions of
the transmitting signal input pad 9a and the receiving signal
output pad 94 are merely altered.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of an antenna duplexer embodying
the present invention;

FIG. 2 is a view in section of the antenna duplexer;

FIG. 3 is a block diagram showing the circuit construction
of the antenna duplexer;

FIG. 4 is s plan view of the conventional antenna
duplexer;

FIG. 5 is a graph showing the isolation characteristics of
the antenna duplexer of the present invention;
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FIG. 6 is a graph showing the isolation characteristics of
the conventional antenna duplexer.

DETAILED DESCRIPTION OF THE
INVENTION

An embodiment of the present invention will be described
below with reference to the drawings. An antenna duplexer
embodying the present invention, as shown in FIG. 2,
includes a rectangular parallelepipedal package 83 having a
plurality of ceramic layers 81 superposed. Formed on a
surface of the uppermost ceramic layer 81 is a recess portion
defined by four vertical walls. A transmitting filter 51 and a
receiving filter 41 are mounted on a bottom surface of the
recess portion. Further, formed on surfaces of the four lower
ceramic layers 81 constituting the package 83 are, in order
from a bottom layer, a grounding layer 71, phase-matching
strip line 7, circuit element pattern 6 which requires a
capacitor etc., and grounding layer 61.

As shown in FIG. 1, the package 83 has a surface
provided thereon with, at opposite sides of the transmitting
filter 51 and the receiving filter 41, a transmitting signal
input pad 9a, transmitting signal output pad 95, receiving
signal input pad 9c, receiving signal output pad 94, and a
plurality of grounding pads 91. The pads are arranged into
two rows along two vertical walls of the recess portion and
parallel to each other. The transmitting signal input pad 9a
and the receiving signal output pad 9d are installed at
diagonal positions of a quadrangle defined by the four
vertical walls of the recess portion, i.e., installed at an end
of one row and an end of the other row. As shown in FIG.
2, the aforementioned pads 9, 91 are connected to the
transmitting filter 51 and the receiving filter 41 by bonding
wires 90.

Formed on four side surfaces of the package 83 are a
plurality of castellations 84 including an antenna terminal
ANT, transmitting signal terminal Tx and receiving signal
terminal Rx. The transmitting signal input pad 9a is con-
nected to the transmitting signal terminal Tx, the receiving
signal output pad 94 is connected to the receiving signal
terminal Rx, and the transmitting signal output pad 95 is
connected to the antenna terminal ANT.

With the antenna duplexer 8 shown in FIG. 1 of the
present invention, the distance between the transmitting
signal input pad 9a and the receiving signal output pad 94 is
made greater than the distance between the two pads 9a and
9d with the conventional antenna duplexer shown in FIG. 4.
Consequently the signal received by the transmitting signal
input pad 9a is effectively inhibited from directly sneaking
around to the receiving signal output pad 9d, to thereby
achieve a higher isolation effect.

FIG. 5 shows the isolation characteristics of the signal
received by the transmitting signal terminal Tx to sneak
around to the receiving signal terminal Rx, with the antenna
duplexer 8 shown in FIG. 1 of the present invention. FIG. 6
shows the similar isolation characteristics with the conven-
tional antenna duplexer 80 shown in FIG. 4. Particularly,
within the pass band A in the figures, the isolation charac-
teristics of the antenna duplexer of the present invention
shown in FIG. 5 is approximately 5 dB greater in attenuation
than the isolation characteristics of the conventional antenna
duplexer shown in FIG. 6. This clarifies the improvement of
the isolation characteristics.
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As discussed above, the transmitting signal input pad 9a
and the receiving signal output pad 94 are merely moved,
respectively, to an end of the row in which each of the pads
are arranged, whereby the antenna duplexer of the present
invention can achieve the higher isolation effect.

The device of the invention is not limited to the foregoing
embodiment in construction but can be modified variously
by one skilled in the art without departing from the spirit of
the invention as set forth in the appended claims. For
example, a plurality of pads 9a, 96, 9¢, 9d, 91 can be
arranged along four sides of the quadrangle. In this case the
isolation characteristics can also be improved by arranging
the transmitting signal input pad 9a and the receiving signal
output pad 94 at diagonal positions of a quadrangle.

What is claimed is:

1. An antenna duplexer comprising a transmitting filter
and a receiving filter, in a parallel circuit with each other,
which are mounted on a package, a transmitting signal input
pad and a transmitting signal output pad which are con-
nected to input and output ends of the transmitting filter, a
receiving signal input pad and a receiving signal output pad
which are connected to input and output ends of the receiv-
ing filter, and at least one grounding pad, the transmitting
signal input pad, the transmitting signal output pad, the
receiving signal input pad, the receiving signal output pad
and at least one grounding pad being arranged, on a surface
of the package, along at least two sides of four sides of a
quadrangle, the transmitting signal input pad and the receiv-
ing signal output pad being disposed at diagonal positions of
the quadrangle.

2. An antenna duplexer according to claim 1 wherein an
antenna terminal, a transmitting signal terminal, and a
receiving signal terminal are arranged on side surfaces of the
package, the transmitting signal input pad being connected
to the transmitting signal terminal, the transmitting signal
output pad and the receiving signal input pad being con-
nected to the antenna terminal, and the receiving signal
output pad being connected to the receiving signal terminal.

3. An antenna duplexer according to claim 1 wherein the
transmitting signal input pad and the receiving signal output
pad are furthest away from one another of any two of the
pads arranged along the at least two sides of the four sides
of the quadrangle.

4. An antenna duplexer comprising a transmitting filter
and a receiving filter, in a parallel circuit with each other,
which are mounted on a package, a transmitting signal input
pad and a transmitting signal output pad which are con-
nected to input and output ends of the transmitting filter, a
receiving signal input pad and a receiving signal output pad
which are connected to input and output ends of the receiv-
ing filter, and at least one grounding pad, the transmitting
signal input pad, the transmitting signal output pad, the
receiving signal input pad, the receiving signal output pad
and at least one grounding pad being arranged along two
parallel lines on a surface of the package, either one of the
transmitting signal input pad and the receiving signal output
pad being disposed at an endmost position of one of the two
parallel lines, with the other pad being disposed at an
endmost position of the other line in the opposite direction.
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EMBEDDED ANTENNA AND FILTER
APPARATUS AND METHODOLOGY

PRIORITY CLAIM

This application claims the benefit of U.S. Provisional
Application No. 60/604,973, entitled “EMBEDDED
ANTENNA AND FILTER APPARATUS AND METHOD-
OLOGY”, filed Aug. 27, 2004, which is incorporated herein
by reference for all purposes.

FIELD OF THE INVENTION

The present subject matter generally concerns improved
apparatus and methodology for providing radio frequency
communication to and/or from electricity meters. More
particularly, the present subject matter concerns combined
radio frequency filter and antenna configurations achieving
improved transmission characteristics to and/or from asso-
ciated electricity meters.

BACKGROUND OF THE INVENTION

The present subject matter concerns both apparatus and
methodology in such areas, including the use of embedded
components in relation to printed circuit board components,
for forming a transmitter or transceiver associated with an
electricity meter.

A general object of metrology is to monitor a physical
phenomenon to permit a record of the monitored event(s). If
the ability to communicate recorded measurements or moni-
tored data is impeded, then the basic purpose of the metering
device and/or effort fails. Such basic function and purpose of
metering devices can be applied to a number of contexts.
One broad area of measurement relates, for example, to
utility meters. These may include the monitoring of con-
sumption of a variety of forms of energy or other commodi-
ties, such as electricity, water, gas, and oil, to name a few.

Historically, a mechanical form of register was used for
utility meters. Such an approach provided a relatively
dependable field device with certain inherent functional
advantages. For example, if the flow of the consumable
commodity being measured was interrupted, the mechanical
form of gauge simply stopped in its place, automatically
reflecting the previous accumulation without other arrange-
ments being required, and without any loss of such accu-
mulated data. After resumption of the flow of the commod-
ity, the mechanical register could then simply begin to add
additional flow values to the previous accumulation, so that
accurate data was reflected at all times regardless of inter-
mittent commodity flow interruptions.

Also, in many instances, the gauge or register required no
separate power supply since it was operated directly by the
commodity flow. In the case of electricity meters, the
mechanical register could be electrically powered. Hence,
when power was lost, the measurement function was tem-
porarily moot so no measurement functionality was lost
even though the gauge itself would be temporarily without
power.

As the technology of metering devices progressed,
mechanical registers began to be replaced with more elec-
trical-based devices and electronic forms of registers. In
addition, data transmission devices have been introduced
that permit remote reading and/or control of utility meters,
thus relieving utility companies of the need to visually
inspect meters to obtain periodic reading, or of the need to
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visit a meter to undertake certain communications (for
example, such as instructions) directed to the meter.

For example, in the case of an electricity meter, electric
power is already flowing to and through the metering or
measuring device. Such fact makes for a convenient supply
of electricity, without having to attempt to rely on battery
operation or some other source of electrical power. Thus,
there is a ready source available to provide power for
onboard transmitters and/or transceivers that may be used to
transmit collected data to a remote location and/or to receive
various command and/or control signals designed to modify
or control the operation of the utility meter.

Regardless of such uses for communications, an inherent
problem exists due in part to the fact that, when a relatively
large number of such devices are in use, interference with
other such devices or with other devices operating on similar
frequencies, can create errors in the reception of transmitted
data or control signals to or from the utility meter. Prior
attempts have been made to address such technical problem.

U.S. Pat. No. 6,737,985 to Garrard et al. for Remote
Metering, issued May 18, 2004, discloses an electricity
meter including, among other features, an antenna system
120.

U.S. Pat. No. 6,078,785 to Bush for Demand Reporting of
Electricity Consumption by Radio in Relays to a Base
Station, and Demand Relays Wattmeters So Reporting Over
a Wide Area, issued Jun. 20, 2000, discloses an electricity
meter including an antenna that may correspond to a loop
integral to a non conductive portion of the case.

A 2000 article entitled “Current Affairs—Advances in
AMR technology” briefly discusses the use of PCS wireless
modems with automated electricity meter reading systems
using proprietary antenna fully contained within the meter
chassis.

BRIEF SUMMARY OF THE INVENTION

In view of the recognized features encountered in the
prior art and addressed by the present subject matter,
improved apparatus and methodology for transmission of
radio frequency (RF) signals relating to metrology opera-
tions within electric meters are disclosed. More particularly,
a particular aspect of certain embodiments of the present
subject matter involves improved antenna radiation patterns
from antennas coupled to transmitters or transceivers asso-
ciated with utility meters.

Another broader present aspect is to accomplish improved
automated meter reading communications and/or improved
command and control communications from and/or to an
electricity meter.

Another more particular aspect of certain embodiments of
the present subject matter relates to providing reduced
interference in out of band signals from transmitters (or
transceivers) associated with utility meters. In such context,
it is a general aspect of the present subject matter to provide
for reduced harmonic frequency radiation from low-cost
transmitters associated with utility meters.

It is another of the broader aspects of the present subject
matter to advantageously utilize embedded radio frequency
components. More particularly, for example, in such con-
text, it is a present advantage to in certain embodiments
provide for stripline or microline filter arrangements com-
bined with antenna features, all in an embedded context.

It is a still further present advantage, for some particular
present embodiments, to provide an antenna element con-
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figured and mounted such that, once the electricity meter is
fully assembled, the meter case itself contributes as a part or
all of a radiating element.

Additional aspects and advantages of the present subject
matter are set forth in, or will be apparent to those of
ordinary skill in the art from, the detailed description herein.
Also, it should be further appreciated that the modifications
and variations to the specifically illustrated, referenced, and
discussed features and steps hereof may be practiced in
various embodiments and uses of this subject matter without
departing from the spirit and scope thereof, by virtue of
present reference thereto. Such variations may include, but
are not limited to, substitution of equivalent means and
features or steps for those shown, referenced, or discussed,
and the functional, operational, or positional reversal of
various parts, features, steps, or the like.

Still further, it is to be understood that different embodi-
ments, as well as different presently preferred embodiments,
of this subject matter may include various combinations or
configurations of presently disclosed steps or features, or
their equivalents (including combinations of steps or fea-
tures or configurations thereof not expressly referenced in
the figures or stated in the detailed description).

One exemplary embodiment of the present subject matter
relates to an improved antenna design that manages in a
positive manner the unavoidable radio frequency (RF) para-
sitics presented by mechanical association of an antenna
within a metallic housing environment, thus providing for
improved efficiency of radiation.

Other exemplary embodiments of the present subject
matter may make use of embedded filters to limit harmonic
radiation that may impair the operation of other nearby
electronic equipment. As another aspect of the present
subject matter, such embedded filters may employ a design
utilizing a multilayer printed circuit board and thereby limit
the need for other expensive components.

Other exemplary embodiments of the present subject
matter relate to a utility meter, having a metrology portion,
a transmitter portion configured to transmit radio frequency
signals at a predetermined frequency, and a display portion.
In such embodiment, the transmitter portion may advanta-
geously further comprise a printed circuit board supporting
a transmitter, and there may be provided with the utility
meter an antenna and a filter respectively embedded in such
circuit board. Such an exemplary filter configuration pref-
erably involves the filter being connected between the
transmitter and the antenna. Additional details of the filter
may be specified in some embodiments thereof (though not
necessarily required in others) in which the filter comprises
a predetermined number of quarter-wave tuned resonators
tuned to a predetermined number of selected harmonics of
the predetermined frequency.

Still further, other present embodiments may relate to an
electricity meter with embedded radio frequency features to
provide control of out of band harmonic radiation. Such
present exemplary electricity meters may include, for
example, a metrology portion, a printed circuit board, a
transmitter supported on such a printed circuit board and
configured to transmit radio frequency signals at a prede-
termined frequency, an antenna embedded in such a printed
circuit board, and a filter embedded in such printed circuit
board. The filter may preferably be connected between the
transmitter and the antenna and may prefereably comprise
one of a stripline filter and a microline filter. In such
exemplary present electricity meters provided with embed-
ded radio frequency features, the result is enhanced elec-
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tricity meter data signal communications for effective com-
munication of data such as for automated meter reading
communications or related.

Certain present exemplary embodiments relate in greater
manner to a stripline filter for reducing harmonic radiation
from a transmitter designed for operation at a predetermined
frequency. Such an exemplary filter may comprise a stripline
transmission line extending from a first terminal to a second
terminal, a first pair of quarter-wave tuned resonators tuned
to a first predetermined harmonic of a predetermined fre-
quency and coupled to the stripline transmission line, and a
second pair of quarter-wave tuned resonators tuned to a
second predetermined harmonic of the predetermined fre-
quency and coupled to the stripline transmission line. In
certain of such exemplary stripline filter embodiments, a
printed circuit board may be provided, where the stripline
transmission line, the first pair of quarter-wave tuned reso-
nators, the second pair of quarter-wave tuned resonators, and
the fifth quarter-wave tuned resonator are all embedded in
the printed circuit board. In other, alternative stripline filter
embodiments, all such features may be formed on, rather
than embedded in, the associated printed circuit board.

Still further present aspects relate to corresponding meth-
odology, it being intended as understood by those of ordi-
nary skill in the art that such corresponding methodology
equally forms part of the present disclosure. Broadly speak-
ing, one exemplary such present methodology relates to a
method for reducing harmonic frequency radiation from a
printed circuit board, comprising the steps of: providing a
printed circuit board and including thereon a transmitting
portion configured for transmission of radio frequency sig-
nals at a predetermined frequency; embedding in such
printed circuit board an antenna, with such antenna config-
ured so as to radiate the predetermined frequency; embed-
ding in the printed circuit board a filter, such filter including
at least one paired portion tuned to a predetermined har-
monic of the predetermined frequency; and connecting the
filter between the transmitting portion and the antenna.

In accordance with aspects of certain embodiments of the
present subject matter, each such embedded filter may be
configured to minimize uncontrollable surface radiation
otherwise resulting from the use of individual filter compo-
nents.

Additional embodiments of the present subject matter, not
necessarily expressed in this summarized section, may
include and incorporate various combinations of aspects of
features, components, or steps referenced in the summarized
objectives above, and/or other features, components, or
steps as otherwise discussed in this application. Those of
ordinary skill in the art will better appreciate the features and
aspects of such embodiments, and others, upon review of the
remainder of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present subject
matter, including the best mode thereof, directed to one of
ordinary skill in the art, is set forth in the specification,
which makes reference to the appended figures, in which:

FIG. 1 is a diagrammatic illustration of an exemplary
configuration of an exemplary filter constructed in accor-
dance with the present subject matter;

FIGS. 2a through 2d, inclusive, represent examples of
equivalent circuits at different frequencies of the exemplary
filter illustrated in FIG. 1; and
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FIG. 3 representatively illustrates the mounting of an
antenna within a utility meter in accordance with the present
subject matter.

Repeat use of reference characters throughout the present
specification and appended drawings is intended to represent
same or analogous features, elements or steps of the present
subject matter.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As discussed in the Brief Summary of the Invention
section, the present subject matter is particularly concerned
with improved apparatus and methodology for the transmis-
sion of radio frequency (RF) signals relating to metrology
operations within utility meters, for example, such as elec-
tric meters. As a general non-limiting example, a medium-
powered RF transmitter operating in the 900 MHz (mega
Hertz) ISM (Industrial, Scientific, Medical) band of frequen-
cies (generally 902 MHz to 928 MHz) generates consider-
able power output at the third, fourth and fifth harmonics
that fall into FCC (Federal Communications Commission)
restricted bands. Thus, specific harmonics filtering is needed
to bring the level of emissions under government regulated
limits.

Traditional designs utilize lumped band-pass and/or low-
pass filters to carry out the task of harmonic suppression.
Implementation of such filters has been difficult, mostly due
to creation of parasitic pass-bands and uncontrolled radia-
tion from the filter itself. In addition, the use of individual
components adds unnecessarily to the overall cost of such
filters.

With specific reference to FIG. 1, a diagrammatic illus-
tration is shown of an exemplary configuration of a stripline
filter 10 constructed in accordance with the present subject
matter. The present subject matter provides an economical
stripline filter 10 that may be incorporated into a regular
multi-layer printed circuit board, and which otherwise
addresses many of the concerns identified with respect to
previous developments in the art. More specifically, the
stripline filter 10 in accordance with present subject matter
avoids the use of individual components that may them-
selves be a source of uncontrollable radiation.

As illustrated in FIG. 1, the stripline filter 10 in accor-
dance with the present subject matter comprises a transmis-
sion line portion generally 12 extending between a first port
20 and a second port 22. Such ports 20 and 22 may be
designated as input and output ports, although the order may
be electrically reversed, as the exemplary filter structure
illustrated is symmetrical. Such symmetry may not be exhib-
ited, however, in other designs so that symmetry of filter
design is not a necessary limitation of the present subject
matter.

With further reference to FIG. 1, the stripline filter 10 in
accordance with the present subject matter may correspond,
for example, to a plurality of bowed quarter-wave resonators
generally arranged in pairs and distributed along the trans-
mission line 12. Such quarter-wave resonators may be
configured as notch filters, whereas low-pass or band-pass
filters may have been types of filters previously employed in
other configurations (i.e., non-stripline embodiments) of
filters. Thus, quarter-wave resonators 30 and 32, as illus-
trated, may each be tuned to the third harmonic of the
transmitter operating frequency. In the exemplary configu-
ration, such frequency may correspond to about 2,700 MHz
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or 2.7 GHz (i.e., three times the base or fundamental
frequency of 900 MHz), as well understood by those of
ordinary skill in the art.

In like manner, resonators 40 and 42, as illustrated, may
correspond to quarter-wave resonators tuned to the fourth
harmonic of the exemplary base 900 MHz frequency, while
resonator 50 may correspond to a quarter-wave resonator
tuned to the fifth harmonic of the exemplary base 900 MHz
frequency.

FIGS. 2a through 24 individually correspond to equiva-
lent circuit representations of the stripline filter 10 corre-
sponding to the base frequency and harmonics thereof
particularly of interest (i.e., third, fourth, and fifth) according
to the present subject matter.

In particular, FIG. 2a representatively illustrates an
equivalent circuit of the stripline filter 10 as it may appear
electrically while operating at a fundamental frequency
within the 900 MHz ISM frequency band. As illustrated in
FIG. 2a, with respect to a fundamental operating frequency,
the stripline filter 10 may be represented as a series and
parallel configuration of substantially symmetrically
arranged transmission lines of selected lengths. More spe-
cifically, in the case of the fundamental frequency represen-
tation of FIG. 2a, ports 20 and 22 (Port 1 and Port 2,
respectively), as shown, may both be considered to be
equivalently coupled to the junction of a Vis wavelength
transmission line and a V12 wavelength transmission line, the
opposite ends of each of which may be representatively
shown as coupled to a common ground plane. As is cus-
tomary in representations like those of FIGS. 2a through 24,
the Greek symbol lambda (&) is understood to represent
wavelength.

Coupled to the junction points of the two A/16 and A/12
series coupled transmission lines are a pair of series con-
nected A/12 transmissions lines whose common connection
point may be represented as coupled by way of a A/20
transmission line connected to the previously mentioned
common reference plane (see upper portion of the illustra-
tion of FIG. 2a).

With further reference to FIG. 2a, it will be observed that
the just described equivalent representation of the stripline
filter 10 may be further reduced as represented by the
unmarked right-hand side arrow head to a simpler form
illustrated on the right hand portion of FIG. 2a. Such
reduced or simplified illustration and representation corre-
sponds to a pair of capacitors coupled respectively to ports
20 and 22 and a corresponding representation of a common
ground plane together with a single transmission line seg-
ment of approximately A/4 coupled between port 20 and port
22.

In accordance with the present technology, the third,
fourth and fifth harmonic operational equivalents may cor-
respond to elements as illustrated in FIGS. 25 through 2d,
respectively. As will be observed from an examination of
such Figures, the initial representation in each of such
equivalent circuit representations is structurally identical to
that illustrated in FIG. 2a representing the fundamental
frequency equivalent of the stripline filter 10 except that the
various lengths of the transmission line representations for
each differ as illustrated in the corresponding Figures.

In addition to the above noted differences in lengths of
transmission line representations for the various harmonics,
the second, reduced component equivalent circuit represen-
tations (right-hand portions of each respective illustration of
FIGS. 25 through 2d) differ somewhat from that of the
fundament frequency to the various harmonic frequencies as
illustrated, respectively, in the right hand portion of each of
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the FIGS. 2a through 2d. However, in each instance, those
of ordinary skill in the art will understand that such illus-
trations make use of indicated capacitors (illustrations of
right-hand side of FIGS. 2a and 25) or inductors (illustra-
tions of right-hand side of FIGS. 2¢ and 2d), as well as
various nodes, connections with common ground planes,
and specific exemplary approximated transmission line
lengths.

With reference now to FIG. 3, an additional aspect of the
present technology will be discussed in more detail, more
specifically involving a methodology for providing an
embedded antenna for association with a transmitter or
transceiver associated with a utility meter, such as an elec-
tricity meter.

Tlustrated in FIG. 3 is an electricity meter generally 100
that includes, in an installed configuration, a metallic hous-
ing 110 to which may be couple a metrology assembly
generally 130 that may be plugged into matching connectors
(not shown) positioned within a circular opening 120 within
the face of the metallic housing 110. The metrology assem-
bly or components 130 of the exemplary representative
electric meter 100 are representatively illustrated as corre-
sponding to a metrology circuit board 140, a radio frequency
(RF) transmitter or transceiver board 150 and a display panel
160. Display panel 160 may correspond to a liquid crystal
display (LCD) or any other type of display as may be
selected from those known in the art or yet to be developed.
The particular form of (or even the presence of) a display
does not form a limitation to the present subject matter. Each
of such components (i.e., the metrology board 140, the
transmitter/transceiver board 150 and the display panel 160)
are coupled together by suitable interconnections (not shown
but well understood to those of ordinary skill in the art) as
may be specifically required in a given embodiment of the
present subject matter to permit proper operation of the
exemplary representative electricity meter.

With further reference to the transmitter/transceiver board
150, an antenna 170 may be embedded into the printed
circuit board on which the components corresponding to the
transmitter/transceiver are mounted. Antenna 170 may be
embedded in the same manner as was previously discussed
with respect to the stripline filter 10 with reference to FIGS.
1 and FIGS. 24 through 2d, respectively. In certain embodi-
ments of the present subject matter, both the antenna 170 and
stripline filter 10 may be embedded together as parts of a
multi-layer printed circuit board otherwise corresponding to
(i.e., serving as) the transmitter/transceiver board 150. In
other embodiments, antenna 170 may be formed on the
printed circuit board rather than embedded therein. Simi-
larly, a microline filter arrangement may be practiced in
place of a stripline filter. Also, optionally, housing or meter
case 110 may be operatively associated with antenna 170 for
forming a portion or all of a radiating element of the antenna,
once the meter with case 110 is fully assembled.

Design principles relating to specific placement of the
antenna 170 within, for example, the transmitter/transceiver
board 150 will take into consideration antenna orientation as
well as the physical presence and effect on the antenna
radiation pattern that the electricity meter housing and any
connecting conduits and electrical wiring may have on the
antenna performance. The antenna may also be designed to
provide radiation in two orthogonal polarizations, i.e., dual
polarization characteristics, in order to increase transmission
range and reliability, all in accordance with the present
subject matter. In many cases, electricity meters will not be
within the line of sight of transmitters/transceivers wishing
to communicate with the electricity meter. In such case

20

25

30

35

40

45

50

55

60

65

8

polarization diversity may be of assistance in improving the
reliability of such non line of sight communications.

While the present subject matter has been described in
detail with respect to specific embodiments thereof, it will be
appreciated that those skilled in the art, upon attaining an
understanding of the foregoing may readily produce alter-
ations to, variations of, and equivalents to such embodi-
ments. Accordingly, the scope of the present disclosure is by
way of example rather than by way of limitation, and the
subject disclosure does not preclude inclusion of such modi-
fications, variations and/or additions to the present subject
matter as would be readily apparent to one of ordinary skill
in the art.

What is claimed is:
1. A method for reducing harmonic frequency radiation
from a printed circuit board, comprising the steps of:
providing a printed circuit board and including thereon a
transmitting portion configured for transmission of
radio frequency signals at a predetermined frequency;

embedding in said printed circuit board an antenna, with
said antenna configured so as to radiate said predeter-
mined frequency;

embedding in said printed circuit board a filter, said filter

including at least one paired portion tuned to a prede-
termined harmonic of said predetermined frequency;
and

connecting said filter between said transmitting portion

and said antenna.

2. Amethod as in claim 1, wherein said step of embedding
in said printed circuit board a filter comprises embedding a
stripline filter in said printed circuit board.

3. Amethod as in claim 2, wherein said step of embedding
a stripline filter in said printed circuit board comprises
embedding in said printed circuit board a predetermined
number of quarter-wave tuned resonators tuned to a prede-
termined number of selected harmonics of said predeter-
mined frequency.

4. A method as in claim 1, wherein said step of embedding
in said printed circuit board a filter comprises embedding a
microline filter in said printed circuit board.

5. Amethod as in claim 1, wherein said step of embedding
in said printed circuit board a filter comprises embedding a
filter including at least two paired portions tuned to different
predetermined harmonics of said predetermined frequency.

6. A method as in claim 5, wherein said step of embedding
a filter in said printed circuit board comprises the step of
embedding in said printed circuit board a stripline filter
comprising a transmission line portion, a pair of third
harmonic portions, a pair of fourth harmonic portions, and a
fifth harmonic portion.

7. A method as claim 1, wherein said step of providing a
printed circuit board and including thereon a transmitting
portion further includes providing a receiving portion
included on said printed circuit board and operatively asso-
ciated with said transmitting portion for forming a trans-
ceiver function on said electricity meter.

8. A method as claim 1, wherein:

said method further includes the step of providing an

electricity meter; and

said step of providing a printed circuit board and includ-

ing thereon a transmitting portion further includes
mounting said printed circuit board within said elec-
tricity meter for forming a transmitter function for said
electricity meter.

9. A method as in claim 8, wherein said step of providing
an electricity meter includes providing an electricity meter
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case operatively interconnected with said antenna so as to
function as part of a radiating element of said antenna.

10. A utility meter, comprising:

a metrology portion;

a transmitter portion configured to transmit radio fre-

quency signals at a predetermined frequency; and

a display portion;

wherein said transmitter portion comprises a printed cir-

cuit board supporting a transmitter, and with an antenna
and a filter respectively embedded in said circuit board,
with said filter being connected between said transmit-
ter and said antenna, and with said filter comprising a
predetermined number of quarter-wave tuned resona-
tors tuned to a predetermined number of selected
harmonics of said predetermined frequency.

11. A utility meter as in claim 10, wherein said filter is a
stripline filter.

12. A utility meter as in claim 10, wherein said quarter-
wave tuned resonators are tuned to the third, fourth, and fifth
harmonics of said predetermined frequency.

13. A utility meter as in claim 10, further comprising a
housing, wherein said housing is configured to function as a
portion of said antenna.

14. A utility meter as in claim 10, wherein said utility
meter is an electricity meter, and further wherein said
transmitter portion further includes receiver features, opera-
tively interconnected with said transmitter portion for form-
ing transceiver features for said electricity meter.

15. An electricity meter with embedded radio frequency
features to provide control of out of band harmonic radia-
tion, said electricity meter comprising:

a metrology portion;

a printed circuit board;
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a transmitter, supported on said printed circuit board and
configured to transmit radio frequency signals at a
predetermined frequency;

an antenna embedded in said printed circuit board; and

a filter embedded in said printed circuit board, with said
filter being connected between said transmitter and said
antenna and comprising one of a stripline filter and a
microline filter, whereby said electricity meter with
embedded radio frequency features provides enhanced
electricity meter data signal communications for effec-
tive communication of data such as for automated
meter reading communications or related.

16. An electricity meter as in claim 15, wherein said
transmitter has operatively associated therewith a receiver
portion, for collectively forming transceiver features, for
respectively transmitting signals to and from said electricity
meter via said antenna.

17. An electricity meter as in claim 15, wherein said filter
includes a predetermined number of quarter-wave tuned
resonators tuned to a predetermined number of selected
harmonics of said predetermined frequency.

18. An electricity meter as in claim 15, wherein:

said electricity meter further includes a meter case; and

said antenna is configured and mounted such that, once
said electricity meter is fully assembled, said meter
case performs as part of a radiating element of said
antenna, to provide an overall resulting integrated
design utilizing printed circuit board approaches with
no required additional parts, and with less uncontrolled
surface radiation.
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1
MONOPOLE ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a monopole
antenna, and more particularly to a monopole antenna being
used in an electronic device.

2. Description of the Prior Art

With the development of wireless communication, com-
pact structure antennas are popular to be used in electronic
devices. Several conventional compact structure antennas
include multiple parts, usually occupying rekatively space,
while the electronic device has compact structure. Thus,
reducing the number of parts of antenna can significantly
reduce the cost and suitable for used in the electronic device.
TW Pat. No. 239677 describes a wide band monopole
antenna. The monopole antenna comprises a grouding por-
tion, a radiating portion located above the grouding portion
and a feeder line. The grouding portion is rectangular and
includes an up edge, a low edge, a grouding point and a short
point. The radiating portion includes a first metal patch, a
second metal patch and a short metal arm. The feeder line
includes a center conductor and an external conductor. But
the occupied space of the monopole antenna is too large to
be assembled in an interior space of the electronic devices
with compact structure.

Referring now to FIG. 1, a muti-band antenna 1' is shown
and includes an insulative substrate 10', a first ground
portion 20', a second ground portion 50', a low-frequency
radiating portion 20", a high-frequency radiating portion 30',
and a signal feeder cable 70'. The first ground portion 40, the
low-frequency radiating portion 40', and the high-frequency
radiating portion 30' are made of sheet metal and are
arranged on an upper surface of the insulative substrate 10'.
The second ground portion 50' is arranged on a lower surface
of the insulative substrate 10' opposite to the first ground
portion 40'. The signal feeder cable 70' comprises an inner
core wire 71' and a metal braiding layer 72' respectively
soldered onto the high-frequency radiating portion 30' and
the first ground portion 40'. The high-frequency radiating
portion 30" and the first ground portion 40' are configured to
cooperately define a resonating space 60' therebetween. The
low-frequency portion 20' of the muti-band antenna 1' is of
trapezium shape and has difficulty to match impedance. The
antenna with smaller size needs some special shape to
achieve its impedance.

Hence, an improved antenna is desired to overcome the
above-mentioned shortcomings of the existing antennas.

BRIEF SUMMARY OF THE INVENTION

A primary object, therefore, of the present invention is to
provide a monopole antenna with smaller size and wide
bandwidth.

In order to implement the above object and overcomes the
above-identified deficiencies in the prior art, the monopole
antenna comprising: a planar base; a radiating element is
long-guide trapezium-shaped and includes notch in the
middle thereof; a grounding element locates on said planar
base with a determined angle; a feeder line includes a center
conductor connecting with said radiating element and a
external conductor connecting with said grounding element.

Other objects, advantages and novel features of the inven-
tion will become more apparent from the following detailed
description of a preferred embodiment when taken in con-
junction with the accompanying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an assembled perspective view of a conventional
multi-band antenna.

FIG. 2 is an assembled perspective view of a monopole
antenna in accordance with the present invention.

FIG. 3 is a view similar to FIG. 2 but take from a different
aspect.

FIG. 4 is another view similar to FIG. 2 but take from
another different aspect.

FIG. 5 is an enlarged view of the circled area of FIG. 2;

FIG. 6 is an enlarged view of the circled area of FIG. 3;

DETAILED DESCRIPTION OF THE
INVENTION

Reference will now be made in detail to a preferred
embodiment of the present invention.

Referring to FIG. 2 to FIG. 6, a monopole antenna 1
according to the present invention is shown. The monopole
antenna 1 comprises a planar substrate 10, a radiating
element 20, a grounding element 30, and a feeder line 40.
The radiating element 20 and the grounding element 30 are
made of metal sheet and the radiating element 20 locates on
the upper surface of the planar substrate 10.

The radiating element 20 of long-guide trapezium-shape
comprises a trapezium-shaped notch 21 in the middle of the
metal sheet which divides the antenna 1 into a first radiating
arm 201 and a second radiating arm 202. Referring to FIG.
6, 8the narrower end adjacent to grounding element 30 of the
radiating element 20 comprises a U-shaped slot 22, resulting
in the narrower end of the radiating element 20 forming a
first rectangular arm 24a, a second rectangular arm 24b and
a protruding portion 23. the radiating element 20 is plastered
on the planar substrate 10.

The grouding element 30 of rectangle-shaped is arranged
substantially perpendicular to the planar substrate 10 and
comprises a cutout 32 forming symmetrical rectangle-
shaped grooves 31a, 315 on the both sides of the cutout in
the middle thereof.

The feeder line 40 is a coaxial cable, and includes an inner
conductor 41, an inner insulator 42 surrounding the inner
conductor 41, a braid layer 43 surrounding the inner insu-
lator 42, and an outer insulator 44 surrounding the braid
layer 43. A front end of the inner insulator 42 is stripped to
expose front end of the inner conductor 41. The inner
conductor 41 is connected with the protruding portion 23
and the braid layer 43 extends through the cutout 32 to be
connected with the grounding element 30.

The planar substrate 10 forms a pair of heaves 11a, 115
extending from the underside thereof. In assembly the
heaves 11a, 115 respectively extend through the grooves
31a, 3154, so as to attach itself on the grouding element 30
firmly.

The data of the experiment of the monopole antenna 1
achieves enough band width. The monopole antenna 1 uses
the special figure of trapezium with the notch 21 to improve
its impedance matching. The monopole antenna 1 can gain
enough band with.

While the foregoing description includes details which
will enable those skilled in the art to practice the invention,
it should be recognized that the description is illustrative in
nature and that many modifications and variations thereof
will be apparent to those skilled in the art having the benefit
of these teachings. It is accordingly intended that the inven-
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tion herein be defined solely by the claims appended hereto
and that the claims be interpreted as broadly as permitted by
the prior art.

What is claimed is:

1. A monopole antenna, comprising:

a planar substrate;

a radiating element arranged on the planar substrate and
of long-guide trapezium-shape and comprises a trape-
zium notch in the middle thereof;

a grounding element assembled with said planar substrate
with a predetermined angle;

a feeder line comprises an inner conductor connecting with
said radiating element and a outer conductor connecting
with said grounding element.

2. The monopole antenna as claimed in claim 1, wherein
said grounding element is arranged to be perpendicular to
said planar substrate.

3. The monopole antenna as claimed in claim 1, wherein
said planar substrate comprises two heaves extending from
the underside of said planar substrate.

4. The monopole antenna as claimed in claim 3, wherein
said grounding element is rectangular-shape metal slice and
form a cutout in the middle thereof.

5. The monopole antenna as claimed in claim 4, wherein
said grounding element forms rectangle grooves cooperating
to said heaves on the both sides of said cutout and keeps
clear of said cutout.

6. The monopole antenna as claimed in claim 1, wherein
said radiating element forms a narrower portion adjacent to
said grounding element and said notch is trapezium-shaped.

7. The monopole antenna as claimed in claim 4, wherein
said radiating element forms a U-shaped slot on the nar-
rower portion.

8. The monopole antenna as claimed in claim 4, wherein
said narrower portion of the radiating element comprises a
protruding portion, a first rectangle arm and a second
rectangular arm, and all of said protruding portion, said first
rectangular arm, and said second rectangular arm compose
of' a U-shaped slot.

9. The monopole antenna as claimed in claim 1, wherein
said radiating element is divided into a first radiating arm
and a second radiating arm by the notch.
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10. The monopole antenna as claimed in claim 1, wherein
said inner conductor of said feeder line is connected with
said protruding portion and the outer conductor extending
through the cutout to conductor with the grounding element.

11. A monopole antenna, comprising:

a planar substrate;

a radiating element arranged on the planar substrate and
of long-guide trapezium-shape;

a grounding element assembled with said planar base with
a predetermined angle;

a feeder line comprises an inner conductor connecting
with said radiating element and a outer conductor
connecting with said grounding element.

12. The monopole antenna as claimed in claim 11,
wherein the feeder line and the radiating element are respec-
tively located on two opposite surface of the grounding
element.

13. The monopole antenna as claimed in claim 12,
wherein a portion of said trapezium-shape is removed to
achieve a desired impedance.

14. The monopole antenna as claimed in claim 11,
wherein a U-shaped slot is formed in the radiating element
adjacent to an intersection region of the radiating element
and the grounding element.

15. A monopole antenna, comprising:

a planar substrate;

a radiating element arranged on the planar substrate and
of long-guide trapezium-shape and comprises a trape-
zium notch in the middle thereof;

a grounding element applied to said planar base;

a feeder line comprises an inner conductor connecting
with said radiating element and a outer conductor
connecting with said grounding element; wherein

a U-shaped slot is formed in a region of the radiating
element where is closest to the grounding element than
any other regions of the radiating element.
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ANTENNA AND WIRELESS
COMMUNICATION DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to antennas used for wireless
communications and to wireless communication devices.

2. Description of the Related Art

Recently, in the field of wireless communication devices,
such as cellular phones, development for achieving multiple
resonances or multiple bands is in progress in order to
achieve wide bandwidths. Research studies are being carried
out for antennas in which a plurality of resonant frequencies
are controlled to allow transmission and reception with a
wide bandwidth. Also, antennas in which a frequency can be
changed to achieve a wide bandwidth are being considered.

Examples of such antennas that have been proposed
include antennas disclosed in Patent Documents 1 to 3.

An antenna disclosed in Patent Document 1 (Japanese
Unexamined Patent Application Publication No. 2003-
51712), is an inverted-F-shaped antenna device. More spe-
cifically, an antenna element is disposed in parallel above a
ground conductor, and at least one coupling element is
provided in parallel between the ground conductor and the
antenna element. The antenna element is electrically con-
nected to the ground conductor via a short-circuiting con-
ductor, and is connected to a feeding point of a feeding
coaxial cable. By providing the coupling element in addition
to the antenna element as described above, two resonant
frequencies are obtained.

In an antenna disclosed in Patent Document 2 (Japanese
Unexamined Patent Application Publication No. 2002-
232313), an antenna element and a variable capacitor are
provided, the variable capacitor being connected in series or
parallel with the antenna element to form a resonant circuit,
and the control voltage is applied to the variable capacitor to
change a resonant frequency.

In an antenna disclosed in Patent Document 3 (Japanese
Unexamined Patent Application Publication No. 2004-
320611), a radiating element and a tuning circuit are con-
nected in series. In the tuning circuit, a first inductor is
connected in series with a parallel circuit including a vari-
able capacitor. A first resonance frequency is obtained by a
first antenna element and a second antenna element con-
nected in series, and a second resonant frequency is obtained
by the first antenna element alone. Furthermore, a third
resonant frequency is obtained by a third antenna element
provided from a feeding element.

However, the antennas according to the related art
described above have the following problems.

Regarding the antenna disclosed in Patent Document 1,
since the antenna is an inverted-F-shaped antenna device,
when the antenna is mounted on a small and thin wireless
communication device such as a cellular phone, the position
of attachment of the coupling element is restricted to a low
position because the height from the ground conductor to the
antenna element must be small. Thus, restriction is imposed
on the control of resonant frequencies of multiple reso-
nances, so that the bandwidth can be increased only to
approximately 1.5 times the bandwidth of an inverted-F
antenna element. Also, the bandwidth ratio is approximately
several percent at best.

Regarding the antenna disclosed in Patent Document 2, it
is possible to control the resonant frequency according to the
control voltage. However, since a frequency-changing reso-
nance circuit implemented using a variable capacitor is
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provided in the proximity of a feeding section of the antenna
element, the condition of matching between the feeding
section and the antenna element changes. Thus, a complex
matching circuit is needed. As contrasted with the above, an
example where a frequency-changing resonance circuit is
provided at a distal-end portion of an antenna element is
disclosed. In this example, although a complex circuit
configuration is not required, since the resonance circuit is
provided at the distal-end portion of the antenna element,
where the electric field is most intense (current density is
smallest), it is not possible to change the resonant frequency
greatly. Furthermore, a large control voltage is needed in
order to change the resonant frequency of the antenna by a
desired range by controlling a single variable capacitor. This
does not allow for satisfaction of the demand for low-
voltage operation required for a wireless communication
device such as a cellular phone.

Regarding the antenna disclosed in Patent Document 3, it
is possible to achieve multiple resonances and to change
resonant frequencies. However, since the third antenna ele-
ment is connected in parallel to the feeding element without
an intervening tuning circuit, it is not possible to change the
third resonant frequency significantly. Furthermore, since
the parallel circuit is disposed in the proximity of a feeding
section of the radiating element, the problems of the antenna
disclosed in Patent Document 2 also exist.

SUMMARY OF THE INVENTION

In order to overcome the problems described above,
preferred embodiments of the present invention provide an
antenna and a wireless communication device in which a
plurality of resonant frequencies can be changed simulta-
neously by a desired range at a low voltage.

According to a preferred embodiment of the present
invention, an antenna includes a first antenna section in
which a radiating electrode having an open distal end is
connected to a feeding electrode via a frequency-changing
circuit, and a second antenna section including an additional
radiating electrode and the feeding electrode, the additional
radiating electrode having an open distal end and being
connected to a middle portion of the frequency-changing
circuit, wherein the frequency-changing circuit is defined by
a first reactance circuit and a second reactance circuit
connected to each other, the first reactance circuit being
connected to the feeding electrode and having a reactance
that is variable according to a direct-current control voltage,
and the second reactance circuit being connected to the
radiating electrode of the first antenna section, and wherein
the additional radiating electrode of the second antenna
section branches from a node between the first and second
reactance circuits.

With the configuration described above, the first antenna
section includes the feeding electrode, the frequency-chang-
ing circuit, and the radiating electrode, and the second
antenna section includes the feeding electrode, the first
reactance circuit of the frequency-changing circuit, and the
additional radiating electrode. Thus, it is possible to achieve
multiple resonances with a resonant frequency associated
with the first antenna section and a resonant frequency
associated with the second antenna section. By changing the
reactance of the first reactance circuit of the frequency-
changing circuit, the resonant frequency of the first antenna
section and the resonant frequency of the second antenna
section change simultaneously. That is, with the frequency-
changing circuit, it is possible to simultaneously change a
plurality of resonant frequencies by a desired range. When
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a wide bandwidth is to be achieved using a single-resonance
antenna, it is necessary to apply a large control voltage to a
frequency changing circuit so that a resonant frequency can
be changed over a wide range. In contrast, with the antenna
according to a preferred embodiment of the present inven-
tion, it is possible to simultaneously change a plurality of
resonant frequencies with different frequencies using a low
control voltage. Thus, it is possible to achieve a wide
bandwidth using a low control voltage.

It is preferable that the second reactance circuit has a
reactance that is variable according to the control voltage.

With the configuration described above, the reactance of
the second reactance circuit can be changed according to the
control voltage by a desired range, so that the resonant
frequency of the first antenna section can be changed to
various values.

Alternatively, the second reactance circuit may have a
reactance that is fixed.

With the configuration described above, the reactance of
the frequency-changing circuit is the sum of the variable
reactance of the first reactance circuit and the fixed reactance
of the second reactance circuit. Thus, when the reactance of
the first reactance circuit is changed, the resonant frequen-
cies of the first and second antenna sections change simul-
taneously.

The first reactance circuit preferably is a series circuit
including a variable capacitor or a parallel circuit including
a variable capacitor, wherein the second reactance circuit is
a series circuit including a variable capacitor or a parallel
circuit including a variable capacitor, and wherein terminals
of the variable capacitors of the first and second reactance
circuits, the terminals having the same polarity, are con-
nected to each other so as to define a node between the first
and second reactance circuits, and the control voltage is
applied to the node to control capacitances of the variable
capacitors.

The first reactance circuit may also preferably be a series
circuit including a variable capacitor or a parallel circuit
including a variable capacitor, wherein the second reactance
circuit is a series circuit including a fixed capacitor or a
parallel circuit including a fixed capacitor, and wherein the
variable capacitor of the first reactance circuit is connected
to the second reactance circuit so as to define a node between
the first and second reactance circuits, and the control
voltage is applied to the node to control a capacitance of the
variable capacitor.

An inductor may also be connected in parallel to the first
reactance circuit and the second reactance circuit across the
first and second reactance circuits.

With the configuration described above, by using the
inductor, a third antenna section is provided, which reso-
nates in a frequency band lower than the frequencies cov-
ered by the first antenna section and the second antenna
section.

The additional radiating electrode preferably branches
from the node via an inductor so as to control a resonant
frequency.

One or more additional radiating electrodes that are
separate from the earlier mentioned additional radiating
electrode may be arranged so as to branch from the node.

With the configuration described above, it is possible to
achieve further multiple resonances.

Each of the one or more separate additional radiating
electrodes is preferably arranged to branch from the node via
another reactance circuit having the same configuration as
the first reactance circuit, and another control voltage for
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controlling a capacitance of a variable capacitor of the
another reactance circuit is applied to the another reactance
circuit.

With the configuration described above, the resonant
frequencies of antenna sections associated with individual
additional radiating electrodes can be freely changed inde-
pendently among the antenna sections.

An additional radiating electrode that is separate from the
earlier mentioned additional radiating electrode may be
preferably connected to a middle portion of the radiating
electrode.

The separate additional radiating electrode may also be
preferably connected to the radiating electrode via an induc-
tor.

The first antenna section may preferably have a shape of
a loop in which the feeding electrode and the open distal end
of the radiating electrode are opposed via a gap.

With the configuration described above, the reactance of
the first antenna section can be changed by changing the gap
between the feeding electrode and the open distal end of the
radiating electrode.

All or one or more of the antenna element including the
feeding electrode, the frequency-changing circuit, the radi-
ating electrode, and the additional radiating electrode may
be preferably disposed on a dielectric base.

With the configuration described above, the reactances of
the first and second antenna sections can be changed by
changing the dielectric constant of the dielectric base.

In one or more or all of the radiating electrode of the first
antenna section, the additional radiating electrode of the
second antenna section, and the one or more separate
additional radiating electrodes, a middle portion or an open
distal end of the electrode may preferably be connected to a
ground via a discrete inductor or a reactance circuit.

With the configuration described above, a new resonance
based on the discrete inductor or the reactance circuit can be
obtained.

The reactance circuit preferably is a series resonance
circuit or a parallel resonance circuit, or a composite circuit
including a series resonance circuit and a parallel resonance
circuit.

The antenna may preferably be configured to allow recep-
tion of FM electromagnetic waves, electromagnetic waves
in the VHF band, and electromagnetic waves in the UHF
band.

A wireless communication device according to another
preferred embodiment of the present invention preferably
includes the antenna.

As described above in detail, with the antennas according
to preferred embodiments of the present invention, it is
possible to achieve multiple resonances. Furthermore,
advantageously, it is possible to achieve a wide bandwidth
at a low control voltage. Thus, application to a wireless
communication device or the like for which a low power-
supply voltage is required, such as a cellular phone, is
possible.

Particularly, since in at least one of the preferred embodi-
ments of the present invention, the second reactance circuit
of'the frequency-changing circuit is also of the variable type,
the resonant frequency of the first antenna section can be
changed to even more varied values.

With the antenna according to another preferred embodi-
ment of the present invention, since the second reactance
circuit of the frequency-changing circuit is of the fixed type,
it is possible to change the resonant frequencies of the first
and antenna sections by different amounts at a low cost.
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With the antenna according to yet another preferred
embodiment of the present invention, by using an additional
inductance, a third antenna is defined to include the feeding
electrode, the inductor, and the radiating electrode. Thus, a
band of a low resonant frequency is newly obtained.

With the antenna according to yet another preferred
embodiment of the present invention, it is possible to
achieve further multiple resonances. Thus, a multi-band
antenna compatible with multimedia can be provided.

With the antenna according to yet another preferred
embodiment of the present invention, each of the resonant
frequencies can be changed to various values.

With the antennas of various preferred embodiments of
the present invention, it is possible to add a new resonance
while maintaining a small cubic size of the antenna.

In one particular preferred embodiment of the present
invention, when the reactance circuit is implemented by a
series resonance circuit, the effect on the resonant frequency
of the electrode connected to the series resonance circuit can
be reduced. When the reactance circuit is implemented by a
parallel resonance circuit, the constant of a load inductor can
be reduced, so that the problem of a chip component
regarding the self-resonant frequency can be solved. When
the reactance circuit is implemented by a composite circuit
including a series resonance circuit and a parallel resonance
circuit, it is possible to achieve both the advantage of the
series resonance circuit and the advantage of the parallel
resonance circuit.

In another preferred embodiment of the present invention,
a wireless communication device that allows transmission
and reception in a wide band at a low voltage can be
provided.

Other features, elements, steps, characteristics and advan-
tages of the present invention will be described below with
reference to preferred embodiments thereof and the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view showing an antenna
according to a first preferred embodiment of the present
invention.

FIG. 2 is a diagram for explaining the variable states of
multiple resonances.

FIG. 3A and FIG. 3B are diagrams for explaining that a
wide bandwidth can be achieved at a low voltage.

FIG. 4 is a schematic plan view showing an antenna
according to a second preferred embodiment of the present
invention.

FIG. 5A and FIG. 5B are circuit diagrams showing
examples of a first reactance circuit including a series
circuit.

FIGS. 6 A-6D are circuit diagrams showing examples of a
second reactance circuit of the variable type.

FIG. 7 is a schematic plan view showing an antenna
according to a third preferred embodiment of the present
invention.

FIGS. 8A-8E are circuit diagrams showing examples of
the second reactance circuit of the fixed type.

FIG. 9 is a schematic plan view showing a modification
of the third preferred embodiment of the present invention.

FIG. 10 is a schematic plan view showing an antenna
according to a fourth preferred embodiment of the present
invention.

FIG. 11A and FIG. 11B are circuit diagrams showing
examples of the first reactance circuit including a parallel
circuit.
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FIGS. 12A-12C are schematic plan views showing modi-
fications of the fourth preferred embodiment, and part (a) of
FIG. 12 shows a first modification, part (b) of FIG. 12 shows
a second modification, and part (¢) of FIG. 12 shows a third
modification.

FIG. 13 is a schematic plan view showing an antenna
according to a fifth preferred embodiment of the present
invention.

FIG. 14A and FIG. 14B are diagrams showing curves
representing return loss that is caused due to the character-
istics of an added inductor, and part (a) of FIG. 14 shows a
case where the inductor is provided as a choke coil, and part
(b) of FIG. 14 shows a case where the inductor is provided
to allow adjustment of a resonant frequency.

FIG. 15A and FIG. 15B are schematic plan views showing
modifications of the fifth preferred embodiment, and part (a)
of FIG. 15 shows a first modification, and part (b) of FIG.
15 shows a second modification.

FIG. 16 is a schematic plan view showing an antenna
according to a sixth preferred embodiment of the present
invention.

FIG. 17 is a perspective view showing an antenna accord-
ing to a seventh preferred embodiment of the present inven-
tion.

FIG. 18 is a schematic plan view showing an antenna
according to an eighth preferred embodiment of the present
invention.

FIG. 19 is a diagram showing a curve representing return
loss that is caused due to the characteristics of an added
inductor.

FIG. 20 is a schematic plan view showing an antenna
according to a ninth preferred embodiment of the present
invention.

FIG. 21 is a diagram showing a curve representing return
loss that is caused due to the characteristics of two added
inductors.

FIG. 22 is a schematic plan view showing an antenna
according to a tenth preferred embodiment of the present
invention.

FIG. 23 is a diagram showing a curve representing return
loss that is caused due to the characteristics of three added
inductors.

FIG. 24 is a schematic plan view showing an antenna
according to an eleventh preferred embodiment of the
present invention.

FIG. 25 is a diagram showing a curve representing return
loss that is caused due to the characteristics of an added
series resonance circuit.

FIG. 26 is a diagram showing comparison between the
reactance of a discrete inductor and the reactance of a series
resonance circuit.

FIG. 27 is a schematic plan view showing an antenna
according to a twelfth preferred embodiment of the present
invention.

FIG. 28 is a diagram showing a curve representing return
loss that is caused due to the characteristics of an added
series resonance circuit.

FIG. 29 is a schematic plan view showing an antenna
according to a thirteenth preferred embodiment of the
present invention.

FIG. 30 is a diagram showing a curve representing return
loss that is caused due to the characteristics of an added
series resonance circuit.

FIG. 31 is a schematic plan view showing a modification
in which a radiating electrode is directly disposed on an
additional radiating electrode.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Now, the best mode of the present invention will be
described with reference to the drawings.

First Preferred Embodiment

FIG. 1 is a schematic plan view showing an antenna
according to a first preferred embodiment of the present
invention.

An antenna 1 according to this preferred embodiment is
preferably provided on a wireless communication device,
such as a cellular phone.

As shown in FIG. 1, an antenna 1 is provided in a
non-ground region 101 of a circuit board 100 of the wireless
communication device, and the antenna 1 exchanges high-
frequency signals with a transceiver 110 mounted on a
ground region 102. Furthermore, a DC control voltage Vc is
input to the antenna 1 from a reception-frequency controller
120 provided in the transceiver 110.

The antenna 1 includes a first antenna section 2 and a
second antenna section 3, and the first and second antenna
sections 2 and 3 share a frequency-changing circuit 4.

In the first antenna section 2, a radiating electrode 6 is
connected to a feeding electrode 5 via the frequency-chang-
ing circuit 4. More specifically, a matching circuit consti-
tuted by inductors 111 and 112 is disposed on the non-
ground region 101, and the feeding electrode 5 defined by a
conductor pattern is connected to the transceiver 110 via the
matching circuit. That is, the feeding electrode 5 constitutes
a feeding section of the first antenna section 2. The radiating
electrode 6 is preferably defined by a conductor pattern
connected to the feeding electrode 5 via the frequency-
changing circuit 4, with an open distal end 60 thereof
opposing the feeding electrode 5 via a certain gap G. Thus,
the first antenna section 2 defines a loop as a whole. Since
the gap G causes a capacitance between the feeding elec-
trode 5 and the radiating electrode 6, the reactance of the first
antenna section 2 can be changed to a desired value by
changing the size of the gap G.

The frequency-changing circuit 4 is disposed between the
feeding electrode 5 and the radiating electrode 6 of the first
antenna section 2. The frequency-changing circuit 4 allows
changing the resonant frequency of the first antenna section
2 by changing its reactance value and thereby changing the
electrical length of the first antenna section 2.

The frequency-changing circuit 4 has a circuit configu-
ration in which a first reactance circuit 4a (denoted as “jX1”
in FIG. 1), which is connected to the feeding electrode 5, is
connected to a second reactance circuit 45 (denoted as “jX2”
in FIG. 1) connected to the radiating electrode 6. A reactance
of the first reactance circuit 4a can be changed according to
the control voltage Vc.

The first reactance circuit 4a is a series circuit including
a variable capacitor or a parallel circuit including a variable
capacitor.

The second reactance circuit 45 is a circuit whose reac-
tance can be controlled according to the control voltage Vc,
i.e., a series circuit including a variable capacitor or a
parallel circuit including a variable capacitor, or a circuit
whose reactance is fixed, i.e., a series circuit including a
fixed capacitor or a parallel circuit including a fixed capaci-
tor.

A node P between the first reactance circuit 4a and the
second reactance circuit 4b is connected to the reception-
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frequency controller 120 via a high-frequency-cut resistor
121 and a DC-pass capacitor 122.

Thus, when the control voltage Vc from the reception-
frequency controller 120 is applied to the node P, the
reactances of the first and second reactance circuits 4a and
4b change according to the magnitude of the control voltage
Ve.

The second antenna section 3 includes an additional
radiating electrode 7 and the feeding electrode 5. The
additional radiating electrode 7 having an open distal end is
connected in the middle of the frequency-changing circuit 4.

More specifically, the additional radiating electrode 7 of
the conductor pattern is connected to the node P between the
first and second reactance circuits 4a and 45 via a resonant-
frequency adjusting inductor 70. Thus, the second antenna
section 3 includes and is preferably defined by the feeding
electrode 5, the first reactance circuit 4a of the frequency-
changing circuit 4, and the additional radiating electrode 7.
When the reactance of the first reactance circuit 4a of the
frequency-changing circuit 4 changes by applying the con-
trol voltage V¢ to the node P, the electrical length of the
second antenna section 3 changes, whereby the resonant
frequency of the second antenna section 3 changes.

Next, the operation and advantages exhibited by the
antenna according to this preferred embodiment will be
described.

FIG. 2 is a diagram for explaining the variable states of
multiple resonances, and FIGS. 3A. and 3B are diagrams for
explaining that a wide bandwidth can be achieved at a low
voltage.

Since the first antenna section 2 includes and is defined by
the feeding electrode 5, the frequency-changing circuit 4,
and the radiating electrode 6, and the second antenna section
3 includes and is defined by the feeding electrode 5, the first
reactance circuit 4a of the frequency-changing circuit 4, and
the additional radiating electrode 7 as described above, two
resonant states of a resonant frequency fl associated with
the first antenna section 2 and a resonant frequency f2
associated with the second antenna section 3 can be
achieved. With a design in which the length of the radiating
electrode 6 is longer than the length of the additional
radiating electrode 7, the resonant frequency f1 associated
with the first antenna section 2 becomes lower than the
resonant frequency f2 associated with the second antenna
section 3, so that a return-loss curve S1 represented by a
solid line in FIG. 2 is obtained. Thus, when the second
reactance circuit 45 is a variable circuit that can be con-
trolled according to the control voltage Vc as described
earlier, by applying the control voltage V¢ from the recep-
tion-frequency controller 120 to the node P of the frequency-
changing circuit 4, the reactances of the first and second
reactance circuits 4a and 4b change, so that the electrical
length of the first antenna section 2 changes. As a result, as
indicated by a return-loss curve S2 represented by a broken
line in FIG. 2, the resonant frequency f1 of the first antenna
section 2 is shifted to a frequency f1' by an amount of change
M1 corresponding to the magnitude of the control voltage
Ve. At the same time, the resonant frequency f2 of the
second antenna section 3 is shifted to a frequency f2' by an
amount of change M2 corresponding to change in the
reactance of a variable-capacitance diode 42. Thus, through
the design of parts of the first and second reactance circuits
4a and 4b, it is possible to make the amount of change M1
of the resonant frequency f1 and the amount of change M2
of the resonant frequency 2 equal or different and to change
the resonant frequencies f1 and f2 within desired ranges.
Since the reactance of the second reactance circuit 45 is also
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variable, it is possible to change the resonant frequency f1
of the first antenna section 2 to various values.

Furthermore, with the antenna 1 according to this pre-
ferred embodiment, it is possible to achieve a wide band-
width with the control voltage Vc at a low voltage. More
specifically, as shown in part (a) of FIG. 3, when it is
attempted to achieve a wide bandwidth so as to allow
transmission and reception at frequencies fl to f3 using a
single-resonance antenna with the resonant frequency f1
alone, it is necessary to apply a large control voltage Vc to
a frequency-changing circuit to change the resonant fre-
quency fl1 by an amount of change M so that the resonant
frequency f1 ranges from the frequency f1 to the frequency
3. Thus, this type of antenna is not suitable for a wireless
communication device such as a cellular phone, for which
low-voltage operation is required.

In contrast, in the antenna 1 according to this preferred
embodiment of the present invention, the resonant frequen-
cies f1 and f2 of two resonant states can be changed
simultaneously according to the control voltage Vc. Thus, as
shown in part (b) of FIG. 3, transmission and reception with
a wide bandwidth corresponding to the frequencies f1 to 3
are allowed by changing the resonant frequency {2 up to a
desired frequency f2' (=f3) and changing the resonant fre-
quency f1 up to a frequency fl1' that is higher than or equal
to a lowest frequency 12 of the resonant frequency f2. At this
time, the amounts of change of the resonant frequencies f1
and 2 are M1 and M2, respectively, and each of the amounts
of change is much smaller than the amount of change M in
the case of single resonance. That is, in the antenna 1,
transmission and reception with a wide bandwidth corre-
sponding to the frequencies fl to f3 are allowed since the
resonant frequencies fl and f2 can be changed within the
range of the frequencies fl to f3 according to a low control
voltage Vc that causes changes by the slight amounts of
change M1 and M2. Accordingly, using the antenna 1,
transmission and reception with a wide bandwidth are
allowed even in a wireless communication device or the like,
for which low-voltage operation is required.

Furthermore, in the antenna 1, when a control voltage Ve
having the same magnitude as in the case of single resonance
is applied to the frequency-changing circuit 4, transmission
and reception in a wide range far exceeding the frequencies
f1 to f3 are allowed. Depending on the design of parts of the
frequency-changing circuit 4, it is possible to achieve a
bandwidth that is double or even wider than the bandwidth
in the case of single resonance.

Second Preferred Embodiment

FIG. 4 is a schematic plan view showing an antenna
according to a second preferred embodiment of the present
invention. FIGS. 5A and 5B are circuit diagrams showing
specific examples of the first reactance circuit 4a preferably
includes a series circuit, and FIGS. 6A-6D are circuit
diagrams showing specific examples of the second reactance
circuit 45 of the variable type.

In an antenna 1 according to this preferred embodiment,
specific variable series circuits are used as the first reactance
circuit 4a and the second reactance circuit 45 in the first
embodiment.

The first reactance circuit 4a preferably is a series circuit
including a variable capacitor or a parallel circuit including
a variable capacitor. In this preferred embodiment, a series
circuit including a variable capacitor is used. The series
circuit including a variable capacitor may be a series circuit
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shown in part (a) or (b) of FIG. 5. In this example, the series
circuit shown in part (a) of FIG. 5 is used.

The second reactance circuit 44 is a series circuit includ-
ing a variable capacitor or a parallel circuit including a
variable capacitor, or a series circuit including a fixed
capacitor or a parallel circuit including a fixed capacitor. In
this preferred embodiment, a series circuit including a
variable capacitor or a parallel circuit including a variable
capacitor is used. The series circuit including a variable
capacitor or a parallel circuit including a variable capacitor
may be any of circuits shown in parts (a) to (d) of FIG. 6.
In this example, the series circuit shown in part (a) of FIG.
6, which is a variable circuit, is used.

More specifically, as shown in FIG. 4, the first reactance
circuit 4a preferably includes a series circuit in which an
inductor 41 connected to the feeding electrode 5 is con-
nected to the anode side of a variable-capacitance diode 42
as a variable capacitor, and the second reactance circuit 45
includes of a series circuit in which an inductor 43 connected
to the radiating electrode 6 is connected to the anode side of
a variable-capacitance diode 44 as a variable capacitor. The
terminals of the variable-capacitance diodes 42 and 44 with
the same polarity (the cathodes thereof) are connected to
each other, and a node P therebetween is connected to the
reception-frequency controller 120 via the high-frequency-
cut resistor 121 and the DC-pass capacitor 122. Since the
potentials at the anode sides of the variable-capacitance
diodes 42 and 44 must be both zero, an inductor 4c¢ is
connected between an end of the inductor 41 on the side of
the feeding electrode 5 and an end of the inductor 43 on the
side of the radiating electrode 6.

Thus, when the control voltage Vc is applied from the
reception-frequency controller 120 to the node P of the
frequency-changing circuit 4, the capacitances of the vari-
able-capacitance diodes 42 and 44 change and therefore the
electrical length of the first antenna section 2 changes, so
that the resonant frequency of the first antenna section 2 is
shifted to a resonant frequency corresponding to the mag-
nitude of the control voltage Vc. At the same time, the
resonant frequency of the second antenna section 3 is shifted
in accordance with change in the reactance of the variable-
capacitance diode 42.

In this preferred embodiment, as the second reactance
circuit 4b connected to the first reactance circuit 4a includ-
ing a series-connection circuit, the circuit shown in part (a)
of FIG. 6, in which the inductor 43 and the variable-
capacitance diode 44 are connected in series, is used.
However, without limitation thereto, any series circuit or
parallel circuit including the variable-capacitance diode 44
may be used. Thus, any of the parallel circuits shown in part
(d) of FIG. 6 may be used as the second reactance circuit 4b.

Third Preferred Embodiment

Next, a third preferred embodiment of the present inven-
tion will be described.

FIG. 7 is a schematic plan view showing an antenna
according to the third preferred embodiment of the present
invention. FIGS. 8A-8E are circuit diagrams showing spe-
cific examples of the second reactance circuit 45 of the fixed
type.

In the second preferred embodiment described above, a
series circuit including a variable capacitor is preferably
used as the first reactance circuit 4a, and a series circuit
including a variable capacitor or a parallel circuit including
a variable capacitor is preferably used as the second reac-
tance circuit 4b. In this preferred embodiment, as the second
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reactance circuit 45, a series circuit including a fixed capaci-
tor or a parallel circuit including a fixed capacitor is pref-
erably used.

The series circuit including a fixed capacitor or the
parallel circuit including a fixed capacitor may be any of
circuits shown in parts (a) to (e) of FIG. 8. In this example,
the series circuit shown in part (a) of FIG. 8, which is a fixed
circuit, is used.

More specifically, as shown in FIG. 7, similarly to the first
preferred embodiment described earlier, the first reactance
circuit 4a of the frequency-changing circuit 4 preferably
includes a series circuit of the inductor 41 and the variable-
capacitance diode 42, and the second reactance circuit 45
preferably includes a series circuit of a capacitor 45 as a
fixed capacitor and the inductor 43. Furthermore, the vari-
able-capacitance diode 42 of the first reactance circuit 4a is
connected to the capacitor 45 of the second reactance circuit
4b, and a control voltage Ve for controlling the capacitance
of the variable-capacitance diode 42 is applied to a node P
therebetween.

With the configuration described above, since the reac-
tance of the second reactance circuit 45 is fixed, the variable-
capacitance diode 44 or the like, which is expensive, is not
needed, so that manufacturing cost is reduced accordingly.

The configuration, operation, and advantages are other-
wise similar to those of the second preferred embodiment
described earlier, so that description thereof will be omitted.

In the present preferred embodiment, the circuit shown in
part (a) of FIG. 8, in which the inductor 43 and the capacitor
45 are connected in series, is preferably used as the second
reactance circuit 45 connected in series with the first reac-
tance circuit 4a including a series-connection circuit. How-
ever, without limitation thereto, any series circuit or parallel
circuit including the capacitor 45 may be used. Thus, the
parallel circuit shown in part (e) of FIG. 8 may be used. That
is, by forming the second reactance circuit 4b of a parallel
circuit in which the inductor 43 and the capacitor 45 are
connected in parallel and connecting the cathode side of the
variable-capacitance diode 42 to the second reactance circuit
4b as shown in FIG. 9, it is possible to achieve operation and
advantages similar to those in this preferred embodiment.

Fourth Preferred Embodiment

Next, a fourth preferred embodiment of the present inven-
tion will be described.

FIG. 10 is a schematic plan view showing an antenna
according to the fourth preferred embodiment of the present
invention, and FIGS. 11A and 11B are circuit diagrams
showing specific examples of the first reactance circuit 4a
including a parallel circuit.

In the second and third preferred embodiments described
above, a series circuit including a variable capacitor is
preferably used as the first reactance circuit 4a. In the
present preferred embodiment, a parallel circuit including a
variable capacitor is preferably used as the first reactance
circuit 4a.

The parallel circuit including a variable capacitor may be
any of circuits shown in parts (a) and (b) of FIG. 11. In this
example, the parallel circuit shown in part (a) of FIG. 11 is
used.

More specifically, as shown in FIG. 10, the first reactance
circuit 4a including a parallel circuit is preferably defined by
connecting a series circuit including an inductor 47 and a
shared capacitor 48 in parallel to a series circuit including
the inductor 41 and the variable-capacitance diode 42.
Furthermore, regarding the second reactance circuit 4b,
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similarly, the second reactance circuit 45 including a parallel
circuit is defined by connecting a series circuit including an
inductor 46 and the shared capacitor 48 in parallel to a series
circuit including the inductor 43 and the variable-capaci-
tance diode 44.

Furthermore, the terminals of the variable-capacitance
diodes 42 and 44 with the same polarity are connected to
each other, a control voltage V¢ for controlling the capaci-
tances of the variable-capacitance diodes 42 and 44 is
applied to a node P therebetween.

With the configuration described above, since the first
reactance circuit 4a of the frequency-changing circuit 4
includes a parallel circuit, compared with the case where a
series circuit is used, the reactance of the first reactance
circuit 4a can be changed more extensively.

Furthermore, by using one of the inductors 46 and 47 as
a choke coil, it is possible to configure one of the first and
second reactance circuits 4a and 4b as a reactance circuit
including a series circuit and to configure the other as a
reactance circuit including a parallel circuit. Thus, for
example, by using the inductor 46 as a choke coil, the second
antenna section 3 preferably includes and is defined by the
feeding electrode 5, the series circuit of the inductor 41 and
the variable-capacitance diode 42, and the additional radi-
ating electrode 7, and the setting and variable range of the
resonant frequency f2 are determined under this condition.
The capacitor 48 functions as a DC-cut capacitor.

The configuration, operation, and advantages are other-
wise similar to those of the second and third preferred
embodiments described earlier, so that description thereof
will be omitted.

In this preferred embodiment, as an example, the parallel
circuit shown in part (c) of FIG. 8 is connected as the second
reactance circuit 45 connected to the first reactance circuit
4a including a parallel circuit. However, without limitation
thereto, any of the circuits shown in FIGS. 6 and 8 may be
used as the second reactance circuit 45. Thus, modifications
shown in FIGS. 12A-12C are possible. That is, as a com-
bination of connection of the first reactance circuit 4a and
the second reactance circuit 45, for example, a combination
of the parallel circuit shown in FIG. 11(a) and the variable
parallel circuit shown in part (d) of FIG. 6, shown in part (a)
of FIG. 12, a combination of the parallel circuit shown in
part (b) of FIG. 11 and the fixed series circuit shown in part
(a) of FIG. 8, shown in part (b) of FIG. 12, or a combination
of the parallel circuit shown in part (a) of FIG. 11 and the
fixed parallel circuit shown in part (d) of FIG. 8, may be
used.

Fifth Preferred Embodiment

Next, a fifth preferred embodiment of the present inven-
tion will be described.

FIG. 13 is a schematic plan view showing an antenna
according to the fifth preferred embodiment of the present
invention. FIGS. 14A and 14B are diagrams showing curves
representing return loss that is caused due to the character-
istics of an added inductor. Part (a) of FIG. 14 shows a case
where the inductor is provided as a choke coil, and part (b)
of FIG. 14 shows a case where the inductor is provided to
allow adjustment of the resonant frequency.

The present preferred embodiment differs from the first to
fourth preferred embodiments in that an inductor 40 is added
in parallel across the first and second reactance circuits 4a
and 4b of the frequency-changing circuit 4, as shown in FIG.
13.





US 7,375,695 B2

13

In an example described below, the inductor 40 is con-
nected to the frequency-changing circuit 4 in which the
variable series circuit shown in part (a) of FIG. 5 is used as
the first reactance circuit 4a and in which the variable circuit
shown in part (b) of FIG. 6 is used as the second reactance
circuit 4b.

That is, the inductor 40 is disposed between the feeding
electrode 5 and the radiating electrode 6, and the ends of the
inductor 40 are connected respectively to the cathode sides
of the variable-capacitance diodes 42 and 44.

Thus, with the inductor 40 provided as a choke coil, noise
can be removed from the band, and it is possible to greatly
shift only an arbitrary resonant frequency. Thus, as indicated
by a return-loss curve S1 represented by a solid line and a
return-loss curve S2 represented by a broken line in part (a)
of FIG. 14, it is possible to shift only the resonant frequency
f1 so that the amount of change M1 of the resonant fre-
quency f1 is larger than the amount of change M2 of the
resonant frequency f2.

Also, when the inductor 40 is provided to allow adjust-
ment of the resonant frequency, it is possible to configure a
third antenna section including the feeding electrode 5, the
inductor 40, and the radiating electrode 6. As a result, as
indicated by a return-loss curve S1 represented by the solid
line in part (b) of FIG. 14, a new resonant frequency 0
associated with the third antenna section is generated in a
frequency range that is lower than the resonant frequency f1
of the first antenna section 2, so that the low band is
obtained. Also, as indicated by a return-loss curve S2
represented by a broken line, the resonant frequency {0 of
the third antenna section can be changed arbitrarily by
adjusting the inductance of the inductor 40.

The configuration, operation, and advantages are other-
wise similar to those of the first to fourth preferred embodi-
ments described earlier, so that description thereof will be
omitted.

In the present preferred embodiment, the frequency-
changing circuit 4 is preferably defined by using the variable
series circuit shown in part (a) of FIG. 5 as the first reactance
circuit 4a and using the variable circuit shown in part (b) of
FIG. 6 as the second reactance circuit 45. However, it
suffices that the inductor 40 is added in parallel to and across
the first and second reactance circuits 4a and 4b, and
otherwise there is no limitation to the configuration of the
frequency-changing circuit 4. Thus, an antenna shown in
FIGS. 15A and 15B can be proposed.

That is, it is possible to achieve operation and advantages
similar to those of this preferred embodiment by connecting
the inductor 40 in parallel to the frequency-changing circuit
4 having the configuration according to the second preferred
embodiment, as shown in part (a) of FIG. 15. Also, it is
possible to achieve operation and advantages similar to
those of this preferred embodiment by using a series circuit
including the inductor 43 and the capacitor 45 as the second
reactance circuit 45, as shown in part (b) of FIG. 15.

Sixth Preferred Embodiment

Next, a sixth preferred embodiment of the present inven-
tion will be described.

FIG. 16 is a schematic plan view showing an antenna
according to the sixth preferred embodiment of the present
invention.

In this preferred embodiment, in addition to the configu-
ration of the fourth preferred embodiment described earlier,
an additional radiating electrode 7' separate from the addi-
tional radiating electrode 7 of the second antenna section 3
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is connected to the node P via a resonant-frequency adjust-
ing inductor 71, and an additional radiating electrode 6' is
connected to the radiating electrode 6 via a resonant-fre-
quency adjusting inductor 61. The control voltage Vc is
applied to the node P.

Thus, a third antenna section includes and is defined by
the feeding electrode 5, the first reactance circuit 4a, the
resonant-frequency adjusting inductor 71, and the additional
radiating electrode 7', and a fourth antenna section includes
and is defined by the feeding electrode 5, the frequency-
changing circuit 4, and the additional radiating electrode 6',
so that a four-resonance antenna is provided. That is, it is
possible to further increase the number of resonances, so that
a multi-band antenna compatible with multimedia can be
provided.

The configuration, operation, and advantages are other-
wise the same as those of the preferred embodiments
described earlier, so that description thereof will be omitted.

Seventh Preferred Embodiment

Next, a seventh preferred embodiment of the present
invention will be described.

FIG. 17 is a perspective view showing an antenna accord-
ing to the seventh preferred embodiment of the present
invention.

In this preferred embodiment, antenna elements, such as
the feeding electrode 5, the frequency-changing circuit 4, the
radiating electrode 6, and the additional radiating electrode
7, are preferably disposed on a predetermined dielectric
base.

This preferred embodiment will be described in the con-
text of an example where the antenna shown in part (a) of
FIG. 15 is disposed on a surface of a dielectric base 8, as
shown in FIG. 17.

More specifically, the dielectric base 8 preferably has a
substantially rectangular shape having a front surface 80,
side surfaces 81 and 82, a top surface 83, a bottom surface
84, and a rear surface 85, and is mounted on the non-ground
region 101 of the circuit board 100.

The feeding electrode 5 is arranged so as to have a pattern
extending from the front surface 80 to the top surface 83 on
the left side of the dielectric base 8. On the non-ground
region 101, a pattern 113 is provided, and the pattern 113 is
connected to the transceiver 110 via the inductor 112. One
end 5a of the feeding electrode 5 is connected to the pattern
113, and the other end 55 is connected to the frequency-
changing circuit 4. In the frequency-changing circuit 4, the
inductor 41 and the variable-capacitance diode 42 of the first
reactance circuit 4a and the inductor 43 and the variable-
capacitance diode 44 of the second reactance circuit 4b are
preferably implemented individually by chip components,
and the chip components are connected via a pattern 48
disposed on the top surface 83.

The inductor 40 is arranged on the top surface 83 across
the first reactance circuit 4a and the second reactance circuit
4b. More specifically, a pattern 49 that is parallel to the
pattern 48 is provided, and the inductor 40 is disposed in the
middle of the pattern 49.

The radiating electrode 6 has an electrode section 6a
extending rightward from a connecting portion of the pat-
terns 48 and 49 along the upper end of the top surface 83 and
then extending downward on the side surface 81. An elec-
trode section 6b, which is continuous with the electrode
section 6a, extends leftward on the bottom surface 84 and
then extends upward on the side surface 82. A top end of the
electrode section 65 is joined with an electrode section 6¢
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disposed at a corner on the top surface 83. That is, the
radiating electrode 6 is constituted by the electrode sections
6a to 6¢, and defines a loop as a whole.

Furthermore, a pattern 72 extends from a connecting
portion of the variable-capacitance diodes 42 and 44 of the
frequency-changing circuit 4. The pattern 72 extends on the
top surface 83 and the front surface 80 and is connected to
a pattern 123 disposed on the non-ground region 101 and
extending to the reception-frequency controller 120. The
high-frequency-cut capacitor 121 is disposed in the middle
of the pattern 72.

The additional radiating electrode 7 is arranged so as to
have a pattern extending substantially perpendicularly to the
pattern 72 described above, and is connected to the pattern
72 via the resonant-frequency adjusting inductor 70.

With the configuration described above, it is possible to
adjust the reactances of the first and second antenna sections
2 and 3 by changing the dielectric constant of the dielectric
base 8.

The configuration, operation, and advantages are other-
wise the same as those of the first to sixth preferred
embodiments described above, so that description thereof
will be omitted.

Although substantially all the antenna elements, such as
the feeding electrode 5, are disposed on the dielectric base
8 in this preferred embodiment, it is possible to provide only
some of the antenna elements on the dielectric base 8. Also,
although the antenna shown in part (a) of FIG. 15 is
preferably provided on a surface of the dielectric base 8 in
this preferred embodiment, without limitation thereto, obvi-
ously, any of the antennas according to all the preferred
embodiments described above may be disposed on a surface
of the dielectric base 8.

Eighth Preferred Embodiment

Next, an eighth preferred embodiment of the present
invention will be described.

FIG. 18 is a schematic plan view showing an antenna
according to the eighth preferred embodiment of the present
invention, and FIG. 19 is a diagram showing a curve
representing return loss that is caused due to the character-
istics of an added inductor.

This preferred embodiment differs from the preferred
embodiments described above in that a discrete inductor 90
is connected in the middle of the additional radiating elec-
trode 7 of the second antenna section 3, as shown in FIG. 18.

More specifically, one end 90a of the inductor 90 is
connected to the distal-end side of the additional radiating
electrode 7, and the other end 904 is connected to the ground
region 102 (see FIG. 1).

With the configuration described above, as indicated by a
return-loss curve S1 in FIG. 19, assuming that the resonant
frequency associated with the inductor 111, the feeding
electrode 5, and a frequency-changing-circuit portion 4' is
10, the resonant frequency associated with the inductor 111,
the feeding electrode 5, the frequency-changing circuit 4,
and the radiating electrode 6 is fl, and the resonant fre-
quency associated with the inductor 111, the feeding elec-
trode 5, the frequency-changing circuit 4, the resonant-
frequency adjusting inductor 70, and the additional radiating
electrode 7 is 12, a resonant frequency fa associated with the
inductor 111, the feeding electrode 5, the frequency-chang-
ing circuit 4, the resonant-frequency adjusting inductor 70,
the additional radiating electrode 7, and the inductor 90 is
newly generated.
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As the inductor 90, an inductor that exhibits a high
impedance when it is connected to the additional radiating
electrode 7 and the ground region 102 is preferably chosen,
so that degradation of antenna gain is prevented. By using
the inductor 90 with a high impedance, without significantly
affecting the resonant frequency f2 associated with the
inductor 111, the feeding electrode 5, the frequency-chang-
ing circuit 4, the resonant-frequency adjusting inductor 70,
and the additional radiating electrode 7, the new resonant
frequency fa, which is lower than the frequency of the
additional radiating electrode 7 at the source of branching,
is generated. When the low resonant frequency is obtained
using only an electrode, a considerably long electrode must
be used, so that the cubic size of the antenna increases.
However, by generating the new resonant frequency fa using
the inductor 90 as in this preferred embodiment instead of
using an electrode, the cubic size of the antenna can be
reduced.

Furthermore, since the frequency-changing circuit 4
including the variable-capacitance diodes 42 and 44 is
disposed between the feeding electrode 5 and the radiating
electrode 6 and between the feeding electrode 5 and the
additional radiating electrode 7, by applying the control
voltage Ve to the frequency-changing circuit 4, the resonant
frequencies 0, fa, f1, and f2 can be changed as a whole, as
indicated by a return-loss curve S2 represented by a broken
line in FIG. 19.

By setting the resonant frequencies f0, fa, f1, and 2
appropriately, FM electromagnetic waves, electromagnetic
waves in the VHF band, and electromagnetic waves in the
UHF band can be received.

The configuration, operation, and advantages are other-
wise the same as those of the preferred embodiments
described above, so that description thereof will be omitted.

Although the inductor 90 is preferably connected in the
middle of the additional radiating electrode 7 of the second
antenna section in the present preferred embodiment, the
inductor 90 may be provided on the side of the open distal
end 7a of the additional radiating electrode 7. However,
antenna gain could be degraded when the inductor 90 is
disposed too close to the side of the open distal end 7a, so
that it is preferable that the inductor 90 be connected to the
additional radiating electrode 7 with consideration of this
point.

Furthermore, although the inductor 90 is connected only
to the additional radiating electrode 7 of the second antenna
section in this preferred embodiment, it is possible to
connect the inductor 90 only to the middle of the radiating
electrode 6 of the first antenna section 2 instead of connect-
ing to the additional radiating electrode 7.

Furthermore, although one inductor 90 is connected as the
inductor 90, without limitation thereto, a plurality of induc-
tors 90 may be connected in parallel.

Ninth Preferred Embodiment

Next, a ninth preferred embodiment of the present inven-
tion will be described.

FIG. 20 is a schematic plan view showing an antenna
according to the ninth preferred embodiment of the present
invention, and FIG. 21 is a diagram showing a curve
representing return loss that is caused due to the character-
istics of two added inductors.

This embodiment differs from the eighth preferred
embodiment described above in that a discrete inductor 91
is connected also in the middle of the radiating electrode 6
of the first antenna section 2, as shown in FIG. 20.
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More specifically, one end 91a of the inductor 91 is
connected to a bent portion 6d of the radiating electrode 6,
and the other end 915 is connected to the ground region 102.

Thus, as indicated by a return-loss curve S1 in FIG. 21, in
addition to the resonant frequency f0 associated with the
inductor 111, the feeding electrode 5, and the frequency-
changing-circuit portion 4', the resonant frequency fa asso-
ciated with the inductor 111, the feeding electrode 5, the
frequency-changing circuit 4, the resonant-frequency adjust-
ing inductor 70, the additional radiating electrode 7, and the
inductor 90, the resonant frequency f1 associated with the
inductor 111, the feeding electrode 5, the frequency-chang-
ing circuit 4, and the radiating electrode 6, and the resonant
frequency 12 associated with the inductor 111, the feeding
electrode 5, the frequency-changing circuit 4, the resonant-
frequency adjusting inductor 70, and the additional radiating
electrode 7, a new resonant frequency fb, which is lower
than the frequency of the radiating electrode 6 at the source
of branching, is newly generated by the inductor 111, the
feeding electrode 5, the frequency-changing circuit 4, the
radiating electrode 6, and the inductor 91.

The inductor 91 preferably is also an inductor with a high
impedance, similarly to the inductor 90, and the resonant
frequency b is a low frequency located between the reso-
nant frequencies fa and f1.

By applying the control voltage Vc to the frequency-
changing circuit 4, the resonant frequencies 10, fa, b, f1, and
f2 can be changed as a whole, as indicated by a return-loss
curve S2 represented by a broken line in FIG. 21.

The configuration, operation, and advantages are other-
wise the same as those of the eighth preferred embodiment
described earlier, so that description thereof will be omitted.

Tenth Preferred Embodiment

Next, a tenth preferred embodiment of the present inven-
tion will be described.

FIG. 22 is a schematic plan view showing an antenna
according to the tenth preferred embodiment of the present
invention, and FIG. 23 is a diagram showing a curve
representing return loss that is caused due to the character-
istics of three added inductors.

This preferred embodiment differs from the eighth and
ninth preferred embodiments described above in that, in an
antenna in which additional radiating electrodes 6' and 7'
separate from the additional radiating electrode 7 of the
second antenna section 3 are provided, discrete inductors 92
and 93 are also connected to the additional radiating elec-
trodes 6' and 7', respectively, as shown in FIG. 22.

More specifically, one end 92a of the inductor 92 is
connected to a bent portion 6e of the radiating electrode 6,
and the other end 925 is connected to the ground region 102.
Also, one end 93a of the inductor 93 is connected to an open
distal end of the additional radiating electrode 7', and the
other end 935 is connected to the ground region 102.

Thus, as indicated by a return-loss curve S1 in FIG. 23, in
addition to the resonant frequencies f0, fa, f1, and 2, a new
resonant frequency fb, which is lower than the frequency of
the additional radiating electrode 6' at the source of branch-
ing, is newly generated by the inductor 111, the feeding
electrode 5, the frequency-changing circuit 4, the radiating
electrode 6, the resonant-frequency adjusting inductor 61,
the additional radiating electrode 6', and the inductor 92, and
a new resonant frequency fc, which is lower than the
frequency of the additional radiating electrode 7' at the
source of branching, is newly generated by the inductor 111,
the feeding electrode 5, the frequency-changing circuit 4, the
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resonant-frequency adjusting inductor 71, the additional
radiating electrode 7' and the inductor 93.

These inductors 92 and 93 preferably are inductors with
high impedances, similarly to the inductors 90 and 91. The
resonant frequency fb is a low frequency located between
the resonant frequencies fa and fl, and the resonant fre-
quency fc is a low frequency located between the resonant
frequencies f0 and fa.

By applying the control voltage Vc to the frequency-
changing circuit 4, the resonant frequencies 10, fc, fa, b, 1,
and f2 can be changed as a whole, as indicated by a
return-loss curve S2 represented by a broken line in FIG. 23.

The configuration, operation, and advantages are other-
wise the same as those of the eighth and ninth preferred
embodiments described earlier, so that description thereof
will be omitted.

Eleventh Preferred Embodiment

Next, an eleventh preferred embodiment of the present
invention will be described.

FIG. 24 is a schematic plan view showing an antenna
according to the eleventh preferred embodiment of the
present invention. FIG. 25 is a diagram showing a curve
representing return loss that is caused due to the character-
istics of an added series resonance circuit. FIG. 26 is a
diagram showing comparison between the reactance of a
discrete inductor and the reactance of the series resonance
circuit.

This preferred embodiment differs from the eighth to
tenth preferred embodiments described above in that a series
resonance circuit 9 as a reactance circuit is connected to the
additional radiating electrode 7 of the second antenna sec-
tion 3, as shown in FIG. 24.

More specifically, the series resonance circuit 9 preferably
includes an inductor 94 and a capacitor 95 connected in
series. One end 94a of the inductor 94 is connected to the
distal-end side of the additional radiating electrode 7, and
one end 95a of the capacitor 95 is connected to the ground
region 102.

Thus, as indicated by a return-loss curve S1 in FIG. 25, in
addition to the resonant frequencies 0, 1, and f2, a new
frequency fa associated with the inductor 111, the feeding
electrode 5, the frequency-changing circuit 4, the resonant-
frequency adjusting inductor 70, the additional radiating
electrode 7, and the series resonance circuit 9 is newly
generated.

By applying the control voltage Vc to the frequency-
changing circuit 4, the resonant frequencies 0, fa, f1, and f2
can be changed as a whole, as indicated by a return-loss
curve S2 represented by a broken line in FIG. 25.

In a series resonance circuit such as the series resonance
circuit 9, as indicated by a reactance curve R1 in FIG. 26, the
slope of change of reactance in relation to frequency is large
compared with cases of discrete inductors 90 to 93 indicated
by a reactance curve R2. Thus, when the reactance of a
discrete inductor and the reactance of a series resonance
circuit needed for an additional resonance are equal, the
reactance at the resonant frequency of an electrode at the
source of branching (the additional radiating electrode 7 in
this preferred embodiment) is larger in the case of the series
resonance circuit compared with the case of the discrete
inductor. That is, in this preferred embodiment, by connect-
ing the series resonance circuit 9 to the additional radiating
electrode 7 instead of the inductor 90, a new resonant
frequency fa is obtained without significantly affecting the
resonant frequency 2 associated with the inductor 111, the
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feeding electrode 5, the frequency-changing circuit 4, the
resonant-frequency adjusting inductor 70, and the additional
radiating electrode 7. Thus, an antenna having favorable
operation characteristics can be provided.

The configuration, operation, and advantages are other-
wise the same as the eighth to tenth preferred embodiments
described earlier, so that description thereof will be omitted.

Twelfth Preferred Embodiment

Next, a twelfth preferred embodiment of the present
invention will be described.

FIG. 27 is a schematic plan view showing an antenna
according to the twelfth preferred embodiment of the present
invention, and FIG. 28 is a diagram showing a curve
representing return loss that is caused due to the character-
istics of an added series resonance circuit.

This embodiment differs from the eleventh preferred
embodiment described above in that a parallel resonance
circuit 9" as a reactance circuit is connected to the additional
radiating electrode 7 of the second antenna section 3, as
shown in FIG. 27.

More specifically, the parallel resonance circuit 9' pret-
erably includes an inductor 94' and a capacitor 95' connected
in parallel. One end 94' of the parallel resonance circuit 9' is
connected to the distal end of the additional radiating
electrode 7, and one end 95" of the other ends is connected
to the ground region 102.

Thus, as indicated by a return-loss curve S1 in FIG. 28, in
addition to the resonant frequencies 10, f1, and {2, a resonant
frequency fa associated with the inductor 111, the feeding
electrode 5, the frequency-changing circuit 4, the resonant-
frequency adjusting inductor 70, the additional radiating
electrode 7, and the parallel resonance circuit 9' is newly
generated.

By applying the control voltage Vc to the frequency-
changing circuit 4, the resonant frequencies 0, fa, f1, and f2
can be changed as a whole, as indicated by a return-loss
curve S2 represented by a broken line in FIG. 28.

In order to obtain a large reactance using the series
resonance circuit 9 in the eleventh preferred embodiment
described earlier, the inductor 94 that is used must have a
large constant (nH). Usually, a chip component is used as the
inductor 94. When a chip component having a large constant
is used, the self-resonant frequency decreases, so that the
inductivity is degraded. In contrast, by using the parallel
resonance circuit 9' as in this preferred embodiment, it is
possible to obtain a large reactance using the inductor 94'
having a small constant. Thus, by using the parallel reso-
nance circuit 9', the problem of a chip component regarding
the self-resonant frequency can be solved.

The configuration, operation, and advantages are other-
wise the same as the eleventh preferred embodiment
described earlier, so that description thereof will be omitted.

Thirteenth Preferred Embodiment

Next, a thirteenth preferred embodiment of the present
invention will be described.

FIG. 29 is a schematic plan view showing an antenna
according to the thirteenth preferred embodiment of the
present invention, and FIG. 30 is a diagram showing a curve
representing return loss that is caused due to the character-
istics of an added series resonance circuit.

This preferred embodiment differs from the eleventh and
twelfth preferred embodiments described above in that a
composite circuit 10 including the series resonance circuit 9
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and the parallel resonance circuit 9' is connected as a
reactance circuit to the additional radiating electrode 7 of the
second antenna section 3, as shown in FIG. 29.

More specifically, the composite circuit 10 preferably
includes the series resonance circuit 9 and the parallel
resonance circuit 9' connected in series. One end 94a of the
inductor 94 of the series resonance circuit 9 is connected to
the distal-end side of the additional radiating electrode 7,
and one end 94' of the parallel resonance circuit 9' is
connected to the ground region 102.

Thus, as indicated by a return-loss curve S1 in FIG. 30, in
addition to the resonant frequencies 0, f1, and {2, a resonant
frequency fa associated with the inductor 111, the feeding
electrode 5, the frequency-changing circuit 4, the resonant-
frequency adjusting inductor 70, the additional radiating
electrode 7, and the composite circuit 10 is newly generated.

By applying the control voltage Vc to the frequency-
changing circuit 4, the resonant frequencies 0, fa, f1, and f2
can be changed as a whole, as indicated by a return-loss
curve S2 represented by a broken line in FIG. 30.

With the configuration described above, it is possible to
achieve both the advantage of the series resonance circuit 9
that the new resonant frequency fa can be obtained without
significantly affecting the resonant frequency 2 associated
with the additional radiating electrode 7 and the advantage
of the parallel resonance circuit 9' that the problem of an
inductor chip component regarding the self-resonant fre-
quency can be solved.

The configuration, operation, and advantages are other-
wise the same as those of the eleventh and twelfth preferred
embodiments described earlier, so that descriptions thereof
will be omitted.

The present invention is not limited to the preferred
embodiments described above, and various alternatives or
modifications are possible without departing from the spirit
of the present invention.

For example, although the above-described preferred
embodiments have been described in the context of
examples where an additional radiating electrode is con-
nected to the node P of the frequency-changing circuit 4 or
the middle of the radiating electrode 6 via a resonant-
frequency adjusting inductor, an additional radiating elec-
trode 6' that is separate from the additional radiating elec-
trode 7 constituting the second antenna section 3 may be
disposed directly in the middle of the radiating electrode 6.

While preferred embodiments of the present invention
have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

What is claimed is:

1. An antenna comprising:

a first antenna section in which a radiating electrode
having an open distal end is connected to a feeding
electrode via a frequency-changing circuit; and

a second antenna section including an additional radiating
electrode and the feeding electrode, the additional
radiating electrode having an open distal end and being
connected to a middle portion of the frequency-chang-
ing circuit; wherein

the frequency-changing circuit includes a first reactance
circuit and a second reactance circuit connected to each
other, the first reactance circuit being connected to the
feeding electrode and having a reactance that is vari-
able according to a direct-current control voltage, and
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the second reactance circuit being connected to the
radiating electrode of the first antenna section; and

the additional radiating electrode of the second antenna
section branches from a node defined between the first
and second reactance circuits.

2. The antenna according to claim 1, wherein the second
reactance circuit has a reactance that is variable according to
the control voltage.

3. The antenna according to claim 1, wherein the second
reactance circuit has a reactance that is fixed.

4. The antenna according to claim 2, wherein the first
reactance circuit is a series circuit including a variable
capacitor or a parallel circuit including a variable capacitor;
and the second reactance circuit is a series circuit including
a variable capacitor or a parallel circuit including a variable
capacitor; and terminals of the variable capacitors of the first
and second reactance circuits, the terminals having the same
polarity, are connected to each other to define a node
between the first and second reactance circuits, and the
control voltage is applied to the node to control capacitances
of the variable capacitors.

5. The antenna according to claim 3, wherein the first
reactance circuit is a series circuit including a variable
capacitor or a parallel circuit including a variable capacitor;
the second reactance circuit is a series circuit including a
fixed capacitor or a parallel circuit including a fixed capaci-
tor; and the variable capacitor of the first reactance circuit is
connected to the second reactance circuit to define a node
between the first and second reactance circuits, and the
control voltage is applied to the node to control a capaci-
tance of the variable capacitor.

6. The antenna according to claim 1, wherein an inductor
is connected in parallel to the first reactance circuit and the
second reactance circuit across the first and second reactance
circuits.

7. The antenna according to claim 1, wherein the addi-
tional radiating electrode branches from the node via an
inductor arranged to control a resonant frequency.

8. The antenna according to claim 1, wherein one or more
additional radiating electrodes that are separate from the
additional radiating electrode are arranged to branch from
the node.
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9. The antenna according to claim 8, wherein each of the
one or more separate additional radiating electrodes
branches from the node via another reactance circuit having
the same configuration as the first reactance circuit, and
another control voltage for controlling a capacitance of a
variable capacitor of the another reactance circuit is applied
to the another reactance circuit.

10. The antenna according to claim 1, wherein an addi-
tional radiating electrode that is separate from the additional
radiating electrode is connected to a middle portion of the
radiating electrode.

11. The antenna according to claim 10, wherein the
separate additional radiating electrode is connected to the
radiating electrode via an inductor.

12. The antenna according to claim 1, wherein the first
antenna section has a shape of a loop in which the feeding
electrode and the open distal end of the radiating electrode
are opposed via a gap.

13. The antenna according to claim 1, wherein one or
more of the feeding electrode, the frequency-changing cir-
cuit, the radiating electrode, and the additional radiating
electrode are disposed on a dielectric base.

14. The antenna according to claim 1, wherein in one or
more of the radiating electrode of the first antenna section,
the additional radiating electrode of the second antenna
section, and the one or more separate additional radiating
electrodes, a middle portion or an open distal end of the
electrode is connected to a ground via an inductor or a
reactance circuit.

15. The antenna according to claim 14, wherein the
reactance circuit is a series resonance circuit or a parallel
resonance circuit, or a composite circuit including a series
resonance circuit and a parallel resonance circuit.

16. The antenna according to claim 14, wherein the
antenna is configured to allow reception of FM electromag-
netic waves, electromagnetic waves in the VHF band, and
electromagnetic waves in the UHF band.

17. A wireless communication device comprising the
antenna according to claim 1.
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ating electromagnetic waves; a ground connected to the
radiator; at least one switching element positioned at a
lengthwise region of the radiator, for shorting or opening the
region of the radiator; and a voltage controlling element
positioned at the radiator between the switching element and
the ground, for controlling the extent of a voltage potential
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ANTENNA CAPABLE OF MICRO-TUNING
AND MACRO TUNING FOR WIRELESS
TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Korean Patent
Application No. 10-2006-0062027, filed Jul. 3, 2006, in the
Korean Intellectual Property Office, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna capable of
micro tuning and macro tuning for a wireless terminal, and
more particularly, to an antenna capable of micro tuning and
macro tuning for a wireless terminal, which is capable of
control in a dual service band having a difference of a certain
or higher frequency, and which is capable of frequency
tuning between channels in each service band.

2. Description of the Related Art

As wireless communication has been developed, wireless
network can be accessed by wireless terminals, such as
personal computers, notebooks, mobile phones, PDA and so
on. The technology for supporting the wireless access to
network in real time in mobile working environment is
called wireless local-area network (WLAN).

According to the WLAN standards of IEEE 802.11, in
IEEE 802.11b, wireless signals are transmitted and received
through the 2.4 GHz frequency band which is the industrial,
scientific and medical (ISM) band, and in IEEE 802.11a,
wireless signals are transmitted and received through the 5
GHz frequency band which is the unlicensed national infor-
mation infrastructure (UNII) band.

In the 2.4 GHz, which is the frequency band for IEEE
802.11b, transmission at the bandwidth of 83.5 MHz, from
2.4 GHz to 2.4835 GHz, is permitted. In the 5 GHz, which
is the frequency band for IEEE 802.11a, transmission at the
bandwidth of a total of 300 MHz, from 5.15 GHz to 5.35
GHz and from 5.725 GHz to 5.825 GHz, is permitted.

The WLAN service has a different frequency band
according to the standards utilized. Consequently, the stan-
dards may change at any time or in different localities. In this
case, since an existing wireless terminal is manufactured so
as to process signals within the frequency band according to
one standard only, a user may need to purchase another
terminal for a new standard. To prevent such waste, a
wireless terminal which functions in different standards
needs to be developed.

In order to operate a wireless terminal in the frequency
bands of both standards, an antenna has to operate in both
frequency bands. For this purpose, a wireless terminal is
provided with an antenna operating in both frequency bands.
That is, an antenna having a very broad frequency band may
be installed to operate in the frequency band of 2.4 GHz to
5 GHz, or an antenna having a dual frequency band may be
installed to separately operate in the frequency band of 2.4
GHz and in the frequency band of 5 GHz.

However, when using the antenna operating in the very
broad frequency band of 2.4 GHz to 5 GHz, noise and
interference occur in a non-use band.

Due to the aforementioned problem, antenna developing
industries have developed an antenna separately operating in
each of the 2.4~2.5 GHz and 4.9~5.9 GHz frequencies.
However, this antenna has not yet been sufficiently small in
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size. When using the antenna separately operating in the
both frequency bands, tuning performance between channels
in each frequency band is not taken into consideration.

SUMMARY

Exemplary embodiments of the present invention over-
come the above disadvantages and other disadvantages not
described above. Also, the present invention is not required
to overcome the disadvantages described above, and an
exemplary embodiment of the present invention may not
overcome any of the problems described above.

The present invention provides an antenna capable of
micro-tuning and macro-tuning for a wireless terminal,
which is capable of control between the dual service band
having a difference of a certain or higher frequency and
which is capable of frequency tuning between channels in
each service band.

Also, the present invention provides an antenna capable
of micro-tuning and macro-tuning for a wireless terminal,
which is small in size.

According to an aspect of the present invention, there is
provided an antenna capable of micro-tuning and macro-
tuning for a wireless terminal, comprising: a radiator radi-
ating electromagnetic waves; a ground connected to the
radiator; at least one switching element positioned at a
lengthwise region of the radiator, for shorting or opening the
region of the radiator; and a voltage controlling element
positioned at the radiator between the switching element and
the ground, for controlling the extent of a voltage potential
across the radiator.

Preferably, the radiator may comprise a meander line part
being severally bent in zigzags.

Preferably, the switching element may be a PIN diode.

Preferably, the antenna may further comprise a switching
controller for applying a certain or higher voltage to the
switching element to be turned on.

Preferably, upon turning on the switching element, the
radiator may operate in a lower frequency band than upon
turning off the switching element, and upon turning off the
switching element, the radiator may operate in a higher
frequency band than upon turning on the switching element.

Preferably, a plurality of the switching elements may be
positioned, at a predetermined distance, along the direction
of the length of the radiator.

Preferably, the voltage-controlling element may be a
varactor diode.

The antenna may further comprise a reverse voltage
adjuster for supplying a reverse voltage to the voltage-
controlling element.

The operation frequency may be controlled within a
predetermined frequency bandwidth, according to the extent
of the reverse voltage applied to the voltage-controlling
element.

The operation frequency may increase within the prede-
termined frequency bandwidth as the extent of the reverse
voltage applied to the voltage controlling element increases.

According to the extent of the reverse voltage applied to
the voltage-controlling element, upon turning on the switch-
ing element, the operation frequency may be controlled
within a predetermined frequency bandwidth included in a
lower frequency band than upon turning off the switching
element, and upon turning off the switching element, the
operation frequency may be controlled within a predeter-
mined frequency bandwidth included in a higher frequency
band than upon turning on the switching element.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects of the present invention
will become more apparent by describing in detail exem-
plary embodiments thereof with reference to the attached
drawing figures, wherein;

FIG. 1 is a perspective view illustrating an antenna for a
wireless terminal, in accordance with an embodiment of the
present invention;

FIG. 2 is a front view illustrating the antenna of FIG. 1;

FIG. 3 is a bottom view illustrating the antenna of FIG. 1;

FIG. 4A is a graph illustrating a resonance point of an
antenna when a PIN diode is turned on;

FIG. 4B is a graph illustrating a resonance point of an
antenna when the PIN diode is turned off;

FIG. 5A is a graph illustrating a result of micro-tuning by
a varactor diode in the 2.4 GHz frequency band;

FIG. 5B is a graph illustrating a result of micro-tuning by
a varactor diode in the 5 GHz frequency band;

FIG. 6A is a circuit diagram illustrating a via hole and a
reverse voltage adjuster;

FIG. 6B is a graph illustrating isolation by a via hole and
a reverse voltage adjuster;

FIG. 7A is a view illustrating a radiation pattern of an
antenna when a PIN diode is turned on and a reverse voltage
of 2V is applied to a varactor diode; and

FIG. 7B is a view illustrating a radiation pattern of an
antenna when a PIN diode is turned on and a reverse voltage
of 3V is applied to a varactor diode.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawing figures.

FIG. 1 is a perspective view illustrating an antenna 1 for
a wireless terminal, in accordance with an embodiment of
the present invention; FIG. 2 is a front view illustrating the
antenna of FIG. 1; and FIG. 3 is a bottom view illustrating
the antenna of FIG. 1.

The antenna 1 for a wireless terminal comprises a radiator
10, a ground conductor 50, a PIN diode 20, a varactor diode
25, a switching controller 30, and a reverse voltage adjuster
3s5.

The ground conductor 50 is attached to or formed onto
one surface of a circuit board and is electrically connected
to the radiator 10. For this purpose, a protrusion 51 protrud-
ing from the ground 50 is formed at one side of the ground
50. The protrusion 51 is electrically connected to one side of
the radiator 10 through a via or contact hole.

The radiator 10 is attached to or formed onto the other
surface of the circuit board in a patch antenna type. The
radiator 10 includes a meander line part 15 being severally
bent lengthwise, and a feeding part 11 being formed in a
linear band shape. The length of the feeding part 11 is almost
same as that of the ground 50. The feeding part 11 is
positioned to correspond to the region where the ground 50
is formed.

The meander line part 15 is extended, at a predetermined
length, from an end of the feeding part 11 and is severally
bent in zigzags. An end region of the meander line part 15
towards the feeding part 11 is electrically connected to the
ground 50 through a via hole.

The size of the antenna 1 is significantly reduced com-
pared with the conventional antenna since the radiator 10 is
formed in the meander line. A conventional antenna has a
length from a several tens of millimeters to several hundreds
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of millimeters. However, the antenna 1 of the present
invention is formed to be 10.3x8 mm? in size. The manu-
facturing of antenna 1 is relatively simple since the radiator
10 is positioned on the circuit board as a patch type antenna.

The PIN diode 20 is positioned at one side region, along
the direction of the length of the meander line part 15. The
PIN diode 20 electrically shorts or opens the meander line
connected to both ends of the PIN diode 20.

Generally, when a certain prescribed or higher voltage is
applied, the PIN diode 20 is turned on. In accordance with
the embodiment of the present invention, when a voltage of
5V or higher is applied, an intrinsic series resistance is 1€,
and the PIN diode 20 is turned on. Accordingly, the meander
line connected by the PIN diode 20 shorts, resulting in the
length of the radiator 10 being the total length which is
derived by adding the length of the feeding part 11 to the
length of the meander line part 15. In the embodiment of the
present invention, the total length of the radiator 10 is 56.5
mm, and the antenna 1 has a resonance point in the fre-
quency band of 2.4 GHz, as illustrated in FIG. 4A. The
bandwidth of the antenna 1 in the frequency band of 2.4 GHz
is 150 MHz based on -10 dB. Since the bandwidth of 150
MHz is expanded, compared to the common bandwidth of
80 MHz, it may be understood that the performance of the
antenna 1 is improved.

When no voltage is applied to the PIN diode 20, the series
resistance is 10 kQ, and the PIN diode 20 is turned off.
Accordingly, the meander line connected by the PIN diode
20 opens, and the length of the radiator 10 is a value which
is derived by adding the length of the feeding part 11 to the
length of the portion of the meander line part 15 up to the
PIN diode 20. Then, the length of the radiator 10 is 14.65
mm, and the antenna 1 resonates at, or has the resonance
point of 5.3 GHz, as illustrated in FIG. 4B. In this case, the
bandwidth of the antenna 1 in the frequency band of 5.3 GHz
is 400 MHz based on -10 dB.

That is, when the PIN diode 20 is turned on and the length
of the radiator 10 is its full length, the antenna 1 has the
resonance point of 2.4 GHz. When the PIN diode 20 is
turned off and the length of the radiator 10 is shortened, the
antenna 1 has the resonance point of 5.3 GHz.

Accordingly, the antenna 1 is capable of selectively
changing frequency between the 2.4 GHz frequency band
for IEEE 802.11b and the 5.3 GHz frequency band for IEEE
802.11a by the PIN diode 20. That is, the antenna 1 is
capable of macro tuning. In the above-described embodi-
ment, the length of the radiator 10 is designed to form
appropriate operation frequency for the WLAN band. How-
ever, the operation frequency band may be changed by
changing the length of the radiator 10. Further, since the
voltage of 5V applied when the PIN diode 20 is turned on
is generally used for a wireless terminal, any additionally
voltage supply source is not required, thereby reducing costs
and simply constituting a circuit.

The varactor diode 25 is positioned at the meander line
part 15 between the feeding part 11 and the PIN diode 20.
According to the extent of a reverse voltage applied to the
varactor diode 25, the frequency of the antenna 1 changes
between channels within the service band. A reverse voltage
which continuously changes within the range of 0~3V is
applied to the varactor diode 25. Before a reverse voltage
bias is applied, a depletion region of the varactor diode 25
is smallest, so as to have highest capacitance. The antenna
1 has the resonance point in a channel with the lowest
frequency within the 2.4 GHz frequency band or the 5.3
GHz frequency band.
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When the reverse voltage is applied to the varactor diode
25, the depletion region increases and thus the capacitance
decreases. Then, the resonance point of the antenna 1 moves
to a channel with the highest frequency within the service
band. That is, as the reverse voltage increases, the varactor
diode 25 moves the resonance point of the antenna 1 to the
channel with the highest frequency. Thus, the antenna 1 is
capable of changing the channels within the service band by
controlling the reverse voltage applied to the varactor diode
25. That is, the antenna 1 is capable of micro-tuning.

FIG. 5A is a graph illustrating a result of micro-tuning by
the varactor diode 25 in the 2.4 GHz frequency band, and
FIG. 5B is a graph illustrating a result of micro-tuning by the
varactor diode 25 in the 5 GHz frequency band.

When the PIN diode 20 is turned on, the meander line
shorts, so that the resonance point is formed in the 2.4 GHz
frequency band. In such a state, the micro-tuning of the
resonance point is performed by controlling the reverse
voltage applied to the varactor diode 25. As illustrated in
FIG. 5A, when the reverse voltage of 2V is applied to the
varactor diode 25, the resonance point is formed at 2.4 GHz,
and when the reverse voltage of 3V is applied to the varactor
diode 25, the resonance point is formed at 2.48 GHz. S, at
2.4 GHz is -21 dB, and S,, at 2.48 GHz is -20 dB. A
resonance point between 2.4 GHz and 2.48 GHz may be
formed by applying the reverse voltage of 2V~3V to the
varactor diode 25.

As illustrated in FIG. 5B, when the reverse voltage of 2V
is applied to the varactor diode 25, the resonance point is
formed at 5.3 GHz, and when the reverse voltage of 3V is
applied to the varactor diode 25, the resonance point is
formed at 5.46 GHz. S;; at 5.3 GHz is =27 dB, and S, at
5.46 GHz is -26 dB. A resonance point between 5.3 GHz
and 5.46 GHz may be formed by applying the reverse
voltage of 2V~3V to the varactor diode 25.

The switching controller 30 and the reverse voltage
adjuster 35, which apply the reverse voltage to the PIN diode
20 and the varactor diode 25, are positioned on the surface
where the ground 50 is positioned. The switching controller
30 is connected to the PIN diode 20 through the via hole, and
the reverse voltage adjuster 35 is connected to the varactor
diode 25 through the via hole, as illustrated in FIG. 1.

The switching controller 35 applies a reverse voltage of
OV or 5V to the PIN diode 20 and is formed in a RLC
(resistive-inductive-capacitive) circuit. The reverse voltage
adjuster 35 continuously provides a reverse voltage of
between OV to 3V to the varactor diode 25 and is formed in
a RLC circuit, as illustrated in FIG. 6A.

As illustrated in FIG. 6A, the via hole connecting the
varactor diode 25 and the reverse voltage adjuster 35 is
indicated as an inductor, and the reverse voltage adjuster 35
includes a resistance, an inductor and a capacitor. The
voltage provided by the reverse voltage adjuster 35 should
not affect the resonance frequency of the antenna 1, i.e., 2.4
GHz and 5.5 GHz. For this purpose, resistance, inductance
and capacitance values are designed to be appropriated.
According to such design, as illustrated in FIG. 6B, the via
hole and the reverse voltage adjuster 35 form high isolation
at 2.4 GHz and 5.5 GHz and overall have S | being less than
-100 dB. Since the via hole and the reverse voltage adjuster
35 form the high isolation at 2.4 GHz and 5.5 GHz, these do
not affect the antenna 1.

The switching controller 30 is designed based on the same
principles for the reverse voltage adjuster 35, and thus it
does not affect the antenna 1.
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FIG. 7A illustrates a radiation pattern of the antenna 1
when the PIN diode 20 is turned on and the reverse voltage
of 2V is applied to the varactor diode 25.

When the PIN diode 20 is turned on and the reverse
voltage of 2V is applied to the varactor diode 25, the
resonance point is formed at 2.4 GHz. As illustrated in FIG.
7A, the radiation pattern of the antenna 1 has omni-direc-
tionality and a gain is indicated as -0.096 dB.

FIG. 7B illustrates a radiation pattern of the antenna 1
when the PIN diode 20 is turned on and the reverse voltage
of 3V is applied to the varactor diode 25.

When the PIN diode 20 is turned on and the reverse
voltage of 3V is applied to the varactor diode 25, the
resonance point is formed at 2.48 GHz. As illustrated in F1G.
7B, the radiation pattern of the antenna 1 has the omni-
directionality and a gain is indicated as -0.194 dB.

Accordingly, since the antenna 1 is omni-directional and
the gain is sufficiently excellent, it is usable as a wireless
antenna for the WLAN.

As described above, the antenna 1 performs the macro-
tuning between the service bands by the PIN diode 20 and
the micro-tuning to control the channel frequency within the
service band by the varactor diode 25. Accordingly, since it
is possible to manufacture an antenna for a wireless terminal
receiving signals in the two service bands, which correspond
to the two standards of IEEE 802.11, usability is improved
and manufacturing cost is reduced.

Furthermore, since the radiator 10 is formed in the form
of' a meander line, the size of the antenna 1 is significantly
reduced compared to that of a conventional antenna, and
since the radiator 10 is positioned on the circuit board, it
makes it easy to manufacture the antenna 1.

In the above-described embodiment, the antenna is
designed to operate in the dual frequency band by placing
only one PIN diode 20 on the radiator 10. However, when
plurality of the PIN diodes 20 are placed, an antenna may be
designed to operate in a plurality of frequency bands.

The results of simulation illustrated in FIGS. 4A, 4B, 5A
and 5B are obtained by designing the length of the radiator
10 and controlling the voltage applied to the varactor diode
25, to form appropriate operation frequency for any specific
service. Accordingly, the operation frequency band of the
antenna 1 may be variously realized by changing the length
of the radiator 10 and the voltage applied to the varactor
diode 25.

As described above, in accordance with the present inven-
tion, the antenna is capable of the macro-tuning between the
service bands and the micro-tuning for the channel control
within the service bands. Furthermore, the size of the
antenna is significantly reduced and the antenna is installed
on the circuit board in a patch type, thereby simplifying a
manufacturing process.

While the invention has been shown and described with
reference to certain exemplary embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims. For example, the use of the term ground
herein may refer to any reference potential and not neces-
sarily earth ground.

What is claimed is:

1. An antenna capable of micro-tuning and macro-tuning
for a wireless terminal, comprising:

a radiator radiating electromagnetic waves;

a ground conductor connected to the radiator;
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at least one switching element positioned at a lengthwise
region of the radiator, for shorting or opening the region
of the radiator; and

a voltage controlling element positioned at the radiator

between the switching element and the ground, for
controlling the extent of a voltage potential applied
across the radiator.

2. The antenna as claimed in claim 1, wherein the radiator
comprises a meander line part being severally bent in
7igzags.

3. The antenna as claimed in claim 1, wherein the switch-
ing element is a PIN diode.

4. The antenna as claimed in claim 1, further comprising:
a switching controller for applying a certain prescribed or
higher voltage to the switching element to be turned on.

5. The antenna as claimed in claim 1, wherein, upon
turning on the switching element, the radiator operates in a
lower frequency band than upon turning off the switching
element, and upon turning off the switching element, the
radiator operates in a higher frequency band than upon
turning on the switching element.

6. The antenna as claimed in claim 1, wherein a plurality
of the switching elements are positioned, at a predetermined
distance, along the direction of the length of the radiator.

7. The antenna as claimed in claim 1, wherein the voltage
controlling element is a varactor diode.

20
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8. The antenna as claimed in claim 1, further comprising:
a reverse voltage adjuster for supplying a reverse voltage to
the voltage controlling element.

9. The antenna as claimed in claim 1, wherein the opera-
tion frequency is controlled within a predetermined fre-
quency bandwidth, according to the extent of the reverse
voltage applied to the voltage controlling element.

10. The antenna as claimed in claim 1, wherein the
operation frequency increases within the predetermined fre-
quency bandwidth as the extent of the reverse voltage
applied to the voltage controlling element increases.

11. The antenna as claimed in claim 1, wherein, according
to the extent of the reverse voltage applied to the voltage
controlling element, upon turning on the switching element,
the operation frequency is controlled within a predetermined
frequency bandwidth included in a lower frequency band
than upon turning off the switching element, and upon
turning off the switching element, the operation frequency is
controlled within a predetermined frequency bandwidth
included in a higher frequency band upon than turning on the
switching element.
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1
ANTENNA FRAMEWORK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna framework,
and especially to an antenna framework allowing electronic
elements to be laid around an antenna.

2. Description of the Prior Art

For the purpose of making beautiful of mobile phones,
mobile phones with hidden antennas have become main
stream gradually, and planar antennas have been widely used
t00. In the mobile phone with a hidden antenna as shown in
FIG. 1, its antenna 92 is provided on the upper edge of a
circuit board 91, and a grounding surface 911 is provided on
the bottom end of the circuit board 91. The antenna 92 and
the grounding surface 911 must be provided therebetween
with an insulated completely clear area “S” to form an
electric field effect; the completely clear area “S” shall not
be laid therein with any other electronic element in order that
generating of impure signals is prevented. Generally, the
distanced “t” of the completely clear area “S” at least is 7
mm.

Such design of the conventional antenna framework
makes larger of the size of a mobile phone, this does not
meet the requirement for compactness on the mobile com-
munication device; and improvement is required.

SUMMARY OF THE INVENTION

The present invention provides a broadband antenna
framework used for receiving and emitting radio signals for
a mobile communication device (such as a mobile phone).
The mobile communication device is provided on an upper
edge of its circuit board (having a grounding surface) with
an antenna, and is provided between the antenna and the
circuit board with a meandering line; the meandering line is
provided thereon with components containing multilayer
ceramic capacitors (MLCC) or multilayer ceramic inductors
(MLCI); by using the capacitors or the inductors, the cou-
pling effect between the grounding surface and the antenna
can be insulated, so that there can be sufficient distance
between the grounding surface and the antenna to radiate
energy, the capacitors or the inductors do not result a direct
current open circuit, hence other electronic elements can be
laid around an antenna.

The main object of the broadband antenna framework
provided by the present invention is to give the probability
of antenna designing without reducing the area of antenna,
to make the antenna and the grounding surface need no very
large completely clear area. And thereby the distanced of the
completely clear area can be reduced from 7 mm to 2 mm.

The operated frequency of the broadband antenna frame-
work of the present invention can contain GSMS850,
AMP850, CDMAS800, GSM900, DCS and WCDMA.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents a conventional antenna framework;

FIG. 2 shows the appearance of a first embodiment of the
present invention;

FIG. 3 is a standing wave voltage ratio (VSWR) diagram
of the embodiment of FIG. 2;

FIG. 4 is a perspective view showing the appearance of a
second embodiment of the present invention;

FIG. 5 is a standing wave voltage ratio (VSWR) diagram
of the embodiment of FIG. 4.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 2 which shows a first embodiment of the
present invention, the broadband antenna framework is used
for receiving and emitting radio signals for a mobile com-
munication device (such as a mobile phone). The mobile
communication device is provided on an upper edge of its
circuit board 10 with an antenna 20, and the bottom of the
circuit board 10 is provided with a grounding surface 11. The
antenna 20 has a radiating metallic element 21 which has a
feed-in connecting pin 22 in connection with a coaxial cable
(not shown). In this embodiment, the antenna 20 is a planar
antenna having a length, a width and a height: 40 mm (L)x1
mm (W)x6 mm (H).

The present invention is provided between the antenna 20
and the grounding surface 11 of the circuit board 10 with a
meandering line 30; the meandering line 30 is provided
thereon with components containing multilayer ceramic
capacitors or multilayer ceramic inductors 31, 32.

By virtue that impedances of the multilayer ceramic
capacitors or multilayer ceramic inductors 31, 32 are
immense for alternate electric current, they can insulate the
alternate electric current of the grounding surface 11, by
using the capacitors or the inductors 31, 32, the coupling
effect between the grounding surface 11 and the antenna 20
can be insulated, so that there can be sufficient distance
between the grounding surface 11 and the antenna 20 to
radiate energy, the capacitors or the inductors 31, 32 do not
result a direct current open circuit, hence other electronic
elements can be laid around an antenna 20.

Moreover, the present invention has the object of getting

the probability of designing of the antenna 20 without
reducing the area of the grounding surface 11, to make the
antenna 20 and the grounding surface 11 need no very large
completely clear area “S”; so that the distanced of the
completely clear area “S” can be reduced from 7 mm to 2
mm.
FIG. 3 is a standing wave voltage ratio (VSWR) diagram
obtained by testing of the first embodiment of the present
invention; the followings are the 3D gains and efficiencies
obtained by testing:

GSMB850/
Pormance CDMAROO  GSM900 GSMI1800 GSM1900 WCDMA
3D gain -34 -3.1 -2.89 -4.1 -4.95
efficiency 45% 48.5% 52% 40% 32%

We can see from the above that, the results obtained by
testing on the broadband antenna framework of the present
invention show us quite good impedance broadband char-
acteristics and effects of radiation. Therefore, the broadband
antenna framework of the present invention and its operated
frequency can contain GSM850, AMP850, CDMASO00,
GSM900, DCS and WCDMA.

Referring to FIG. 4 which shows a second embodiment of
the present invention, it is different from the first embodi-
ment depicted in FIG. 2 in that: an antenna 40 of it is a
multilayer foldable antenna and includes a metallic element
41 and a feed-in pin 42, and has a length, a width and a
height: 22 mm (L)x8 mm (W)x5.3 mm (H).

FIG. 5 shows a standing wave voltage ratio (VSWR)
diagram of the second embodiment, and the followings are
the 3D gains and efficiencies obtained by testing:
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GSM850/
Pormance  CDMAS0O  GSM900 GSM1800 GSM1900 WCDMA
3D gain -4.2 -3.5 -3.0 -2.1 -3.0
efficiency 35% 45% 50% 60% 50%

We can see from the above that, the results obtained by
testing on the broadband antenna framework of the present
invention also show us quite good impedance broadband
characteristics and effects of radiation.

In conclusion, the present invention takes advantages of
the MLCC and MLCI elements on the meandering line to
reduce the completely clear area between the grounding
surface and the antenna; this allows electronic elements to
be laid around an antenna, and can reduce the size of a whole
mobile communication device.

Having thus described the technical process of my inven-
tion with high industrial value, what I claim as new and
desire to be secured by Letters Patent of the United States is:

1. A broadband antenna framework used for receiving and
emitting radio signals for a mobile communication device,
said framework comprises:

a circuit board provided in said mobile communication

device and having at least a grounding surface,

an antenna provided on an upper edge of said circuit board

and having a radiating metallic element;
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a meandering line provided between said antenna and said
grounding surface of said circuit board, said meander-
ing line is provided thereon with components contain-
ing multilayer ceramic capacitors or multilayer ceramic
inductors; by using said capacitors or said inductors, a
coupling effect between said grounding surface and
said antenna is insulated, so that there is sufficient
distance between said grounding surface and said
antenna to radiate energy, said capacitors or said induc-
tors do not result a direct current open circuit, hence
other electronic elements are allowed to be laid around
said antenna.

2. The broadband antenna framework as defined in claim
1, wherein said antenna is a planar antenna.

3. The broadband antenna framework as defined in claim
1, wherein said antenna is a multilayer foldable antenna.

4. The broadband antenna framework as defined in claim
1, wherein said distance between said grounding surface and
said antenna is about 3 mm.

5. The broadband antenna framework as defined in claim
1, wherein operated frequency of said broadband antenna
framework at least contains GSM850, AMP850, CDMASO00,
GSM900, DCS and WCDMA.
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WIDEBAND MONOPOLE ANTENNA

CLAIM OF PRIORITY

This application claims priority to an application entitled
“Wideband Monopole Antenna,” filed with the Korean Intel-
lectual Property Office on Feb. 17, 2005 and assigned Serial
No. 2005-13133, the contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wideband monopole
antenna, and more particularly to a wideband monopole
antenna having a feeder unit bent at a predetermined angle.

2. Description of the Related Art

Portable communication apparatuses, such as HHPs, CT-2
cellular phones, smart phones, digital phones, PCS phones,
PDAs, and laptop computers, are becoming smaller and
have multi-functionality. In addition to voice communica-
tion and radio listening capabilities, they are now equipped
to access the Internet and download MP3 music clips.
Various information and images in the form of digitalized
data can be also easily accessed using portable devices. Such
information is band-compressed using audio or video tech-
nology and can be easily and effectively transmitted via
digital radio communication or digital radio broadcasting.

Current technological trend demands a rapid increase in
new services which require a larger capacity and more
bandwidths. As a result, the cost associated with the provi-
sion of new base stations and repeaters to accommodate
modem devices is increasing. One way to accommodate the
new demand is to provide a wideband antenna satistying a
bandwidth of 0.7 GHz-2.5 GHz. A typical example of a
multiple wideband antenna is a UWB (ultra-wideband)
antenna.

In using multiple UWB antenna, the most critical issues
relate to improving the antenna efficiency and reducing an
electromagnetic absorption ratio. The UWB antennas usu-
ally use pulses having a width of 1 nsec or less to transmit
information, instead of RF carrier waves. Since a power
spectrum as low as baseband noise exists over a wide band
due to the property of the pulses, the UWB antennas can
perform transmission without any interference from other
radio communication systems currently being used. Further,
they have a wider bandwidth and a larger transmission speed
than the conventional antennas.

Moreover, the UWB antennas using very short pulses can
distinguish both signals even when there is a difference in
the path reaching between the direct and reflected waves. As
such, they are suitable for use in multiple paths and able to
obtain an accuracy in the unit of cm using the resolution of
short pulses. They have excellent obstacle penetration char-
acteristics due to wideband characteristics, thus can be easily
integrated as inground penetration radars and position track-
ing systems. However, the UWB antennas must be compact
and light to be mounted on the terminals, while meeting the
performances required as expected in the UWB systems.

FIGS. 1 and 2 show a conventional monopole antenna. As
shown, a monopole antenna 3 is provided with a Y-type
feeder line 4 on the rear surface of a substrate 1, which is
provided with a ground surface 2, and electrically connected
to a connection unit 3a of the antenna. The substrate 1 has
an antenna connector 5 connected to the Y-type feeder line
4.
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When the monopole antenna has a Y-type feeder line on
the rear surface of the substrate, however, the substrate 1 and
the radiator must be enlarged to accommodate the size of the
feeder line, thus increasing the overall size of the antenna.

In addition, the Y-type feeder line is typically made of a
flexible wire and has no support force. When the contour of
the antenna vibrates severely due to an external impact (e.g.,
wind or shock), the contact portion of the feeder line vibrates
together. As a result, the radiation characteristics and match-
ing band of the antenna can be easily varied and the function
of the antenna may deteriorate. However, if the feeder
portion is shortened to reduce the size of the antenna, the
bandwidth decreases.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the prior art and
provides additional advantages, by providing a wideband
monopole antenna having a feeder unit bent at a predeter-
mined angle to be connected to the antenna.

One aspect of the present invention is to provide a
wideband monopole antenna having a feeder portion that is
shorter than conventional antennas.

Another aspect of the present invention is to provide a
wideband monopole antenna having a feeder unit made of a
metallic material in order to improve the support force of the
antenna and to prevent the antenna from vibrating.

In one embodiment, there is provided a wideband mono-
pole antenna assembly including a substrate having an
antenna connector, a wideband monopole antenna disposed
on the substrate, and a feeder unit positioned on the rear
surface of the substrate to support the antenna with a part
thereof bent at a predetermined angle.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present inven-
tion will be more apparent from the following detailed
description taken in conjunction with the accompanying
drawings, in which:

FIG. 1 shows a conventional monopole antenna;

FIG. 2 shows a bottom view of a Y-type feeder line of the
conventional monopole antenna;

FIG. 3 is a perspective view showing the construction of
a wideband monopole antenna according to an embodiment
of the present invention;

FIG. 4 is a perspective view showing a wideband mono-
pole antenna, in a coupled state, according to an embodi-
ment of the present invention;

FIG. 5 is a front view showing the construction of a
wideband monopole antenna according to an embodiment of
the present invention;

FIG. 6 is a front view magnifying part A of FIG. 5;

FIG. 7 illustrates a feeder unit of a wideband monopole
antenna according to an embodiment of the present inven-
tion;

FIG. 8 shows the reflection coefficient characteristics of a
wideband monopole antenna according to an embodiment of
the present invention;

FIG. 9 shows a radiation pattern of an E-field at 0.8 GHz
of a wideband monopole antenna according to an embodi-
ment of the present invention;

FIG. 10 shows a radiation pattern of an H-field at 0.8 GHz
of a wideband monopole antenna according to an embodi-
ment of the present invention;
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FIG. 11 shows a radiation pattern of an E-field at 1.6 GHz
of a wideband monopole antenna according to an embodi-
ment of the present invention;

FIG. 12 shows a radiation pattern of an H-field at 1.6 GHz
of a wideband monopole antenna according to an embodi-
ment of the present invention;

FIG. 13 shows a radiation pattern of an E-field at 2.4 GHz
of a wideband monopole antenna according to an embodi-
ment of the present invention; and

FIG. 14 shows a radiation pattern of an H-field at 2.4 GHz
of a wideband monopole antenna according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION

Hereinafter, an embodiment of the present invention will
be described with reference to the accompanying drawings.
For the purposes of clarity and simplicity, a detailed descrip-
tion of known functions and configurations incorporated
herein is omitted to avoid making the subject matter of the
present invention unclear.

Referring to FIGS. 3 and 4, a wideband monopole antenna
10 having a rectangular shape is disposed on a substrate 1
having a ground surface 2. The top of the antenna 10 is
enclosed by a dielectric body 30, and the antenna 10 has a
dielectric constant of at least 1. A feeder unit 20 is positioned
at a rear surface of the substrate 1 to support the antenna 10
with a part thereof bent at a predetermined angle and is
electrically coupled to the antenna 10. The feeder unit 20 is
made of a metallic material.

Referring to FIGS. 5, 6, and 7, the feeder unit 20 is
electrically coupled to the antenna 10 and includes first and
second connection support pieces 21 and 22. The first
connection support piece 21 is coupled to an antenna con-
nector 5 provided on the substrate 1, and the second con-
nection support piece 22 is coupled to a connection unit 10a
of the antenna 10. At least one second connection support
piece 22 is bent at 90° from the body of the feeder unit 20.
The feeder unit 20 maintains a constant resonance height H
of the antenna 10. The resonance height H is 1.6 mm.

Now, the teachings of a wideband monopole antenna
according to an embodiment of the present invention, con-
figured as above, will now be described in more detail with
reference to FIGS. 3 to 14.

As shown in FIG. 3, a feeder unit 20 is positioned at a rear
surface of a substrate 1, and a monopole antenna 10 is
disposed on top of the substrate 1. Further, a dielectric body
30 is positioned behind the monopole antenna 10. As shown
in FIG. 4, the dielectric body encloses the monopole antenna
10. To achieve this, the dielectric body 30 and the antenna
10 are rotated toward the antenna connector 5 and coupled
to the ground surface of the substrate 1.

As shown in FIGS. 3 and 7, the feeder unit 20 has a first
connection support piece 21 formed at one end thereof to be
coupled to an antenna connector 5, which is provided on the
substrate 1. The feeder unit 20 has at least one second
connection support piece 22 formed at the other end thereof
to be electrically coupled to a connection unit 10a of the
antenna 10.

As the antenna’s height affects the frequency, the length
L of a radiation device of the antenna 10 determines the
lowest and highest frequency of the bandwidth. For
example, if the height of the antenna is short, the lower
frequency of a bandwidth is obtained than if the height of the
antenna is long. Here, the lowest frequency is between 800
MHz~2.4 GHz, and the highest frequency is at least 2.4
GHz. Thus, the total height of the antenna 10 according to
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the present invention is slightly shorter than a quarter of the
wavelength of the lowest frequency.

The feeder unit 20 is positioned below the ground surface
2 of the substrate 1. The distance between the ground surface
2 and the feeder unit 20 is referred to as a resonance height
H, which serves to provide a radiation structure with a
purely vertical current, while avoiding a horizontal current
that distorts the impedance bandwidth and the radiation
characteristics of the antenna 10.

As shown in FIG. 5, the antenna 10 has three resonance
points by means of the first and second connection support
pieces 21 and 22, which are very sensitive to the resonance
height H of the antenna 10. In addition, unlike the length L.
or width W of the antenna 10, these three resonance points
affect the lowest and highest frequencies of the bandwidth.

Referring to FIG. 8, although the lowest frequency at the
impedance bandwidth decreases according to the resonance
height H, the highest frequency also decreases. This doesn’t
have an affect of improving the bandwidth. Here, the reso-
nance of antenna is performed when the height of the
antenna is an integer multiple of a quarter of the wavelength.
Hence, the lowest frequency among frequencies is a reso-
nant frequency. In FIG. 8, the lowest frequencies are 0.8
MHz, 1.6 GHz, and 2.4 GHz. The lowest frequency in an
impedance bandwidth is decreased according to the reso-
nance height H, and the highest frequency is also decreased
at the same time.

The wideband monopole antenna according to the present
invention will now be described with regard to radiation
patterns at 800 MHz, 1.6 GHz, and 2.4 GHz.

Referring to FIGS. 9 and 10, in a radiation pattern of an
E-field (electric field) at 800 MHz of the monopole antenna
10, the ground surface 2 appears smaller. The radiation
pattern is formed around the central ground surface 2 of the
antenna, thus the radiation pattern is formed relatively lager
than the ground surface 2 so that the ground surface 2
appears smaller than the radiation pattern. This means that
radiation is good even behind the ground surface 2. The
H-field (magnetic field) establishes all-directional radiation
characteristics around the monopole.

Note that in FIGS. 9-14, E-co indicates a deviation of the
radiation pattern in the E-field, E-Cross indicates a cross-
deviation of the radiation pattern in the E-field.

Referring to FIGS. 11 and 12, in a radiation pattern at 1.6
GHz of the monopole antenna 10, the electrical magnitude
in relation to the ground surface 2 increases as the frequency
rises. This means that the radiation pattern tends to gradually
concentrate on the upper portion of the ground surface 2, and
null (0) point occurs at phi=90°. The E-field pattern is deeper
than at 800 MHz. Comparing the radiation pattern of the
E-field in FIG. 9 with the radiation pattern of the E-field in
FIG. 11, the radiation pattern is deeply hollowed at 90
degrees and 270 degrees. That is, “deeper” is obtained from
a result of a comparison between the depth of the radiation
pattern of FIG. 9 and the depth of the radiation pattern of
FIG. 11 at 90 degrees and 270 degrees.

Referring to FIGS. 13 and 14, in a radiation pattern at 2.4
GHz of the monopole antenna 10, the electrical length of the
width W of the antenna 10 appears larger than the wave-
length of 2.4 GHz. That is, the radiation pattern at 2.4 GHz
is deeply hollowed at 90 degree so that electrical length of
the ground surface and the width W of the antenna 10 appear
relatively larger than the wavelength of 2.4 GHz. The E-field
pattern has characteristics of being radiated to the upper
portion of the ground surface 2. In the H-field pattern, null
(0) points occur at both ends of the width W of the radiation
device.
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As is apparent from the foregoing, the planar monopole
antenna 10 having a feeder unit 20 with at least one vertical
connection support piece 21 and 22 has an impedance
bandwidth of 0.8-2.5 GHz, which covers cellular, PCS, and
radio LAN (802.11b/g) bandwidths. Although the planar
monopole antenna 10 having a rectangular shape has a
smaller impedance bandwidth than a circular monopole
antenna 10, it has less distortion of radiation patterns within
the bandwidth. The T-shaped feeder unit 20 has a very small
reactance component throughout a very large impedance
bandwidth, so that the structure of T-shaped feeder unit 20
is easy to perform an impedance matching. Here, the reac-
tance means a resistance component which prevents the flow
of a current, and the impedance means a value of compo-
sition of the resistance and the reactance. i.e., the impedance
represents a value of preventing a flow of the current. If the
impedance value of the T-shaped feeder unit 20 is set at 50
2, an impedance of the antenna should be controlled to be
close to 50 Q. This control is known as an impedance
matching. Here, 50 Q2 is randomly designated, and it can be
designated as over or below 50 €. In addition, the radiation
loss occurring when positioned below the ground surface 2
can be avoided. The feeder unit 20 is not provided to be
lapped over the ground surface 2, which is provided on a
substrate 1. The ground surface 2 is provided to a front of the
substrate 1, and the feeder unit 20 is provided to a back of
the substrate 1 to thereby prevent a collision of the ground
surface 2 and the feeder unit 20. Therefore, a constant
radiation pattern required in the antenna can be maintained.

The inventive monopole antenna has a feeder unit bent at
a predetermined angle to be electrically connected to the
antenna, so that the feeder portion is shorter than conven-
tional antennas to achieve a smaller configuration. The
feeder unit may be made of a metallic material to improve
the support force for the antenna.

While the invention has been shown and described with
reference to certain preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims.

What is claimed is:

1. A wideband monopole antenna assembly, comprising:

a substrate having an antenna connector;

a wideband monopole antenna disposed on the substrate;

and

a feeder unit having a main body and at least one end

disposed on a bottom surface of the substrate and
electrically coupled to the antenna, wherein the feeder
unit includes at least a first and second connection feed
elements bent at a predetermined angle and substan-
tially parallel to each order.

2. The wideband monopole antenna assembly as claimed
in claim 1, wherein the feeder unit has a fork-shaped
configuration.

3. The wideband monopole antenna assembly as claimed
in claim 1, wherein the feeder unit is made of a metallic
material.
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4. The wideband monopole antenna assembly as claimed
in claim 1, wherein the main body of the feeder unit is
coupled to the antenna connector.

5. The wideband monopole antenna assembly as claimed
in claim 1, wherein one end of said second feed element is
electrically coupled to the antenna.

6. The wideband monopole antenna assembly as claimed
in claim 1, wherein the predetermined angle between said
first and second feed elements is 90°.

7. The wideband monopole antenna assembly as claimed
in claim 1, wherein the feeder unit is configured to maintain
a constant resonance height of the substrate and the antenna.

8. The wideband monopole antenna assembly as claimed
in claim 7, wherein the resonance height is 1.6 mm.

9. The wideband monopole antenna assembly as claimed
in claim 1, wherein a dielectric body is positioned on top of
the substrate for enclosing the antenna.

10. The wideband monopole antenna assembly as claimed
in claim 9, wherein the dielectric body has a dielectric
constant of at least 1.

11. A wideband monopole antenna assembly, comprising:

a substrate;

a wideband monopole antenna; and

a feeder unit having a main body and at least one end

disposed on a bottom surface of the substrate and
coupled to the antenna while maintaining a constant
height between the substrate and the antenna, wherein
the feeder unit includes at least a first and a second
connection feed elements bent at a predetermined angle
and substantially parallel to each order.

12. The wideband monopole antenna assembly as claimed
in claim 11, wherein the feeder unit is made of a metallic
material.

13. The wideband monopole antenna assembly as claimed
in claim 11, wherein the main body of the feeder unit is
coupled to the antenna connector.

14. The wideband monopole antenna assembly as claimed
in claim 11, wherein one end of said second feed element is
electrically coupled to the antenna.

15. The wideband monopole antenna assembly as claimed
in claim 11, wherein the predetermined angle between said
first and second feed elements is 90°.

16. The wideband monopole antenna assembly as claimed
in claim 11, wherein the feeder unit is configured to maintain
a constant resonance height of the substrate and the antenna.

17. The wideband monopole antenna assembly as claimed
in claim 16, wherein the resonance height is 1.6 mm.

18. The wideband monopole antenna assembly as claimed
in claim 11, wherein a dielectric body is positioned on top
of the substrate for enclosing the antenna.

19. The wideband monopole antenna assembly as claimed

in claim 18, wherein the dielectric body has dielectric
constant of at least 1.
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MEANDERED SLIT ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna having a
predetermined meandered slot on a ground plane of an RF
module, and more particularly, to a meandered slit antenna
that does not require an extra antenna attachment process
when manufacturing a module such as an RF remote control.

2. Description of the Related Art

With the rapid development of the information commu-
nication technology, a wireless communication system has
been changed from a system for just transmitting voice data
into a system for transmitting various kinds of wideband
data such as multimedia data. Furthermore, as the mobility
of wireless communication is more emphasized, a wireless
communication terminal used in the wireless communica-
tion system gradually is getting smaller and lighter.

Additionally, the attention for radio frequency identifica-
tion (RFID) that plays an important role in ubiquitous
technology has been increased. The RFID is a technology
with a semiconductor microchip to process data and is a
non-contact recognition system to wirelessly transmit and
process information on objects and surroundings by attach-
ing each microchip to various kinds of products. The RFID
system that appeared at the 1980’s is also known as dedi-
cated short range communication (DSRC) or a radio fre-
quency identification system. The RFID includes a scanner,
a frequency, and a tag. The RFID system is characteristic of
a wireless connection between the scanner and the tag. Also,
the RFID can edit and add data to the tag, read a plurality of
tags simultaneously, and have a high read rate under the poor
condition such as coldness and warmth, humidity, dust, or
heat.

Moreover, an antenna produces a radio signal when
transmitting an electric signal generated in an electronic
circuit into space, or converts a radio signal received from
air into an electric signal at an electronic circuit. The former
is called a sending antenna and the latter is called a receiving
antenna. In a common communication system, the sending
antenna plays the receiving antenna at the same time.

Additionally, when an antenna is used for transmission
(radiation), various characteristics such as directionality and
an operating frequency appear just like when used for
reception. Therefore, the receiving antenna, assuming as a
sending antenna for convenience of explanation, is used for
explaining an operating principle of the antenna.

A dielectric substrate has a predetermined dielectric con-
stant and thickness in a conventional slot antenna used in the
RF remote control or the RFID tag. A slot is formed on one
side of the dielectric substrate and has an half length of a
center frequency wavelength A for radiation of an electro-
magnetic field. A microstrip feed line is formed on other side
of the dielectric substrate and supplies an electromagnetic
energy to the slot.

On the other hand, a conductor line on a printed circuit
board (PCB) is used as an antenna in a conventional antenna.
However, a meandered antenna uses a conductor line on the
PCB as an antenna when a frequency is relatively low.
Consequently, it becomes very difficult to embody an
antenna with an increase of a capacitive loading effect.

Also, when a conductor is disposed at an upper portion
and/or a lower portion of a conventional antenna, there is a
problem in that an amount of radiation of an electromagnetic
wave decreases because a current canceling effect is influ-
enced by an image current. Specifically, a current is can-
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celled out by an influence of an image current when the
antenna is placed around a conductor such as a multi-layer
substrate, a steel product, and a container. Additionally, the
antenna uses an induced electric current on a conventional
conductive surface, and the image current is caused by the
conductive surface around an antenna or a ground plane.
Consequently, there is a problem in that an amount of
radiation or a frequency varies extremely.

Furthermore, a conventional antenna has a main lobe in a
direction perpendicular to a ground plane of the antenna
when a remote controller requires a large amount of radia-
tion in a specific direction. Consequently, it is very difficult
to radiate in a parallel direction as required.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a mean-
dered slit antenna that substantially obviates one or more
problems due to limitations and disadvantages of the related
art.

An object of the present invention is to provide an a
meandered slit antenna that has an inductive loading effect
by forming a predetermined meandered slot on a contact
surface of an RF module in a ground plane of a PCB.

Another object of the present invention is to provide a
meandered slit antenna that can radiate an appropriate
amount of radiation when the antenna is placed around a
conductor such as a steel product and a container.

A further another object of the present invention is to
provide a useful meandered slit antenna that can radiate an
electric wave in a direction parallel to an antenna by a
meandered slot or a plurality of slits when a radiation of an
electric wave is needed in a direction parallel to an antenna
like a remote control.

A still further another object of the present invention is to
provide a meandered slit antenna that is easy to secure space
for forming a necessary circuit for an RF module on the top
of'a PCB, can be used as an antenna for an RFID tag because
of an integration of a PCB, and can also be used as antenna
for an RFID tag attached to a conductor such as a steel
product and a container.

An even further another object of the present invention is
to provide a meandered slit antenna that can be used in
various frequency bands by appropriately adjusting a length
and a distance of a slot disposed on the bottom of a PCB.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims herecof as well as the
appended drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, there is provided a meandered
slit antenna including: a printed circuit board (PCB); an RF
module mounted on the printed circuit board to generate a
predetermined electric signal; a microstrip feed line con-
nected with the RF module to transmit the predetermined
electric signal; and a slot part for radiating an electromag-
netic wave induced by the electric signal that is transmitted
through the microstrip feed line, the slot part being formed
in a meandered shape.

The present invention has an advantage in miniaturizing
an antenna that is operable in a low frequency by a prede-
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termined meandered slot formed on a contact surface of the
RF module in the ground plane of the PCB.

Also, a current is not cancelled out and preferably
increases by an image current formed by a conductive
surface or a contact surface because a magnetic current
formed by the electric field induced to the slit or slot is used.
In addition, a deviation of a resonant frequency can be
occurred but an amount of radiation of an electric wave is
not reduced.

Additionally, a main lobe is formed in a direction parallel
to a meandered slit antenna when a radiation of an electric
wave is required in a direction parallel to an antenna like a
remote controller.

Moreover, radiation characteristic of the meandered slit
antenna according to the present invention differs from an
existing antenna that mainly radiates an electric wave in a
direction perpendicular to the antenna. It is appropriate to be
used in a small-sized RF system where it is very hard to
secure enough space for mounting an antenna.

Additionally, an additional PCB for an antenna becomes
unnecessary by forming an antenna on a contact surface of
the PCB. The RF module or the antenna for the RFID tag can
be used in a small-sized RF system by the integration of the
PCB because space for forming a necessary circuit for the
RF module is easily secured on the top of the PCB.

Moreover, an actual manufacturing time, a number of
processes and a defective proportion reduce in mass pro-
duction because it is unnecessary to separate a manufactur-
ing process or an assembling process of an RF circuit
component and an antenna in the RF system.

Additionally, performance deviation due to a form change
or a manufacturing tolerance of the antenna can be reduced
because the meandered slit antenna of the present invention
is formed with a predetermined pattern on the contact
surface of the RF module.

Moreover, the meandered slit antenna of the present
invention can also be operable in various frequency bands as
well as the above-described frequency by adjusting length,
width and gap of slot the part that is designed according to
the size of the PCB determined by the space allocated to the
antenna or RF module in the RF system.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 11is a top view of a PCB according to an embodiment
of the present invention;

FIG. 2 is a bottom view of a PCB according to an
embodiment of the present invention;

FIG. 3 is a detailed view of a slot part according to an
embodiment of the present invention;

FIG. 4 is a view with measurements used in a simulation
of'an antenna according to a first embodiment of the present
invention;

FIG. 5 is a view illustrating a radiation pattern, seen from
the top of an antenna according to the first embodiment of
the present invention;

20

25

30

35

40

45

50

55

60

65

4

FIG. 6 is a view illustrating a radiation pattern, seen from
the side of an antenna according to the first embodiment of
the present invention;

FIG. 7 is a graph illustrating a result through a computer
simulation about a characteristic of a return loss measured in
an input terminal of a microstrip feed line of an antenna
according to the first embodiment of the present invention;

FIG. 8 is a graph illustrating a measured return loss when
an antenna is mounted on an RF remote control according to
an embodiment of the present invention;

FIG. 9 is a view of antennas with a stacked structure
according to a second embodiment of the present invention;

FIG. 10 is an exploded perspective view of the antennas
shown in FIG. 9;

FIG. 11 is a top view illustrating a radiation pattern when
antennas are stacked according to the second embodiment of
the present invention;

FIG. 12 is the side view illustrating a radiation pattern
when antennas are stacked according to the second embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

FIG. 1is atop view of a PCB according to an embodiment
of the present invention.

Referring to FIG. 1, the top of a meandered slit antenna
100 includes a part mounting section 110 having a prede-
termined RF circuit, a microstrip feed line 120 for being
induced by an electric signal of the part mounting section
110, and a conductive substrate for being seated with the part
mounting section 110 and the microstrip feed line 120.

Specifically, the microstrip feed line 120 supplies an
electric signal to a radiating element. The radiating element
is a structure designed to radiate an electric waves from an
antenna into space. Moreover, it is possible to supply an
electric signal to the radiating element through a directly
conductive connection or a non-contact capacitive coupling.
Typically, the microstrip feed line 120 uses a microstrip line.
However, a coaxial line, a coplanar wave guide (CPW), and
a slot line also can be used.

The microstrip feed line 120 is short or open in a proper
place to maximize the strength of an electric field induced in
a slot.

More specifically, the microstrip feed line 120 crossing
over a slot maximizes the amplitude of a current at the
intersection with the slot by shorting or opening an end part.

Additionally, the part mounting section 110 includes a
device for converting a predetermined signal into a specific
RF channel frequency and outputting the frequency to
deliver the predetermined electric signal to the microstrip
feed line 120.

An operating principle of the meandered slit antenna will
be described below in more detail.

The part mounting section 110 supplies an electric signal
to the microstrip feed line 120 so that a predetermined signal
can be transmitted through a predetermined frequency band.
The microstrip feed line 120 allows an induced electric
signal to maximize the strength of an electric field induced
in a slot. An electromagnetic wave is radiated by an electric
field induced in the slot.
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Accordingly, a magnetic current is formed by an electric
field induced in a slit or a slot of a ground plane of a PCB.
A current is not cancelled out and increases by an image
current formed by a conductive plane or a ground plane
when the magnetic current is used.

FIG. 2 is a bottom view of a PCB according to an
embodiment of the present invention.

Referring to FIG. 2, the bottom of a meandered slit
antenna 100 includes a ground part 130 being a thin and flat
plate of a conductor, and a slot part 140 being meandered
with a predetermined width and length at the ground part
130.

Specifically, the ground part 130 is a thin and flat plate of
a conductor, and is a component to embody various forms of
antenna.

The slot part 140 is a structure designed to radiate a radio
wave into space and radiates an electromagnetic wave by an
electric field induced by the microstrip feed line 120. More-
over, an operating frequency of an antenna is adjusted on a
center frequency by adjusting a length and width of the slot
part 140.

More specifically, the slot part 140 is provided with a thin
and long opening form and an electromagnetic wave is
radiated by an electric field (equivalent magnetic current)
induced in the slot part 140. A meandered slit antenna with
the slot part 140 is relatively easy to embody an antenna in
a low frequency with an inductive loading effect, being
different from a conventional meandered patch antenna.

Additionally, the slot part 140 can be provided with a
single elongated slot having a meandered form or a plurality
of slits connecting each slit with a meandered form. In the
same manner, a plurality of slits includes main slits 145 in
a horizontal direction and a sub slit 150 connecting the end
of the main slits in a vertical direction.

An energy loss of an electromagnetic field is minimized
by cancellation of an electric field factor in a slot or a slit
antenna with a meander structure because the distance
between the main slits in a horizontal direction is very
shorter than a wavelength.

Moreover, the main slits as not an array antenna but an
overlapping antenna can obtain an additional effect increas-
ing an antenna gain because the distance between the main
slits is extremely short. However, it is preferably assuming
that the slot part 140 includes a single slot being meandered
several times when described in more detail about the
present invention.

An operating principle of a meandered slit antenna will be
described in the following according to the present inven-
tion.

An electric signal generated from the part mounting
section 110 is transmitted to the microstrip feed line 120.
The microstrip feed line 120 delivers the electric signal to a
slot part 140 installed at the bottom of the meandered slit
antenna 100.

An electromagnetic wave is radiated from the slot part
140 when an equivalent magnetic current is proximately
coupled by a predetermined distance between the main slits,
and amplified and induced. That is, when a magnetic current
is proximately coupled and induced in a vertical direction of
the main slit, a main lobe is formed in a predetermined
direction like an RF remote control.

Additionally, the slot part 140 for radiating an electro-
magnetic wave is installed at the bottom of a PCB. Conse-
quently, it is not necessary to have an additional process for
mounting an antenna when manufacturing an RF module.
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Since an additional process is not required, the present
invention is easy for integration and can be used as an
antenna for an RFID tag

FIG. 3 is a detailed view of a slot part according to an
embodiment of the present invention.

Referring to FIG. 3, a slot part 140 being installed at the
bottom of a meandered slit antenna of the present invention
has single slot with a plurality of a meandered form. The slot
part 140 is formed from one edge of the bottom in the
meandered slit antenna 100 to the other edge. Both ends of
the slot part are open.

Specifically, the slot part 140 is formed by trenching with
a predetermined width and length, in a portion of a ground
part formed at the bottom of the meandered slit antenna 100.
Both ends of the slot part 140 are provided open to the
ground part 130.

An electromagnetic wave is radiated effectively by an
electric field induced by the slot part 140 because both ends
of the slot part 140 are formed open.

FIG. 4 is a drawing with measurements used in a simu-
lation of an antenna according to a first embodiment of the
present invention.

Referring to FIG. 4, a width A of a PCB is 38 mm, a height
B is 35 mm, a height C of the microstrip feed line overlap-
ping with the slot part 140 is 19 mm, and a width D is 3 mm.

A distance E from the left of the PCB to the microstrip
feed line is 31 mm.

Additionally, a width “a” of the slot part 140 is less than
1 mm and a space “b” between main slits is 0.6 mm.

FIG. 5 is a drawing illustrating a radiation pattern, seen
from the top of an antenna according to the first embodiment
of the present invention.

FIG. 6 is a drawing illustrating a radiation pattern, seen
from the side of an antenna according to the first embodi-
ment of the present invention.

FIG. 7 is a graph illustrating a result through a computer
simulation about a characteristic of a return loss measured in
an input terminal of a microstrip feed line of an antenna
according to the first embodiment of the present invention.

Moreover, FIG. 8 is a graph illustrating a measured return
loss when an antenna is mounted on an RF remote control
according to an embodiment of the present invention.

In the simulation, considering a frequency deviation, a
process is carried out and progresses to form a resonance in
a frequency slightly out of range of a frequency to use after
actual module is mounted.

Referring to FIGS. 5 to 8, a size of a main lobe is 14.3 dBi
at 230-MHz frequency and in a radiation pattern of an
antenna according to an embodiment of the present inven-
tion. A direction of a main lobe is 90 degrees seen from the
side of the meandered slit antenna 100.

Specifically, a radiation pattern of a meandered slit
antenna 100 according to an embodiment of the present
invention forms a main lobe in the side direction of a PCB.
A form of this radiation pattern is reciprocal to a form of the
radiation pattern in an antenna using an electric current
induced to a conductive surface.

Additionally, when taking into consideration of a return
loss characteristic, a return loss is 7.3 dB with respect to 225
MHz of a resonant frequency in an input terminal of a
microstrip feed line 120 in a meandered slit antenna accord-
ing to a first embodiment of the present invention.

A return loss is =33.6 dB at 418 MHz of frequency in use
after a meandered slit antenna of the present invention is
mounted on an RF remote control to use as shown in FIG.
8.
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FIG. 9 is a view when antennas are stacked according to
a second embodiment of the present invention.

FIG. 10 is an exploded perspective view when antennas
are stacked according to the second embodiment of the
present invention.

Referring to FIG. 9 and 10, a meandered slit antenna 100
of the preset invention has slot parts stacked perpendicularly
each other.

Specifically, a polarized wave characteristic of an elec-
tromagnetic wave radiated by the slot part 140 can be set
differently by stacking the antenna 100 to make the slot part
140 crossover each other perpendicularly.

More specifically, the antenna is stacked to make a
direction of a main slit in the bottom of the antenna
perpendicular or parallel to a main slit in the top of the
antenna.

Accordingly, an electric signal induced by the microstrip
feed line 120 has each different direction of an induced
electric filed by a slot part 140 formed perpendicular or
parallel. Consequently a polarized wave characteristic of an
electromagnetic wave becomes different.

Additionally, an operating frequency of a radiated elec-
tromagnetic wave can be altered or a band width of an
operating frequency can be varied by differently setting a
length or a width of the top and bottom slot parts 140

Moreover, an operating frequency of an electromagnetic
wave radiated by the slot parts 140 is identical. The slot part
radiates an electromagnetic wave with a polarized wave
characteristic. And a receiving part receives separately an
electromagnetic wave according to the characteristic.

FIG. 11 is the top view illustrating a radiation pattern
when antennas are stacked according to the second embodi-
ment of the present invention.

FIG. 12 is the side view illustrating a radiation pattern
when antennas are stacked according to the second embodi-
ment of the present invention.

Referring to FIG. 11 and 12, a size of main lobe is 16.6
dBi and a radiation pattern is similar to an antenna with
single layer. A direction of a main lobe is 255 degrees seen
from the top in the radiation pattern when the antenna 100
is stacked. A direction of a main lobe is 90 degrees seen from
the side when the antenna 100 is stacked

Additionally, the side of an antenna or a PCB forms a
main lobe similar to an antenna according to a first embodi-
ment of the present invention.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A meandered slit antenna comprising:

a printed circuit board having a top and a bottom;

an RF module mounted on the printed circuit board to

generate a predetermined electric signal;

a microstrip feed line connected with the RF module to

transmit the predetermined electric signal; and

a multiple slot part on said bottom and connected and

mounted to a ground plane of the printed circuit board
for radiating an electromagnetic wave induced by the
electric signal that is transmitted through the microstrip
feed line, the multiple slot part having main slits and
sub slits, the main slit being continuously connected
with the sub slit alternatively and where said main and
sub slits are formed by trenching at the bottom of said
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printed circuit board and where both ends of said
multiple slot part are open to said ground plane on said
printed circuit board.

2. The meandered slit antenna according to claim 1,
wherein the main slit is extended longer than the sub slit
with a predetermined length.

3. The meandered slit antenna according to claim 1,
wherein the printed circuit board having a multiple slot part
is used as an RFID tag.

4. The meandered slit antenna according to claim 1,
wherein the slot part is formed on a ground plane of the
printed circuit board and is mounted at a predetermined
distance from the RF module.

5. The meandered slit antenna according to claim 1,
wherein at least two printed circuit boards having the
multiple slot part is stacked one another.

6. The meandered slit antenna according to claim 5,
wherein a direction of a main slit of a multiple slot part in
a lower antenna is parallel to a main slit of a multiple slot
part in an upper antenna, and a direction of a main lobe of
an electromagnetic wave induced by the slot parts is iden-
tical to the direction.

7. The meandered slit antenna according to claim 5,
wherein the multiple slot part mounted on the printed circuit
board are stacked perpendicularly each other, and a direction
of' a main lobe of an electromagnetic wave radiated by the
multiple slot part is respectively dissimilar.

8. A meandered slit antenna comprising:

a printed circuit board having a top and a bottom;

an RF module mounted on the printed circuit board to

generate a predetermined electric signal;

a microstrip feed line connected with the RF module to

transmit the predetermined electric signal; and

a meander shaped slot part on said bottom and connected

and mounted to a ground plane of the printed circuit
board for radiating an electromagnetic wave induced by
the electric signal that is transmitted through the
microstrip feed line, where the slot part is formed by
trenching at the bottom of said printed circuit board and
where both ends of said meander shaped slot part are
open to said ground plane on the printed circuit board.

9. The meandered slit antenna according to claim 8,
wherein the printed circuit board having the slot part is used
as an RFID (radio frequency identification) tag.

10. The meandered slit antenna according to claim 8,
wherein the microstrip feed line runs up to about a middle
of the slot part.

11. The meandered slit antenna according to claim 8,
wherein the slot part is formed on a ground plane and is
mounted at a predetermined distance from the RF module.

12. The meandered slit antenna according to claim 8,
wherein at least two printed circuit boards having the slot
part are stacked one another.

13. The meandered slit antenna according to claim 8,
wherein a direction of a main slit in a slot part of a lower
antenna is parallel to a main slit in a slot part of an upper
antenna, and a direction of a main lobe of an electromagnetic
wave induced by the slot parts is identical to the direction the
main slit.

14. The meandered slit antenna according to claim 8,
wherein the slot parts mounted on the printed circuit board
are stacked perpendicularly each other, and directions of
main lobes of electromagnetic waves radiated by the slot
parts are respectively dissimilar.

#* #* #* #* #*
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MOBILE ANTENNA UNIT AND
ACCOMPANYING COMMUNICATION
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna unit and an
accompanying communication apparatus. More specifically,
the present invention relates to an improved antenna unit and
communication apparatus for optimized use in more than
one frequency band.

2. Background

Mobile communication devices that perform radio com-
munications, such as a notebook type personal computers,
Personal Digital Assistans (PDAs), etc., need to be as small
as possible to maximize consumer acceptance. In addition,
such devices must increasingly be capable of efficient com-
munication across a plurality of frequency bands often being
used for wireless LANs. Conventionally, for such purposes,
a print dipole antenna has been proposed which is shareable
between two frequency bands. For more information on
such antennas, the reader may refer to the following papers:

Yosio Ehine “Print Dipole Antenna Sharable between

Two Frequencies: Non-feed Element Side Arrange-
ment” Proceedings of the 1989 IEICE Spring General
Conference B-72, p.2-72; and

Masatoshi Karigome “Energizing of Non-feed Element in

Print Dipole Antenna Sharable between Two Frequen-
cies” proceedings of the 1989 IEICE Spring General
Conference B-73, p.2-73.

In addition, to minimize the size of the antenna, a method
has been disclosed in which an antenna corresponding to a
first frequency band and an antenna corresponding to a
second frequency band are provided on both sides of a
substrate. Such an antenna is described in more detail in
Published Unexamined patent application Ser. No.2003-
8325.

However, such two-frequency print dipole antennas use
half wave resonance, so that the size of the antenna must be
larger than an antenna utilizing Y4 wave resonance and they
also make it difficult to realize acceptable communications
performance across a wide frequency band, such as the 5
GHz frequency band specified in wireless LAN standards
such as IEEE 802.11a.

It is therefore an object of this invention to provide an
antenna unit and a communication apparatus that can solve
the above-mentioned problems. This purpose is achieved by
combinations of characteristics described in the independent
claims appended hereto. In addition, dependent claims
appended hereto specify further advantageous embodiments
of this invention.

SUMMARY OF THE INVENTION

According to a first embodiment of this invention, an
antenna unit is provided which includes an inverted F-type
antenna element provided with a feeding point and a ground
connection point and a non-feed antenna element configured
to resonate with the inverted F-type antenna element through
electrical coupling.

According to a second embodiment of this invention, an
antenna unit is provided which includes a ground part
grounded to the earth, a feed antenna element, one edge of
which is connected to the ground part and which is provided
with a feeding point between the one edge and the other, a
non-feed antenna element which is resonated by the feed
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antenna element through electrical coupling, and a reso-
nance element, one edge of which is connected to the ground
part and which is resonated by the non-feed antenna element
through electrical coupling.

According to a third embodiment of this invention, a
communication apparatus is provided which includes a
transmission circuit that generates signals to be radio-trans-
mitted, an inverted F-type antenna element having a feeding
point that is supplied with signals generated by the trans-
mission circuit and a ground connection point, and a non-
feed antenna element configured to resonate with the
inverted F-type antenna element by electrical coupling.

According to a fourth embodiment of this invention, a
communication apparatus is provided which includes a
transmission circuit that generates signals to be radio-trans-
mitted, a ground part grounded to the earth, a feed antenna
element, one edge of which is connected to the ground part
and which is provided with a feeding point between the one
edge and the other that is supplied with signals generated by
the transmission circuit, a non-feed antenna element reso-
nated by the feed antenna element through electrical cou-
pling, and a resonance element, one edge of which is
connected to the ground part and which is resonated by the
non-feed antenna element through electrical coupling.

In the above-described summary of this invention, as
readily recognized by one skilled in the relevant arts, all
characteristics listed are not necessarily needed for the
invention and subcombinations of these characteristics may
serve as the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be described in
some detail in the following specification and with reference
to the following figures in which like elements are referred
to using like reference numbers and in which:

FIG. 1 is a perspective view of a communication appa-
ratus according to an embodiment of this invention;

FIG. 2 is a perspective, transparent view of the structure
of an antenna unit according to an embodiment of this
invention;

FIG. 3(a) shows an example of a voltage standing wave
ratio (VSWR) analysis result for an antenna unit according
to an embodiment of the present invention when operating
in the 2 GHz frequency band;

FIG. 3(b) shows an example of a VSWR analysis result
for an antenna unit according to an embodiment of the
present invention when operating in the 5 GHz frequency
band;

FIG. 4(a) shows measured values of VSWR for an
antenna unit according to an embodiment of the present
invention operating in the 5 GHz frequency band; and

FIG. 4(b) shows measured values of gain of an antenna
unit according to an embodiment of the present invention
when operating in the 5 GHz frequency band.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

Hereinafter, the present invention will be explained by
way of description of exemplary embodiments, however,
these embodiments should not be read as limiting the
invention’s scope which shall be delineated solely by the
claims appended hereto. In addition, all combinations of
characteristics explained in these embodiments are not nec-
essary for each implementation of the invention.
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FIG. 1 shows a structure of an information processing
apparatus 100 according to this embodiment. The informa-
tion processing apparatus 100 is an example of communi-
cation devices in accordance with an embodiment of the
present invention, and communicates via radio with other
wireless-enabled devices. The information processing appa-
ratus 100 has an input part 110 to input user operations of the
information processing apparatus 100, a display part 120 to
output information to users of the information processing
apparatus 100, and a hinge part 130 which connects the
display part 120 so as to be opened or closed from against
the input part 110. In addition, the information processing
apparatus 100 also has a transmission circuit 140, which
generates signals to be radio-transmitted, and an antenna
unit 200, which is supplied with signals generated by the
transmission circuit 140 and radiates (and receives) radio
waves.

The information processing apparatus 100 according to
this embodiment is capable of communicating on at least a
first frequency band (high frequency band), such as the 5
GHz frequency band used for IEEE802.11a, and a second
frequency band (low frequency band), such as the 2.45 GHz
frequency band used for IEEE802.11b/g or Bluetooth(reg-
istered trademark), which is lower than the first frequency
band. By providing the antenna unit 200, the effective band
over which it may communicate is extended in the first
frequency band, efficient radio communication performance
is realized.

FIG. 2 shows a structure of the antenna unit 200 according
to this embodiment. The antenna unit 200 has an insulating
substrate 201, a feeding line 203, an inverted F-type antenna
element 215, non-feed antenna elements 220a and 2205,
shield parts 230a and 2305, a ground connection part 235
and a resonance element 240.

The insulating substrate 201 is provided on the side of the
display part 120 so that its top and bottom surfaces are
parallel with the top surface of the display part 120, and is
incorporated with other elements and components of the
antenna unit 200. An exemplary insulating substrate 201
according to this embodiment is about 50 mm along its long
side, about 10 mm along its short side, and about 0.3 mm in
thickness.

The feeding line 203, which comprises a type of wiring,
such as a coaxial cable, supplies transmission signals gen-
erated by the transmission circuit 140 to the antenna unit
200.

The inverted F-type antenna element 215 is provided on
the top surface of the insulating substrate 201 in parallel with
the top surface of the display part 120, e.g., by printed
wiring, and connected to the core-wire of the feeding line
203. The inverted F-type antenna element 215 is an example
of inverted F-type antenna elements and feed antenna ele-
ments according to this invention. The inverted F-type
antenna element 215 is provided between a ground connec-
tion point 207 connected to a ground part 225 on the shield
part 230q at one edge, an edge having the ground connection
point 207 and the other, and has a feeding point 205 fed with
transmission signals generated by the transmission circuit
140. The inverted F-type antenna element 215 according to
this embodiment has a L-shaped structure, in which the
element is extended by a first length from the ground
connection point 207 in the direction of the short side of the
insulating substrate 201 and then the element is extended by
a second length longer than the first length in the direction
of the long side of the insulating substrate 201.

The plurality of non-feed antenna elements 220 (the
non-feed antenna elements 220a and 2205) are provided on
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the bottom surface of the insulating substrate 201 in parallel
with the top surface of display part 120, e.g., by printed
wiring, and are non-feed elements provided so as to resonate
with the inverted F-type antenna element 215 through elec-
trical coupling. Each of the non-feed antenna elements 220a
and 22056 has overlapped parts with the inverted F-type
antenna element 215 and the resonance element 240 in the
perpendicular direction of the insulating substrate 201.

The shield parts 230a and 2305 are grounded to the earth
and surround the back that is in a radiation direction of an
electromagnetic wave transmitted by the antenna unit 200
and the sides of the inverted F-type antenna element 215 and
the non-feed antenna elements 220a and 2205. Each of the
shield parts 230a and 2305 may be U-shaped, the outside
edge of which is three sides of top and bottom surfaces of the
insulating substrate 201. The shield parts 230a and 2305 are
provided in the side of the display part 120 rather than the
inverted F-type antenna element 215 and the non-feed
antenna elements 220a and 2205, and prevents features of
the antenna unit 200 from being influenced by signal lines or
ground parts of the display part 120 and other devices.

In this embodiment, the shield part 230a is connected to
the shield line of the feeding line 203 at a shield connection
point 210, and functions as a ground part for the inverted
F-type antenna element 215. In addition, one part of the
shield part 230qa is grounded to the earth via a shield line,
and functions as the ground part 225 which is connected to
one edge of each of the inverted F-type antenna element 215
and the resonance element 240. Alternatively, at least one of
the shield parts 230a and 23056 may also be electrically
connected to ground potential provided in the information
processing apparatus 100 at a point other than the shield
connection point 210.

The ground connection part 235 is a conductor, which is
provided at a via hole that penetrates the insulating substrate
201, and electrically connects the shield parts 230a and
23056. The resonance element 240, one edge of which is
connected to the ground part 225 on the shield part 230q, is
resonated by the non-feed antenna elements 220a and 2205
through electrical coupling. In this embodiment, the reso-
nance element 240 is extended from the edge connected to
the ground part 225 toward a direction away from the
inverted F-type antenna element 215. In addition, after
extending a first length, like the inverted F-type antenna
element 215, from the edge connected to the shield part 230a
in the direction of the short side of the insulating substrate
201, the resonance element 240 is extended by a second
length longer than the first length in a direction of the long
side of the insulating substrate 201 toward the direction
away from the inverted F-type antenna element 215. There-
fore, the inverted F-type antenna element 215 and the
insulating substrate 201 are provided so that the parts
extending in the direction of the long side of the insulating
substrate 201 are positioned approximately along a straight
line with each other. In addition, in the resonance element
240 according to this embodiment, the other edge, which is
different from the edge connected to the ground part 225, is
connected to the shield part 230a electrically connected with
the ground part 225, but alternatively, the edge may also be
a free edge that is not connected to the shield part 230a.

Next, a structure and operation of the antenna unit 200
will be explained corresponding to each of the first and
second frequency bands.

(1) The First Frequency Band
When a first frequency signal in the first frequency band
is supplied to the feeding point 205, the inverted F-type
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antenna element 215 oscillates. Subsequently, the non-feed
antenna elements 220a and 2205 resonate with the inverted
F-type antenna element 215, and radiate an electromagnetic
wave corresponding to the first frequency signal as a
waveguide device to radiate an electromagnetic wave.

The inverted F-type antenna element 215 may have a
length of about one-fourth of the wavelength in the first
frequency band so as to oscillate by receiving a transmission
signal supplied from the transmission circuit 140.

In addition, to make the non-feed antenna elements 220a
and 2205 resonate with the inverted F-type antenna element
215 through electrical coupling, each of the inverted F-type
antenna element 215 and the non-feed antenna elements
220a and 2205 may have an electrically coupled plane in
parallel facing each other in the side of the insulating
substrate 201. The distance between the inverted F-type
antenna element 215 and the non-feed antenna elements
220q and 2205 may be within a length over which electrical
coupling effectively operates, e.g., one-tenth or less of a
wavelength corresponding to a resonance frequency at
which the inverted F-type antenna element 215 resonates in
the first frequency band.

In addition, each of the non-feed antenna elements 220a
and 22056 according to this embodiment has two or more
different lengths along a direction of resonance with the
inverted F-type antenna element 215, that is, in the direction
of the long side of the insulating substrate 201. This enables
each of the non-feed antenna elements 220a and 2205 to
resonate with the inverted F-type antenna element 215 in a
wide band of the first frequency band, and features of the
antenna unit 200 can be maintained well in the wide band of
the first frequency band.

More specifically, in each of the non-feed antenna ele-
ments 220a and 22056 according to this embodiment, the
surface that faces the inverted F-type antenna element 215,
that is, touches the insulating substrate 201, is trapezoid-
shaped, the base direction of which is a direction of reso-
nance with the inverted F-type antenna element 215. With
this structure, each of the non-feed antenna elements 220a
and 2204 allows features of the antenna unit 200 to be
stabilized well in a wide band of the first frequency band.

In addition, in accordance with this embodiment, the
non-feed antenna elements 220a and 2205 have different
lengths along a direction of resonance with the inverted
F-type antenna element 215, that is, in the direction of the
long side of the insulating substrate 201. More specifically,
the non-feed antenna element 2205, which is placed farther
from the display part 120 and touches a side of the insulating
substrate 201, is longer than the non-feed antenna element
220aq along a direction of resonance with the inverted F-type
antenna element 215. With this structure, the non-feed
antenna elements 220a and 2205 resonate efficiently with
the inverted F-type antenna element 215 across different
frequency ranges. At a result, by providing the non-feed
antenna elements 220aq and 2205, at least either the non-feed
antenna element 220a or the non-feed antenna element 2205
efficiently resonates with the inverted F-type antenna ele-
ment 215 corresponding to any frequency supplied to the
feeding point 205 in the first frequency band, so that features
of the antenna unit 200 can be maintained well across a wide
band of the first frequency band.

Each of the non-feed antenna elements 220a and 2204
according to this embodiment is placed so that a side of it
shorter than the other sides faces the other non-feed antenna
element along a direction of resonance with the inverted
F-type antenna element 215. More specifically, the non-feed
antenna elements 220a and 2205 are trapezoid-shaped, in
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which they have their top sides and bases along a direction
of resonance with the inverted F-type antenna element 215
and the top sides, which are shorter than the bases, face each
other. With this structure, electrical interference between the
non-feed antenna elements 220a and 2205 is minimized.

(2) The Second Frequency Band

When a signal in the second frequency band lower than
the first frequency band is supplied to the feeding point 205,
the inverted F-type antenna eclement 215, the non-feed
antenna elements 220a and 2205, and the resonance element
240 oscillate in the shape of a loop, so that the antenna unit
200 radiates electromagnetic waves corresponding to the
second frequency signal.

In this embodiment, the non-feed antenna elements 220a
and 2206 have feed antenna side electrostatic connection
parts 221a and 2215, which face the inverted F-type antenna
element 215 and resonate through electrical coupling, and
resonance element side electrostatic connection parts 222a
and 22254, which face the resonance element 240 and allow
the inverted F-type antenna element 215 to be resonated by
electrical coupling, respectively.

When a second frequency signal is supplied to the feeding
point 205, by electrical coupling, a current, which is reverse
to the current flowing through the inverted F-type antenna
element 215, occurs at the feed antenna side electrostatic
connection parts 221a¢ and 221b. Subsequently, by the
current occurring at the feed antenna side electrostatic
connection parts 221a and 2215, a current occurs at the
resonance element side electrostatic connection parts 222a
and 222b. As a result, by electrical coupling, a current,
which is reverse to the current flowing through the reso-
nance element side electrostatic connection parts 222a and
222b, occurs at the resonance element 240, so that the
inverted F-type antenna element 215, the non-feed antenna
elements 220a and 2205, and the resonance element 240
oscillate in the shape of a loop. In this embodiment, the
loop-shaped route has a length approximately equal to that
of a standing wave of one period generated by the loop
oscillation resulting from the second frequency signal. For
example, in the case of the 2.45 Ghz frequency band (about
12 c¢m in wavelength), the loop-shaped route is designed so
as to be 7 to 8 cm considering the guidance and capacity
components of the antenna unit 200.

As described above, the antenna unit 200 according to this
embodiment functions as an inverted F-type antenna, which
has the non-feed antenna elements 220a and 2205 that
become a waveguide device in the first frequency band, and
functions as a loop-type antenna in the second frequency
band lower than the first frequency band. In the first fre-
quency band, as the result of the use of ¥4 wave resonance,
this allows the antenna unit 200 to amplify radiation energy,
which is half of that of dipole type, through the non-feed
antenna elements 220a and 2205. On the other hand, in the
second frequency band that has a longer wavelength, by
oscillating at a loop-shaped route, the long side of the
antenna unit 200 can be made shorter so that the overall size
of the antenna unit may be minimized.

In addition, the antenna unit 200 is adopted with a feeding
structure of inverted F-type element, so that input imped-
ance can easily be adjusted by changing the position of the
feeding point 205. Therefore, compared with a print dipole
antenna designed to operate in two frequency bands, which
adjusts input impedance according to the thickness of a
substrate, the thickness of the substrate according to
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embodiments of the present invention can be minimized,
again, allowing the overall size of the antenna unit 200 to be
minimized.

FIG. 3(a) shows a numerical analysis result of the VSWR
(Voltage Standing Wave Ratio) characteristics of the antenna
unit 200 in the 2.45 GHz frequency band. In the 2.45 GHz
frequency band, it is required that communications be per-
formed well across 100 MHz of bandwidth. As shown in
FIG. 3(a), the antenna unit 200 according to this embodi-
ment can suppress VSWR to two or less across 100 MHz of
bandwidth in the 2.45 GHz frequency band, and communi-
cations that are appropriate for IEEE 802.11b/g and Blue-
tooth (registered trademark) may be efficiently performed.

FIG. 3(b) shows a numerical analysis result of the VSWR
characteristics of the antenna unit 200 in the 5 GHz fre-
quency band. In the 5 GHz frequency band, it is required that
communications be performed well across 700 MHz of
bandwidth from 5.15 GHz to 5.85 GHz. As shown in FIG.
3(b), the antenna unit 200 according to this embodiment can
suppress VSWR to two or less across 1200 MHz of band-
width in the 5 GHz frequency band, and communications
that are appropriate for IEEE 802.11a can be efficiently
performed.

FIG. 4(a) shows measured values of the VSWR charac-
teristics of the antenna unit 200 in the 5 GHz frequency
band. When the VSWR characteristics of the antenna unit
200 according to this embodiment is measured, VSWR is
suppressed to two or less across a bandwidth of about 1100
MHz or more from about 5.1 GHz in the 5 GHz frequency
band. Achieving better VSWR characteristics across such a
wide bandwidth results from providing the non-feed antenna
elements 220 having two or more different lengths, the
lengths being different along a direction of resonance with
the inverted F-type antenna element 215 and providing a
plurality of the non-feed antenna elements 220, the lengths
of' which are different along a direction of resonance with the
inverted F-type antenna element 215.

FIG. 4(b) shows measurement values of gain of the
antenna unit 200 in the 5 GHz frequency band. When gain
characteristics of the antenna unit 200 according to this
embodiment is measured, a high and stable gain was
achieved compared with other antennas developed based on
an inverted F-type antenna structure across 700 MHz of
bandwidth in the 5 GHz frequency band. Achieving a high
and stable gain across such a wide bandwidth results from
providing the trapezoid-shaped non-feed antenna element
220, the base direction of which is along a direction of
resonance with the inverted F-type antenna element 215 and
providing a plurality of the non-feed antenna elements 220,
the lengths of which are different along a direction of
resonance with the inverted F-type antenna element 215.

The present invention has been explained in some detail
by describing one or more exemplary embodiments. How-
ever, it is to be understood that the scope of the present
invention is not restricted to the range of the above-de-
scribed embodiments. Those skilled in the relevant arts will
readily recognize that various changes or modifications may
be made to the described embodiments without departing
from the scope and spirit of the present invention, the scope
of' which is defined by the claims which are appended hereto.

For example, the above-described antenna unit 200 may
be used for not only transmitting but also receiving. In this
case, signals received by the antenna unit 200 is supplied to
a receiving circuit connected with the feeding line 203 via
the feeding point 205. If used for receiving, the antenna unit
200 shows good features as in the case of transmitting. This
is clear from the reciprocal theorem of antennas.
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What is claimed is:

1. An antenna unit, comprising:

an inverted F-type antenna element provided with a

feeding point and a ground connection point; and

a non-feed antenna element configured to resonate with

said inverted F-type antenna element by electrical
coupling,

wherein a surface of said non-feed antenna element facing

said inverted F-type antenna element is trapezoid-
shaped, and a base of said trapezoid shape is along a
direction of resonance with said inverted F-type
antenna element.

2. The antenna unit according to claim 1, wherein said
inverted F-type antenna element and said non-feed antenna
element have electrical coupling planes which are generally
parallel, one with the other.

3. The antenna unit according to claim 1, wherein said
non-feed antenna element has two or more different lengths
along a direction of resonance with said inverted F-type
antenna element.

4. The antenna unit according to claim 1, wherein said
non-feed antenna element comprises two or more non-feed
antenna elements, the lengths of which are different along a
direction of resonance with said inverted F-type antenna
element.

5. The antenna unit according to claim 4, wherein each of
said two or more non-feed antenna elements has two or more
different lengths along a direction of resonance with said
inverted F-type antenna element, and wherein a shortest side
of each non-feed antenna element faces a shortest side of
another non-feed antenna element along a direction of
resonance with said inverted F-type antenna element.

6. The antenna unit according to claim 1, wherein: said
non-feed antenna element comprises a first non-feed antenna
element and a second non-feed antenna element, each of
which element is trapezoid shaped having a top side and a
base aligned along a direction of resonance with said
inverted F-type antenna; and wherein said top sides, being
shorter than said bases, face each other.

7. The antenna unit according to claim 1, further com-
prising: a U-shaped shield part grounded to the earth and
surrounding a back side of said antenna unit, said back side
being in a direction of radiation of electromagnetic waves by
said antenna unit, and further surrounding the sides of said
inverted F-type antenna element and said non-feed antenna
element in the same plane as said inverted F-type antenna
element.

8. The antenna unit according to claim 1, further com-
prising: an insulating substrate comprising top and bottom
surfaces, wherein said inverted F-type antenna element is
provided on the top surface and said non-feed antenna
element is provided on the bottom surface of said substrate.

9. The antenna unit according to claim 1, further com-
prising: a ground part grounded to the earth, which is
connected to said ground connection point provided on one
edge of said inverted F-type antenna element; and a reso-
nance element, one edge of which is connected to said
ground part, and which is configured to be resonated by said
non-feed antenna element through electrical coupling.

10. The antenna unit according to claim 9, wherein said
resonance element extends in a direction that maintains a
distance between said inverted F-type antenna element and
said edge of said resonance element that is connected to said
ground part.

11. The antenna unit according to claim 9, wherein when
a first frequency signal is supplied to said feeding point, said
inverted F-type antenna element oscillates and said non-feed
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antenna element resonates, so that said antenna unit radiates antenna element and the resonance element oscillate in the
an electric wave corresponding to said first frequency signal shape of a loop, so that said antenna unit radiates an electric
as a waveguide device, and when a second frequency signal wave corresponding to said second frequency signal.

lower than said first frequency is supplied to said feeding
point, said inverted F-type antenna element, said non-feed L
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RFID TAG USING A SURFACE INSENSITIVE
ANTENNA STRUCTURE

This is a divisional of U.S. application Ser. No. 11/245,
152, filed Oct. 6, 2005, which is a continuation of Interna-
tional Application No. PCT/US04/11218, filed Apr. 12,
2004, published in English as WO 2004/093246. Interna-
tional Application No. PCT/US04/11218 claims priority to
U.S. Provisional Application No. 60/517,156, filed Nov. 4,
2003.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the field of Radio Frequency
Identification (RFID) tags and labels, and in particular to
tags and labels that include a surface insensitive antenna
structure.

2. Description of the Related Art

Current inventory and manufacturing methods rely on the
ability to track and identify items of concern, such as
inventory items, packages, individual parts, etc., and to
communicate information concerning such items of concern
in a wireless manner for processing and use. One known
method of tracking and providing information on such items
of concern is to attach to each such item a wireless com-
munication device, such as an active or passive transponder,
incorporated into an identification tag or label that responds
to radio frequency interrogation and commands. The tag
may store or represent information concerning the item to
which it is attached, such as a unique identifying number,
item status such as opened or unopened, location, and the
like. The tag may be attached to an individual item or to
packaging containing multiple items.

The present invention deals with the problems that arise
in attempting to design and manufacture an RFID tag that
has general applicability and can efficiently operate when
the packaging and containers on which such a tag may be
attached vary widely. For example, some items of interest
are shipped in bulk in a single container made of cardboard
or plastic, heavier items may be shipped in wooden boxes,
and liquids and viscous materials may be shipped in metal
containers. Specifically, the present invention is directed
toward meeting the problems that arise in attempting to
design and manufacture an antenna structure that will oper-
ate efficiently and properly over a wide range of such
packaging and containers.

In general, an antenna connected to an RFID tag is
designed for operation on a specific or narrow range of
substrates on which it may be attached or upon which it may
be otherwise coupled to. Other substrates will cause the
radiation efficiency of the antenna to deteriorate from the
designed optimal mounting substrates. Thus, the antenna,
and consequently the tag, will no longer radiate properly as
designed. This loss of antenna efficiency may be due to a
number of variable packaging factors. One is that each
substrate has its own dielectric characteristics that typically
affect the impedance matching between the wireless com-
munication device and its antenna. Impedance matching
ensures the most efficient energy transfer between an
antenna and the wireless communication device.

The substrates on which such antennas are attached
therefore are important in designing the antenna and the
subsequent operating efficiency of the RFID tag itself.
Common substrates vary from the non-conductive, such as
cardboard, to the conductive, such as foil. In fact, even
within a single type of substrate the dielectric characteristics
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may vary, such as in cardboard packaging, the thickness of
the cardboard substrate can differ from package to package,
even the moisture content of the cardboard due to weather
changes may cause a change in its dielectric characteristics.
The radiation efficiency and operation of the antenna can be
affected by these highly variable factors even if the antenna
was designed for attachment to a cardboard substrate. There-
fore, a need exists to provide an antenna for use with a
wireless communication device in an RFID tag whose
impedance and therefore radiation efficiency is substantially
insensitive to the substrate on which it may be attached.

Some prior art systems attempt to overcome the problem
of the varying dielectric characteristics of the packaging on
which the tag is applied by mounting and encapsulating the
wireless communication device and antenna system on a
known substrate and then attaching the encapsulated system
onto the subject packaging so that the RFID tag “floats”
independently of the packaging on which it is mounted, i.e.,
it is separated from the package by some distance, such as
label/ticket that is attached with a plastic fastener. The
problem with this encapsulated RFID tag is that it is cum-
bersome, expensive, difficult to mount and protrudes from
the surface of the packaging on which it is mounted, leaving
it susceptible to damage and prone to fall off during handling
of the packaging, leaving the item untagged.

To overcome these noted problems, RFID tag embodi-
ments have been developed that are directly attached by
adhesion to or printing on the surface of the packaging
thereby resulting in a lower tag profile that is less prone to
damage or removal during handling of the packaging. How-
ever, direct surface mounting of these antennas and tags
cause their efficiency to suffer from the varying dielectric
characteristics of the surfaces on which they are attached.
Thus, these systems require that different tags be used on
different packaging resulting in added cost, complexity and
manufacturing inconvenience. Since it is preferable to tag
each inventory item separately, the need for so many dif-
ferent tags multiples the problems greatly.

Other known prior art RFID tags have attempted to
overcome the problem of the varying dielectric characteris-
tics of the packaging and provide a generally, “one size fits
all” tag, by designing tag antenna systems that are insensi-
tive to the surfaces on which they are mounted.

One known such RFID tag structure that is insensitive to
its mounting surface, is that described in U.S. Pat. No.
6,501,435 to King et al., titled “Wireless Communication
Device and Method.” This tag structure compensates for the
varying substrate dielectric characteristics on which the
RFID tabs are attached by utilizing an antenna structure
where the radiating tabs are asymmetric with regard to their
shape and size. The tab(s) may be attached to the surface of
the package or dielectric material opposite the tab(s).

SUMMARY OF THE INVENTION

One aspect of the present invention relates to an antenna
system and an RFID tag or label that is insensitive to or
compensates for the substrate on which it is mounted.

The RFID tag includes a wireless communication device,
such as a passive or active transponder that responds to a
radio frequency signal to communicate stored information
concerning a package or its contents.

The antenna system contains two or more tabs constructed
out of conductive material. The tabs may act as a monopole
or multiple array antenna and may further act to attach the
wireless communication device of the tag to the packaging
or container. Likewise the tabs may resonate at one or
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multiple frequencies of interest. Apertures in the packaging
may be used in conjunction with the tabs to form slot
antennas or antennas that have multiple resonant frequen-
cies.

The tabs may be attached to, be printed on, or be formed
by the surface of the package. In one embodiment, the tab(s)
are attached to the surface of a package, which itself
comprises a dielectric material. An example of this embodi-
ment is attachment of the tabs to a corrugated cardboard box.
This embodiment offers the advantage of efficiency, by
eliminating the need for an additional dielectric material
beyond that of the package itself. A disadvantage of this is
that variability of the packaging material, such as its struc-
ture and its dielectric constant (the dielectric constant is the
amount of permissivity of a particular material). This vari-
ability in turn can lead to unacceptable variations in the
impedance of the RFID device.

Therefore, the tab(s) may be reactively coupled to the
surface of the package through a dielectric material. The
dielectric material can be an adhesive coated flexible label
stock on which the tabs are mounted to attach the RFID
device to a package. In one embodiment of the invention, the
label stock is a flexible material, such as a polymeric film,
that is manufactured in long rolls of flexible web material
using roll-to-roll manufacturing techniques. The uniform tab
design of this embodiment, as further explained herein,
offers various manufacturing advantages in roll-to-roll
manufacturing of label stock, such as simplifying the print-
ing or other formation of the tabs; simplifying connection of
the tabs to the microelectronic device; facilitating die cutting
or other separation into individual labels or label inlays; and
other advantages as are apparent to those skilled in the art.

The dielectric material of the package, or alternatively the
dielectric material of the RFID tag, includes a conductive
structure such as a ground plane opposite the conductive
tab(s), which may act as a radio frequency reflecting shield.

Methods for manufacturing RFID labels are disclosed in
PCT Publication No. WO 01/61646 by Moore North
America, Inc., incorporated herein by this reference. The
method disclosed in PCT Publication No. WO 01/61646
uses a number of different sources of RFID inlets, each inlet
including an antenna and a chip. A plurality of webs is
matched together and RFID labels are die cut from the webs,
to produce RFID labels with a liner. Alternatively, linerless
RFID labels are produced from a composite web with a
release material on one face and pressure sensitive adhesive
on the other, the labels formed by perforations in the web.
Various alternatives are possible.

The tabs may be formed on the web using a wide variety
of materials and processes. For example, one process
involves printing on the web a conductive material, such as
silver conductive ink, in a pattern defining multiple tabs. The
ink may be printed for example using silk screening tech-
niques, such as in a sheet fed or roll operation. The tabs are
typically dried and stored on the web in a roll. However, as
an alternative, the tabs may be wet printed during the label
manufacturing process, in line with other process steps.

Additional suitable methods of forming the tabs include
printing conductive ink, sputtering metal, laminating foil or
hot-stamping, or any method known in the art for forming
conductive patterns on a film.

The precision or definition of the printed elements of lines
and spaces may be important to the performance of the tabs
and the overall RFID device. With some tab designs, con-
ventional printing may not provide adequate resolution,
line/space separation or other quality characteristics neces-
sary to deliver engineered performance.
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Likewise, control of thickness and smoothness of the
printed areas of the tabs can have an important effect on their
performance. Variability due to ink formulation, environ-
mental conditions, substrate specifications, process condi-
tions and other factors can impact both the smoothness and
final thickness of printed antennas. Surface tension effects
underlie many of these variables and place constraints on the
amount of ink that can be deposited, and how closely
graphic elements can be positioned to one another.

In addition to a flexible dielectric base material that
carried the tabs, an additional continuous web or sheet of
selected materials may be provided to support and protect
the tabs and microelectronic device, and/or to provide usable
form factors and surface properties (e.g. printability, adhe-
sive anchorage, weatherability, etc.) for specific applica-
tions. The base material and additional protective material(s)
may be made of films, papers, laminations of films and
papers, or other flexible sheet materials suitable for a par-
ticular end use. The resulting continuous web of RFID label
stock or RFID tag stock may be overprinted with text and/or
graphics, die-cut into specific shapes and sizes into rolls of
continuous labels, or sheets of single or multiple labels, or
rolls or sheets of tags.

In typical label constructions, the label is die cut, as with
a wedge die or other cutting method known in the label art.
In the case of a pressure sensitive adhesive label carried on
a liner layer, the die cut may extend all the way through the
cross-section of the label or the cut may extend only down
to the liner layer. In this instance, the liner may be kept as
a unified sheet of standard sheet size, with one or more
removable labels on top of the sheet, as is typical in the
labeling art. It is noted that an adhesive layer and corre-
sponding release liner may be omitted, in the event that a tag
rather than a label is desired.

In one embodiment, the label stock is a foam material as
a foam material provides electrical as well as mechanical
manufacturing advantages in providing a more efficient
performance than some other materials such as cardboard,
within relatively short, compact dimensions than would
otherwise be required to produce the same results. The foam
material also acts as a dielectric medium, as discussed
further below, that makes for easier manufacturing and
permits laminating flexibility and less cost than found with
solid materials such as polypropylene which are fairly
inflexible and costly in manufacturing and use.

Also, the manufacturing advantages of uniform tabs are
seen to greatest advantage when the labels or tab sets as they
are being manufactured on a web medium, are arranged on
such medium in a regular array, such as an orthogonal
row-and-column array. Just as the geometry of one embodi-
ment involves one or more rows of tabs arrayed along the
machine direction of a web of flexible dielectric stock,
according to one embodiment each set of uniform tabs may
be circumscribed by a well-defined area of the web. Most
preferably this circumscribing area substantially takes the
form of a rectangle.

Likewise, a ground plane or radio frequency reflecting
member of the antenna structure or tag may be formed in
association with the tag itself for better space and manufac-
turing efficiency using the web manufacturing process. In
one method, the ground plane is formed or provided sepa-
rately from the formation of the tabs on the long flexible
web. In this case, the separately produced ground plane must
later be associated with and properly positioned when the
tag is placed on its desired packaging.

In another method, the ground plane is formed on the
same web as the tabs, preferably along the machine direction
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of the web. The antenna tabs and the ground plane may be
separated by a fold line, which may be a scored line on the
web, for ease in application of the label to packaging. In this
method, the antenna structure of the tag and its associated
ground plane elements are formed together in a known and
fixed spatial relationship and handled as a single unit for
application to the desired packaging. In application, the tag
is placed on a side of the packaging along an edge. In this
position, the tag can be folded along a score line so that the
antenna structure portion of the tag remains on the outside
surface panel of the package, while the ground plane portion
is positioned on the inside surface of the panel of the
package opposite the antenna tabs to provide a radio fre-
quency reflective ground plane. Intermediate the antenna
tabs and the ground plane element of the tag is sandwiched
the side of the packaging, which may be used by the label
as a dielectric between these two label elements for better
label operation.

In another embodiment, the tabs may be printed on a
continuous webbing with a self-adhesive backing. When
used, they are detached from the webbing and attached to the
packaging in an automated procedure. In a different embodi-
ment, the tabs are reactively coupled to the surface of the
package through a dielectric material. The dielectric mate-
rial may include an adhesive material placed on the tabs that
doubles to attach the tag to a package. Alternatively, the
dielectric material may include the material from which the
package is constructed, such as a cardboard layer between
the tabs and a grounding or radio frequency reflecting
structure commonly referred to as a ground plane.

The antenna structure may be configured so that the
impedance of the antenna system is not substantially
affected by the substrate to which the wireless communica-
tion device is attached, so that it will remain within a known
range of impedance for tag designing purposes. In one
embodiment, the antenna arrangement is a dipole antenna
formed by identically shaped tabs. The tabs are manufac-
tured with an adhesive on one side so that they may be
adhered to the surface of the substrate forming the packag-
ing. The tabs are connected at feedpoints to the wireless
communication device with transmission lines that may be
conductive paths or wires.

It is also contemplated that the wireless communication
device of the RFID tag may be recessed into an indentation
formed in the packaging substrate so that the wireless
communication device does not protrude from the substrate
surface, making the RFID tag less prone to damage during
handling of the packaging.

In another embodiment, the invention includes a tag that
may be mounted on only one side of the packaging. In this
embodiment at least two conductive tabs are arranged to
form a dipole antenna. A thin dielectric is coupled to the
conductive tabs and a ground plane, or radio frequency
reflecting structure, is coupled to the thin dielectric so that
the thin dielectric is between the conductive tabs and ground
plane. The ground reflecting structure can be unitary, that is,
formed from a single connected element such as a flat plate,
or formed from a cooperating series of isolated components
such as a series of non-connected flat plates.

According to an aspect of the invention, a radio frequency
identification (RFID) device includes a pair of conductive
tabs on a first surface of the dielectric layer; a conductive
structure; and a dielectric layer between the conductive tabs
and the conductive structure. The dielectric layer has a
thinner portion and a thicker portion. One of the conductive
tabs is at least partially on the thinner portion of the
dielectric layer.
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According to another aspect of the invention, a method of
making an RFID device includes: forming a pair of conduc-
tive tabs on one face of a dielectric layer; and forming a
thinner portion of the dielectric layer that is thinner than a
thicker portion of the dielectric layer. One of the conductive
tabs is at least partially on the thinner portion.

According to yet another aspect of the invention, an RFID
device includes a pair of dielectric layers joined together to
create an overlapping portion; a pair of conductive tabs on
one of the dielectric layers, at the overlapping portion; and
a conductive structure on the other of the dielectric layers,
at the overlapping portion, the dielectric layers of the
overlapping portion thereby being between the conductive
structure and the conductive tabs.

According to still another aspect of the invention, a
method of applying an RFID device to a container includes
forming a overlapping portion of the container by overlap-
ping and joining together a pair of parts of the container;
forming a pair of conductive tabs at the overlapping portion
on one of the parts of the container; and forming a conduc-
tive structure at the overlapping portion at the other of the
parts of the container.

According to a further aspect of the invention an RFID
device includes: an expandable substrate; and an antenna
structure on one face of the substrate.

According to a still further aspect of the invention, an
expandable substrate includes a middle film having multiple
segments. A first part of each segment is attached to a top
film and a second part of each segment is attached to a
bottom film. A third part of each segment, between the first
and second parts, rotates relative to the first and second parts
when the top film is moved relative to the bottom film,
thereby expanding the substrate.

According to another aspect of the invention, a method of
forming an RFID device includes: printing one or more
layers of the device atop an expandable substrate; and
expanding the substrate, thereby increasing the thickness of
the substrate.

To the accomplishment of the foregoing and related ends,
the invention comprises the features hereinafter fully
described and particularly pointed out in the claims. The
following description and the annexed drawings set forth in
detail certain illustrative embodiments of the invention.
These embodiments are indicative, however, of but a few of
the various ways in which the principles of the invention
may be employed. Other objects, advantages and novel
features of the invention will become apparent from the
following detailed description of the invention when con-
sidered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the annexed drawings, which are not necessarily
according to scale,

FIG. 1 is a schematic diagram of an RFID tag incorpo-
rating an antenna arrangement embodying the present inven-
tion;

FIG. 2 is a schematic diagram of an RFID tag incorpo-
rating an alternative antenna arrangement embodying the
present invention;

FIG. 3 is a schematic diagram of an RFID tag incorpo-
rating a second alternative antenna arrangement embodying
the present invention;

FIG. 4 is a cross sectional view of an RFID tag incorpo-
rating an antenna arrangement embodying the present inven-
tion as it would be mounted on a packaging sidewall;
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FIG. 5 is a cross sectional view of an RFID device of the
present invention mounted on an overlapping portion of a
carton;

FIG. 6 is an oblique view of a marker printed on a portion
of a carton or other container, indicating where a reflective
conductive structure is to be located;

FIG. 7 is an oblique view illustrating placement of the
RFID device of FIG. 6;

FIG. 8 is an oblique view of an RFID device in accor-
dance with the present invention, having a monopole
antenna structure;

FIG. 9 is a plan view of one embodiment of the RFID
device of FIG. 8;

FIG. 10 is an oblique view of another embodiment of the
RFID device of FIG. 8;

FIG. 11 is a schematic view showing a system for
producing the RFID device of FIG. 8;

FIG. 12 is a cross sectional view of an RFID device in
accordance with the present invention, having an expand-
able substrate;

FIG. 13 is an exploded view of the expandable substrate
of the device of FIG. 12;

FIG. 14 is an oblique view of the expandable substrate of
the device of FIG. 12, in a compressed state;

FIG. 15 is an oblique view of the expandable substrate of
the device of FIG. 12, illustrating expansion of the substrate;
and

FIG. 16 is a plan view of an RFID device in accordance
with the present invention, having generally rectangular
conductive tabs.

DETAILED DESCRIPTION

The present invention is directed to a radio frequency
identification device (RFID) and its antenna system as it is
attached to a package or container to communicate infor-
mation about the package or container to an external reader.
The package may be an individual package containing
specific, known contents, or an individual, exterior package
containing within it a group of additional, interior individual
packages. The word “package” and “container” are used
interchangeably herein to describe a material that houses
contents, such as goods or other individual packages, and
equivalent structures. The present invention should not be
limited to any particular meaning or method when either
“package” or “container” is used.

An RFID device includes conductive tabs, and a conduc-
tive structure, with a dielectric layer between the conductive
tabs and the conductive structure. The conductive structure
overlaps the conductive tabs and acts as a shield, allowing
the device to be at least somewhat insensitive to the surface
upon which it is mounted, or to the presence of nearby
objects, such as goods in a carton or other container that
includes the device. The dielectric layer may be a portion of
the container, such as an overlapped portion of the container.
Alternatively, the dielectric layer may be a separate layer,
which may vary in thickness, allowing one of the conductive
tabs to be capacitively coupled to the conductive structure.
As another alternative, the dielectric layer may be an
expandable substrate that may be expanded after fabrication
operations, such as printing.

FIG. 1 illustrates one embodiment of the present inven-
tion that is found in an RFID tag 10 that includes a wireless
communication device 16. The device 16 may be either
active in generating itself the radio frequency energy in
response to a received command, or passive in merely
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reflecting received radio frequency energy back to an exter-
nal originating source, such as current RFID tag readers
known in the art.

In this embodiment, there are preferably at least two
conductive tabs 12 and 14, coupled to the wireless commu-
nication device for receiving and radiating radio frequency
energy received. The tabs 12 and 14 together form an
antenna structure 17. The two tabs 12 and 14 are substan-
tially identical in shape and are coupled to the wireless
communication device 16 at respective feedpoints 20 and 22
that differ in location relative to each of the tabs. The tabs 12
and 14 may be generally identical in conducting area if the
two tabs are of the same size as well as shape. Alternatively
the tabs 12 and 14 may differ in size while their shape
remains generally the same resulting in a different conduct-
ing area. The tabs 12 and 14 may be collinear or non-
collinear to provide different desired antenna structures. For
example, in FIG. 1 tabs 12 and 14 are offset and adjacent to
provide a slot antenna system in area 18 that provides for
resonance at multiple radiating frequencies for operation at
multiple frequencies.

It is also contemplated that the invention includes having
multiple arrays of conductive tabs that are connected to
device 16. These tabs may be designed to work in unison
with one another to form dipole or Yagi antenna systems, or
singly to form monopole antennas as desired for the par-
ticular tag application. By using such multiple conductive
tab arrays, multiple resonant frequencies may be provided so
that the tag may be responsive to a wider range of tag readers
and environmental situations than a single dedicated pair of
conductive tabs. It will be appreciated that multiple conduc-
tive tabs to improve the range or directional characteristics
in reading the RFID device.

Other considered shapes for the conductive tabs are
illustrated in FIGS. 2 and 3 and include not only regular
shapes such as the tapered, triangular shape illustrated in
FIG. 1, but also truncated triangular shapes denoted by
reference numbers 32 and 34 in FIG. 3.

Rectangular shaped conductive tabs are also included in
this invention as illustrated in FIG. 2 as reference numbers
22 and 24. In fact, FIG. 2 illustrates, for example, that the
tabs may include a series of contiguous rectangular portions
26, 27, 28 and 40, 41, 42.

In one embodiment of the invention, the rectangular
portions shown in FIG. 2 will have dimensions substantially
as follows: Rectangular portion 26 is about 3 millimeters
wide by about 3 millimeters long; contiguous rectangular
portion 27 is about 10 millimeters wide by about 107.6
millimeters long; and, rectangular portion 28 is about 3
millimeters wide by 15.4 millimeters long. With these
dimensions, it is further preferred that the dielectric substrate
have a thickness between the conductive tabs and the ground
plane of about 6.2 millimeters for foam. Likewise, the
ground plane for this preferred embodiment is about 16
millimeters wide by about 261 millimeters long.

The conductive tabs may also have irregular shapes, or
even composite shapes that include both regular and irregu-
lar portions. Other alternative antenna systems that embody
the present invention include those that have tabs with a
triangular portion contiguous with a freeform curve or a
regular curve such as a sinusoidal pattern.

In FIG. 1, the tab feedpoints 20 and 22, may be selected
so that the impedance across the two feedpoints 20 and 22
of tabs 12 and 14, respectively, is a conjugate match of the
impedance across the wireless communication device 16 to
allow for a maximum transfer of energy therebetween.
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In general, a method of selecting feedpoints on the tabs to
achieve this conjugate impedance match, may be to select
points on each tab differing in location where the width
profile of each tab, taken along an axis transverse to the
longitudinal centerline axis of each tab, differs from one
another. That is, the feedpoints 20 and 22 may be selected
such that the width of the tabs 12 and 14 at the feedpoints
20 and 22, taken along the centerline of the tab as you move
away from the center of the tag where it connects to the
communications device, measured against the length, differs
between the two tabs 12 and 14. By choosing such points,
either by calculation or trial and error, a conjugate imped-
ance match can be achieved.

Specifically, with reference to the Figures, the longitudi-
nal centerline axis of a tab is seen to be a line that remains
equidistant from opposite borders or edges of the tab and
extending from one end of the tab to the other. At times with
regular shaped tabs, this longitudinal centerline axis will be
a straight line similar to a longitudinal axis of the tab. At
other times, with irregular shaped tabs, the longitudinal
centerline axis will curve to remain equidistant from the
borders. It is also seen that this longitudinal centerline axis
is unique to each tab. The width of the tab is determined
along an axis transverse to the longitudinal centerline axis
and will be seen to be dependent upon the shape of the tab.
For example, with a rectangular shaped tab, the width will
not vary along the longitudinal centerline axis, but with a
triangular or wedge shaped tab, the width will vary continu-
ously along the longitudinal centerline axis of the tab. Thus,
while it is contemplated that the present invention includes
tabs having rectangular shaped portions, there will also be
portions having different widths.

Another method of selecting the feedpoints on the con-
ductive tabs, is to select a feedpoint differing in location on
each of the tabs where the conducting area per unit length of
the longitudinal centerline axis of each tab varies with
distance along the longitudinal centerline axis of each of
said tabs from its feedpoint. In essence, this method selects
as a feedpoint a location on each tab where the integrated
area of the shape per unit length of the centerline varies and
is not necessarily the width of the tab.

FIG. 4 illustrates how a radio frequency reflecting struc-
ture or ground plane 50 is coupled to tabs 52 and 54, for
reflecting radio frequency energy radiated from the tabs 52
and 54. The ground plane elements may be substantially the
same size as the conductive tabs or greater, so that the
ground plane elements may effectively reflect radio fre-
quency energy. If the ground plane elements are substan-
tially smaller than the conductive tabs, the radio frequency
energy will extend beyond the edges of the ground plane
elements and interact with the contents of the packaging
causing deterioration in the operating efficiency of the label.
In one embodiment, the ground plane 50 may extend at least
about 6 mm beyond the boundary of the tabs 52 and 54.

In the illustrated embodiment the wireless communication
device 56 is connected at feedpoints 58 and 60 to the tabs 52
and 54. This structure 50 may be a simple ground plane
made from a single, unitary plate or a complex reflecting
structure that includes several isolated plates that act
together to reflect radio frequency energy. If the antenna
structure is located on one side of a package wall 62, the
radio frequency reflecting structure 50 may be on the
opposite side of the same wall 62 using the wall itself as a
dielectric material as described further below.

As indicated above, a dielectric material is preferably
located intermediate the conductive tabs 52 and 54, and the
radio frequency reflecting structure 50. An example of such
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a dielectric material is the packaging wall 62 described
above. The thickness or the dielectric characteristic of the
dielectric intermediate the tabs and radio frequency reflect-
ing structure may be varied along a longitudinal or trans-
verse axis of the tabs. Generally, it has been found that at
UHF frequencies, defined as a band in the range of 860 MHz
to 950 MHz, a dielectric thickness of about 3 millimeters to
6 millimeters is suitable for a tag embodying the present
invention. Likewise, a dielectric thickness of about 0.5
millimeter to about 3 millimeters is suitable for a tag
designed to operate in a band centered on 2450 MHz. This
range of thickness has been found to be suitable for efficient
operation of the conductive tabs despite the normally
believed requirement for a separation distance of a quarter of
a wavelength of the operating frequency between the radi-
ating element and ground plane.

With the present invention advantages have been found in
both manufacturing and application of the labels in that a
thinner, lower dielectric material may be used in label
construction, as well as the fact that shorter tabs may be
utilized resulting in a manufacturing savings in using less
ink and label materials in constructing each label and in
increasing the label density on the web medium during
manufacturing making less wasted web medium. Also such
thinner and smaller labels are easier to affix to packaging and
less likely to be damaged than those thicker labels that
protrude outwardly from the packaging surface to which
they are attached.

Another embodiment of the present invention is directed
toward the antenna structure itself as described above with-
out the wireless communication device.

Turning now to FIG. 5, an RFID device 70 is illustrated
mounted on parts 72 and 74 of a carton 76. The device 70
is located on an overlapping portion 80 of the carton 76,
where the parts 72 and 74 overlap one another. The parts 72
and 74 may be adhesively joined in the overlapping portion.
Alternatively, the parts 72 and 74 of the carton 76 may be
joined by other means, such as suitable staples or other
fasteners. On one side or major face 78 of the overlapping
portion 80 are conductive tabs 82 and 84, and a wireless
communication device 86, such as an RFID chip or strap. A
radio frequency reflecting structure or ground plane 90 is on
an opposite side or major face 92 of the overlapping portion

The overlapping portion 80 of the carton 76 thus functions
as a dielectric between the conductive tabs 82 and 84, and
the wireless communication device 86. Performance of the
RFID device 70 may be enhanced by the additional thick-
ness of the overlapping portion 80, relative to single-thick-
ness (non-overlapped) parts of the carton parts 72 and 74.
More particularly, utilizing a double-thickness overlapped
carton portion as the dielectric for an RFID device may
allow for use of such devices on cardboard cartons having
thinner material. For example, some cartons utilize a very
thin cardboard, such as 2 mm thick cardboard. A single
thickness of 2 mm thick cardboard may be unsuitable or less
suitable for use with surface-insensitive RFID device such
as described herein.

The RFID device 70 shown in FIG. 5 may be produced by
printing conductive ink on the opposite sides (major faces)
78 and 92 of the overlapping portion 80, to form the
conductive tabs 82 and 84, and the reflecting structure 90. It
will be appreciated that a variety of suitable printing meth-
ods may be used to form the tabs 82 and 84, and the
reflecting structure 90, including ink jet printing, offset
printing, and Gravure printing.
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The wireless communication device 86 may be suitably
joined to the conductive tabs 82 and 84 following printing of
the conductive tabs 82 and 84. The joining may be accom-
plished by a suitable roll process, for example, by placing
the communication device 86 from a web of devices onto the
tabs 82 and 84.

It will appreciated that the printing may be performed
before the carton parts 72 and 74 are overlapped to form the
overlapping portion 80, or alternatively that the printing may
in whole or in part be performed after formation of the
overlapping portion 80. The conductive ink may be any of
a variety of suitable inks, including inks containing metal
particles, such as silver particles.

It will be appreciated that formation of the conductive
tabs 82 and 84, and/or the reflective structure 90 may occur
during formation of the carton parts 72 and 74, with the
conductive tabs 82 and 84 and/or the reflective structure 90
being for example within the carton parts 72 and 74.
Forming parts of the RFID device 70 at least partially within
the carton parts 72 and 74 aids in physically protecting
components of the RFID device 70 from damage. In addi-
tion, burying some components of the RFID device 70 aids
in preventing removal or disabling of the RFID device 70,
since the RFID device 70 may thereby be more difficult to
locate.

In one embodiment, the conductive tabs 82 and 84 may be
printed onto the interior of the carton parts 72. As illustrated
in FIG. 6, a marker 96 may be printed or otherwise placed
on one of the carton parts 72 and 74 to indicate where the
reflective structure 90 is subsequently to be placed.

The conductive tabs 82 and 84 may have any of the
suitable shapes or forms described herein. Alternatively, the
conductive tabs 82 and 84 may have other forms, such as
shapes that are asymmetric with one another. The conductive
tabs 82 and 84 may have configurations that are tunable or
otherwise compensate for different substrate materials and/
or thicknesses, and/or for other differences in the environ-
ment encountered by the RFID device 70, such as differ-
ences in the types of contents in a carton or other container
on which the RFID device 70 is mounted.

The RFID devices 70 illustrated in FIGS. 5 and 6 enable
mounting of devices on a wider range of packaging mate-
rials, with the reflective structure 90 providing a “shield” to
reduce or prevent changes in operation of the RFID device
70 due to differences in the types of merchandise or other
material stored in a carton or other container upon which the
RFID device 70 is mounted. As illustrated in FIG. 7, the
RFID device 70 may be located on a carton or other
container 98, oriented so that the reflective structure 90 is
interposed between the conductive tabs 82 and 84, and the
interior of the container 98.

FIG. 8 shows the operative components of another
embodiment RFID device, an RFID device 100 having an
essentially monopole antenna structure 102. The RFID
device 100 includes a wireless communication device 106
(e.g., a strap) that is coupled to a pair of conductive tabs 108
and 110 that are mounted on a substrate 112, with a reflective
structure or ground plane 114 on an opposite side of the
substrate 112 from the conductive tabs 108 and 110.

At least part of one of the conductive tab 108 is capaci-
tively coupled to the reflective structure 114, by being
mounted on a thinner portion 116 of the substrate 112, which
has a thickness less than that of the portion of the substrate
112 underlying the conductive tab 110. It will be appreciated
that, with proper attention to matching, electrically coupling
the tab 108 to the conductive reflective structure 114, allows
operation of the RFID device 100 as a monopole antenna
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device. The relative thinness of the thinner portion 116
facilitates capacitive electrical coupling between the con-
ductive tab 108 and the conductive reflective structure 114.

The conductive tab 110 functions as a monopole antenna
element. The conductive tab 110 may have a varying width,
such as that described above with regard to other embodi-
ments.

The matching referred to above may include making the
relative impedances of the antenna structure 102 and the
wireless communication device 106 complex conjugates of
one another. In general, the impedance of the antenna
structure 102 will be a series combination of various imped-
ances of the RFID device 100, including the impedance of
the conductive tab 108 and its capacitive coupling with the
reflective structure 114.

The thinner portion 116 may be made thinner by inelas-
tically compressing the material of the substrate 112. For
example the substrate 112 may be made of a suitable foam
material, such as a suitable thermoplastic foam material,
which may be a foam material including polypropylene
and/or polystyrene. A portion of the substrate 112 may be
compressed by applying sufficient pressure to rupture cells,
causing the gas in the cells to be pressed out of the foam,
thereby permanently compressing the foam.

The compressing described above may be performed after
the formation of the tabs 108 and 110 on the substrate 112.
The pressure on the tab 108 and the portion of the substrate
112 may be directed downward and sideways, toward the
center of the RIFD device 100, for example where the
wireless communication device 106 is mounted. By pressing
down and in on the conductive tab 108 and the substrate 112,
less stretching of the material of the conductive tab 108
occurs. This puts less stress on the material of the conductive
tab 108, and may aid in maintaining integrity of the material
of the conductive tab 108.

As an alternative, it will be appreciated that the conduc-
tive tabs 108 and 110 may be formed after compression or
other thinning processes to produce the thinned portion 116
of the substrate 112. The conductive tabs 108 and 110 may
be formed by suitable processes for depositing conductive
material, such as by printing conductive ink.

With reference again to FIG. 8, the substrate 112 may
have a sloped region 120 between its thicker portion 122 and
the thinner portion 116. The sloped region 120 may aid in
reducing stresses on the conductive tab 108 when the
conductive tab 108 is placed prior to compressing of the
thinner portion 116, by increasing the area of the conductive
tab 108 that is under stress. When the thinner portion 116 is
compressed prior to printing or other depositing of the
conductive tab 108, the sloped region 120 may aid in
ensuring conduction between a first part 132 of the conduc-
tive tab 108 that is on the thicker portion 122 of the substrate
112, and a second part 136 of the conductive tab 108 that is
on the thinner portion 116 of the substrate 112.

It will be appreciated that a variety of suitable methods
may be utilized to produce the thinner portion 116 of the
substrate 112. In addition to the compressing already men-
tioned above, it may be possible to heat a portion of the
substrate, either in combination with compression or alone,
to produce the thinner portion 116. For example, a thermo-
plastic foam material may be heated and compressed by
running it through a pair of rollers, at least one of which is
heated. The thermoplastic film may be compressed over an
area, and turned into a solid thermoplastic sheet, thus both
reducing its thickness and increasing its dielectric constant.
Alternatively, material may be removed from a portion of
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the substrate 112, by any of a variety of suitable methods, to
produce the thinner portion 116.

As suggested above, the proximity of the second conduc-
tive tab part 136 to the conducting reflective structure 114,
with only the thinner portion 116 of the substrate 112
between, aids in capacitively coupling the second part 136
and the reflective structure 114. In a specific example, a 3.2
mm thick foam dielectric was compressed over a 20 mmx10
mm area, to a thickness of 0.4 mm. This raised the dielectric
constant of the plastic foam material from 1.2 to 2.2.
Therefore, due to the reduced thickness of the foam and the
increased dielectric constant of the substrate material in the
thinner portion 116, the total capacitance was increased from
0.66 pF to 9.7 pF, which has a reactance of 17.8 ohms at 915
MHz.

With reference now to FIG. 9, the RFID device 100 may
include a compressed border or ridge edge 140 substantially
fully surrounding the device 100. Part of the compressed
ridge edge 140 serves as the thinner portion 116 for capaci-
tively coupling the second part 136 of the conductive tab 108
to the reflective structure 114. The remainder of the com-
pressed ridge edge 140 may serve a mechanical structural
function, providing a rigid edge to the RFID device 100 to
prevent flexing of the RFID device 100.

Another embodiment of the RFID device 100 is illustrated
in FIG. 10. The RFID device in FIG. 10 includes a resonator
(a conductive tab) 150 with a capacitive ground 152 at one
end. The wireless communication device 106 is coupled to
the resonator 150 at a suitable impedance point. The wireless
communication device 106 is also coupled to a capacitive
ground 154. The connection point between the wireless
communication device 106 and the resonator 150 may be
selected to suitably match impedances of the wireless com-
munication device 106 and the active part of the resonator
150.

The RFID devices 100 illustrated in FIGS. 8-10 may be
suitable for use as labels, such as for placement on cartons
containing any of a variety of suitable materials. The RFID
devices 100 may include other suitable layers, for example
an adhesive layer for mounting the RFID device 100 on a
carton, another type of container, or another object.

The RFID device 100 may be produced using suitable roll
operations. FIG. 11 shows a schematic diagram of a system
160 for making RFID devices, such as the RFID device 100.
Beginning with a roll 162 of a substrate material 164, a
suitable printer 166 prints the conductive tabs 108 and 110
(FIG. 8) and the reflective structure 114 (FIG. 8) on opposite
sides of the substrate material 164. It will be appreciated that
the printer 166 may actually include multiple printers, for
example to print the conductive tabs in a separate operation
from the printing of the reflective structure.

A placement station 168 may be used to place the wireless
communication devices 106 (FIG. 8), such as straps. The
wireless communication devices 106 may be transferred to
the substrate material 164 from a separate web of material
170. Alternatively, it will be appreciated that other methods
may be used to couple the wireless communication devices
106 to the substrate material 164. For example, a suitable
pick-and-place operation may be used to place the wireless
communication devices 106.

Finally, the substrate material 164 is passed between a
pair of rollers 174 and 176. The rollers 174 and 176 may be
suitably heated, and have suitably-shaped surfaces, for
example including suitable protrusions and/or recesses, so as
to compress a portion of the substrate material 164, and to
separate the RFID devices 100 one from another. In addi-
tion, a protective surface sheet 178 may be laminated onto
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the sheet material 164, to provide a protective top surface for
the RIFD devices 100. It will be appreciated that the
compressing, laminating, and cutting operations may be
performed in separate steps, if desired.

It will be appreciated that other suitable processes may be
used in fabricating the RFID devices 100. For example,
suitable coating techniques, such as roll coating or spray
coating, may be utilized for coating one side of the devices
with an adhesive, to facilitate adhering the RFID devices to
cartons or other containers.

The RFID device 100, with its monopole antenna struc-
ture 102, has the advantage of a smaller size, when com-
pared with similar devices having dipole antenna structures.
The length of the tag can be nearly halved with use of a
monopole antenna, such as in the device 100, in comparison
to a dipole antennaed device having similar size of antenna
elements (conductive tabs). By having RFID devices of a
smaller size, it will be appreciated that such devices may be
utilized in a wider variety of applications.

FIG. 12 shows an RFID device 180 having an expandable
substrate 182, which can be maintained during manufactur-
ing and processing operations with a reduced thickness. The
reduced thickness, which may be from about 0.05 mm to 0.5
mm, may advantageously allow the RFID device 180 to pass
through standard printers, for example to print a bar code or
other information on a label 184 that is part of the RFID
device 180. After performing operations that take advantage
of the reduced thicknesses of the substrate 182, the substrate
182 may be expanded, increasing its thickness to that shown
in FIG. 12.

The RFID device 180 has many of the components of
other of the RFID devices described herein, including a
wireless communication device 186 and a pair of conductive
tabs 188 and 190 on one side of the substrate 182, and a
reflective structure (conductive ground plane) 192 on the
other side of the substrate 182.

Referring now in addition to FIGS. 13-15, details of the
structure of the expandable substrate 182 are now given. The
expandable substrate 182 includes a top layer 202, a middle
layer 204, and a bottom layer 206. The middle layer 204 is
scored so as to be separated into segments 208, 210, and 212,
as a shear force is applied to the top layer 202 relative to the
bottom layer 206. The segments 208, 210, and 212 are in
turn scored on fold lines, such as the fold lines 218 and 220
of the segment 208. The scoring along the fold lines 218
allows parts 222, 224, and 226 of the segment 208 to fold
relative to one another as shear force is applied between the
top layer 202 and the bottom layer 206.

Each of the segments 208, 210, and 212 has three parts.
The top layer 202 has adhesive pads 232 selectively applied
to adhere the bottom layer 202 to the parts on one side of the
segments 208, 210, and 212 (the rightmost parts as shown in
FIGS. 12-15). The bottom layer 206 has adhesive pads 236
selectively applied to adhere the bottom layer 206 to the
parts on one side of the segments 208, 210, and 212 (the
leftmost parts as shown in FIGS. 12-15). The middle parts
of'each of the segments 208, 210, and 212 are not adhesively
attached to either the top layer 202 or the bottom layer 206,
but are left free to flex relative to the segment parts on either
side.

With the expandable substrate 182 put together as shown
in FIG. 14, the top layer 202 and the bottom layer 206 being
selectively adhered to segment parts of the middle layer 204,
other operations may be performed on the substrate 182 in
its compressed state. For example, the conductive tabs 188
and 190 may be formed on the top layer 202, and the
reflective structure 192 may be formed or placed on the
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bottom layer 206. The wireless communication device 186
may be placed in contact with the conductive tabs 188 and
190. Printing operations may be performed to print on the
label 184 of the RFID device 180. As noted above, the
thickness of the compressed substrate 182 may allow the
RFID device to pass through a standard printer for printing
the label or for performing other operations. In addition, the
compressed substrate 182 may be easier to use for perform-
ing other fabrication operations.

After fabrication operations that utilize the compressed
substrate 182, the substrate 182 may be expanded, as illus-
trated in FIG. 15. When a shear force 240 is applied to the
top layer 202 relative to the bottom layer 206, the top layer
202 shifts position relative to the bottom layer 206. The end
parts of the segments 208, 210, and 212, some of which are
adhesively adhered to the top layer 202 and others of which
are adhered to the bottom layer 206, also move relative to
one another. As the end parts of the segments 208, 210, and
212 shift relative to one another, the middle parts of the
segments 208, 210, and 212 fold relative to the end parts
along the fold lines between the segment parts. The middle
parts of the segments 208, 210, and 212 thus deploy and
separate the top layer 202 and the bottom layer 206, expand-
ing the substrate 182 and increasing the thickness of the
expandable substrate 182. The result is a corrugated struc-
ture. The expanded substrate 182 has low dielectric loss in
comparison with solid materials. With the increased sepa-
ration between the conductive tabs 188 and 190 due to
expansion of the substrate 182, the expanded substrate 182
is suitable for use as a dielectric for a surface-independent
RFID tag structure.

The shear force 240 between the top layer 202 and the
bottom layer 206 may be applied in any of a variety of
suitable ways. For example, the shear force 240 may be
applied by suitably configured rollers, with the rollers hav-
ing different rates of rotation or differences in gripping
surfaces. Alternatively, one of the layers 202 and 206 may
include a suitable heat shrink layer that causes relative shear
between the layers 202 and 206 when the substrate 182 is
heated.

The expandable substrate 182 may be fixed in expanded
configuration by any of a variety of suitable ways, such as
by pinning the ends of the layers 202 and 206; sticking
together suitable parts of the substrate 182; filling gaps in the
substrate 182 with a suitable material, such as polyurethane
foam; and suitably cutting and bending inward portions of
the ends of the middle parts of the segments.

The layers 202, 204, and 206 may be layers made out of
any of a variety of suitable materials. The layers may be
made of a suitable plastic material. Alternatively, some or all
of the layers may be made of a paper-based material, such
as a suitable cardboard. Some of the layers 202, 204, and 206
may be made of one material, and other of the layers 202,
204, and 206 may be made of another material.

The RFID devices 180 may be suitable for use as a label,
such as for placement on cartons containing any of a variety
of suitable materials. The RFID device 180 may include
other suitable layers, for example an adhesive layer for
mounting the RFID device 180 on a carton, another type of
container, or another object.

It will be appreciated that the RFID device 180 may be
used in suitable roll processes, such as the processes
described above with regard to the system of FIG. 11. As
stated above, the expandable substrate may be in a com-
pressed state during some of the forming operations, for
example being expanded only after printing operations have
been completed.

20

25

30

35

40

45

50

55

60

65

16

FIG. 16 illustrates an RFID device 260 that has a pair of
generally rectangular conductive tabs 262 and 264 that have
a substantially constant width along their length. More
particularly, the conductive tabs 262 and 264 each may have
a substantially constant width in a direction transverse to a
longitudinal centerline axis of the tab. The conductive tabs
262 and 264 form an antenna structure 270 that is coupled
to a wireless communication device 268 such as an RFID
chip or strap. The generally rectangular conductive tabs 262
have been found to be effective when used in conjunction
with conductive structures such as the reflecting structures
or ground planes described above.

It will be appreciated that the RFID device 260 is one of
a wider class of devices having conductive tabs with sub-
stantially constant width, that may be effectively used with
a reflective conductive structure. Such conductive tabs may
have shapes other than the generally rectangular shapes
illustrated in FIG. 16.

Certain modifications and improvements will occur to
those skilled in the art upon a reading of the foregoing
description. It should be understood that the present inven-
tion is not limited to any particular type of wireless com-
munication device, tabs, packaging, or slot arrangement. For
the purposes of this application, couple, coupled, or cou-
pling is defined as either directly connecting or reactive
coupling. Reactive coupling is defined as either capacitive or
inductive coupling. One of ordinary skill in the art will
recognize that there are different manners in which these
elements can accomplish the present invention. The present
invention is intended to cover what is claimed and any
equivalents. The specific embodiments used herein are to aid
in the understanding of the present invention, and should not
be used to limit the scope of the invention in a manner
narrower than the claims and their equivalents.

Although the invention has been shown and described
with respect to a certain embodiment or embodiments, it is
obvious that equivalent alterations and modifications will
occur to others skilled in the art upon the reading and
understanding of this specification and the annexed draw-
ings. In particular regard to the various functions performed
by the above described elements (components, assemblies,
devices, compositions, etc.), the terms (including a reference
to a “means”) used to describe such elements are intended to
correspond, unless otherwise indicated, to any element
which performs the specified function of the described
element (i.e., that is functionally equivalent), even though
not structurally equivalent to the disclosed structure which
performs the function in the herein illustrated exemplary
embodiment or embodiments of the invention. In addition,
while a particular feature of the invention may have been
described above with respect to only one or more of several
illustrated embodiments, such feature may be combined
with one or more other features of the other embodiments,
as may be desired and advantageous for any given or
particular application.

What is claimed is:
1. A radio frequency identification (RFID) device com-
prising:

a pair of conductive tabs on a first surface of the dielectric
layer;

a conductive structure; and

a dielectric layer between the conductive tabs and the
conductive structure;
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wherein the dielectric layer has a thinner portion and a

thicker portion; and

wherein one of the conductive tabs is at least partially on

the thinner portion of the dielectric layer.

2. The device of claim 1, wherein the other of the
conductive tabs is substantially completely on the thicker
portion of the dielectric layer.

3. The device of claim 1,

wherein the one of the conductive tabs is capacitively

coupled to the conductive structure across the thinner
portion; and

wherein the thicker portion inhibits capacitive coupling

between the conductive structure and the conductive
tabs or portions thereof on an opposite side of the
thicker portion.

4. The device of claim 1, wherein both of the conductive
tabs are at least partially on the thinner portion of the
dielectric layer.
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5. The device of claim 1,

wherein the thinned portion is a compressed material; and

wherein the thinned portion extends substantially fully

around the dielectric layer.

6. The device of claim 1, wherein the dielectric material
includes a sloped area between the thinner portion and the
thicker portion.

7. A method of making the RFID device of claim 1, the
method comprising:

forming the pair of conductive tabs on one face of a

dielectric layer; and

forming the thinner portion of the dielectric layer.

8. The method of claim 7, wherein the forming the thinner
portion includes applying both a compressing force gener-
ally perpendicular to the face of the dielectric layer, and a
sideways force generally parallel to the face of the dielectric
layer.
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MOBILE WIRELESS COMMUNICATIONS
DEVICE WITH HUMAN INTERFACE
DIVERSITY ANTENNA AND RELATED
METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of Ser. No. 11/067,935
filed Feb. 28, 2005 now U.S. Pat. No. 7,187,332, the entire
disclosure of which is hereby incorporated herein by refer-
ence.

FIELD OF THE INVENTION

The present invention relates to the field of communica-
tions systems, and, more particularly, to wireless commu-
nications systems and related methods.

BACKGROUND OF THE INVENTION

One of the challenges of wireless communications is
designing suitable antennas that can provide desired perfor-
mance characteristics, yet are relatively small in size to fit
within mobile devices. For example, with wireless devices
such as mobile telephones, it is desirable to keep the overall
size of the telephone as small as possible. Furthermore,
internal antennas are generally preferred over external
antennas, as externally mounted antennas take up more
space and may be damaged while traveling, etc.

The use of an internal antenna in a handheld device,
particularly those that can be held in various positions, such
as by either, both or no hands, leads to the antenna envi-
ronment being modified in different ways depending on how
the user holds/positions the device. Accordingly, antenna
designs have to be optimized for only a single position, e.g.
one handheld scenario, or the antenna has to be designed to
compromise between mulitple scenarios.

One example of an antenna that is implemented on a
PCMCIA card to be inserted in a PCMCIA slot of a laptop
computer is disclosed in U.S. Pat. No. 6,031,503 to Preiss,
1T et al. The antenna assembly includes two folded, U-shaped
antennas, which may be dipoles or slot radiators, that are
disposed orthogonally to one another to provide polarization
diversity. Polarization diversity means that signals are trans-
mitted and received on two different polarizations to
increase the likelihood that the signal is received. Signals are
carried to and from the antenna by microstrip feed lines. The
microstrip lines are placed off center along each antenna slot
to establish an acceptable impedance match for the antenna,
and the feed lines are coupled to the communications card by
coaxial cables.

Accordingly, with even more restrictive space constraints
for such handheld devices, there is a need for antennas
which are appropriately sized for such applications yet still
provide desired performance characteristics.

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 with an antenna and transceiver
providing human interface diversity as well as other desired
signal characteristics and related methods.

This and other objects, features, and advantages in accor-
dance with the present invention are provided by a mobile
wireless communication device including a portable hand-
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held housing which may have an upper portion and a lower
portion, and a wireless transceiver carried by the portable
handheld housing. A plurality of antennas, preferably a pair
of antennas, are positioned in side-by-side relation prefer-
ably in the upper portion of the portable handheld housing.
Each antenna may comprise a conductive loop branch on a
circuit board to define an open loop antenna configuration,
and at least one conductive feed branch on the circuit board
and connected to the conductive loop branch to define at
least one feed point. A human interface diversity controller
is connected to the wireless transceiver to preferentially
operate with the plurality of antennas based upon a relative
position of the portable handheld housing with respect to a
hand of a human user.

The human interface diversity controller preferentially
weights transmit signals, and/or switches at least one
antenna on and at least one antenna off, for example, based
upon received signal strength. The plurality of antennas may
be operable on a same frequency, have different polariza-
tions, have different conductive patterns and/or have differ-
ent frequencies for transmit and receive.

The portable handheld housing preferably has opposing
parallel front and back surfaces and the plurality of antennas
are arranged in side-by-side relation extending in a plane
parallel to the front and back surfaces. A display, user input
device and an input/output transducer are carried by the
portable handheld housing and connected to the transceiver.
Furthermore, the transceiver and the plurality of antennas
are operable in a LAN wireless network and/or a cellular
wireless network.

A method aspect of the invention is directed to operating
a mobile wireless communications device to account for
different human interface, the mobile wireless communica-
tions device having a portable handheld housing and a
wireless transceiver therein, and a pair of antennas side-by-
side in an upper portion of the portable handheld housing
and connected to the wireless transceiver. Each antenna may
comprise a conductive loop branch on a circuit board to
define an open loop antenna configuration. Each antenna
may also comprises at least one conductive feed branch on
the circuit board and connected to the conductive loop
branch to define at least one feed point. The method includes
controlling the wireless transceiver to preferentially operate
with the pair of antennas based upon a relative position of
the portable handheld housing with respect to a hand of a
human user.

Controlling the wireless transceiver may include prefer-
entially weighting transmit signals, and/or preferentially
switching one antenna on and one antenna off for transmit
signals. Again, the pair of antennas may be operated on a
same frequency, and each antenna of the pair of antennas
may have a different conductive pattern. Preferably, the
portable handheld housing has opposing parallel front and
back surfaces and the pair of antennas are arranged in
side-by-side relation extending in a plane parallel to the
front and back surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is schematic diagram of a mobile wireless com-
munications device in accordance with the present inven-
tion.

FIGS. 2A and 2B are schematic diagrams of the mobile
wireless communications device of FIG. 1 illustrating the
device being held by a user in respectively different posi-
tions.
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FIG. 3 is an enlarged rear elevational view of a portion of
the mobile wireless communications device of FIG. 1 with
the housing removed illustrating the pair of antennas thereof
in greater detail.

FIG. 4 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
throughout.

Referring initially to FIG. 1, a mobile wireless commu-
nications device 21 in accordance with the present invention
is first described. The mobile wireless communications
device 21 illustratively includes a portable, handheld hous-
ing 24, and a wireless transceiver 25 carried by the portable,
handheld housing. The device 21 also illustratively includes
an antenna assembly 26 for cooperating with the wireless
transceiver 25 to communicate over the wireless network, as
will be discussed further below. More particularly, the
device 21 may be a PDA-type device in which the wireless
transceiver and antenna assembly 26 cooperate to commu-
nicate various types of data, such as voice data, video data,
text (e.g., email) data, Internet data, etc. over the wireless
network. More specifically, the antenna assembly 26 may be
used for placing telephone calls, in which case the device 21
may generally take the form or shape of a typical cellular
telephone or a cellular-enabled PDA device, for example.

The antenna assembly 26 includes a plurality of antennas,
preferably a pair of an antennas 30, 33 as illustrated. The pair
of antennas 30, 33 are positioned in side-by-side relation
preferably in the upper portion of the portable handheld
housing 24. A human interface diversity controller 27 is
connected to the wireless transceiver 25 to preferentially
operate with the pair of antennas 30, 33 based upon a relative
position of the portable handheld housing 24 with respect to
a hand of a human user.

As discussed above, the use of an internal antenna in a
handheld device, particularly those that can be held in
various positions, such as by either, both or no hands, leads
to the antenna environment being modified in different ways
depending on how the user holds/positions the device.
Accordingly, conventional antenna designs are optimized
for only a single position, e.g. one handheld scenario, or the
antenna is designed to compromise between mulitple sce-
narios.

Turning additionally to FIGS. 2A and 2B, an embodiment
of'the pair of antennas 30, 33 and associated human interface
diversity controller 27 will be described. Firstly, by using
mulitple antennas in a human diversity arrangement, the
mobile wireless communications device 21 can select the
best antenna, or weighted combination, based upon how the
user is holding the device. The antennas 30, 33 are designed
to provide an overall high antenna system efficiency for the
common user holding positions. The figures respectively
illustrate a user holding the device 21 in a right hand and a
left hand. As can be seen, the user’s hand may be directly
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adjacent one of antennas 30, 33 thereby affecting the per-
formance of the antennas. Accordingly, the associated
human interface diversity controller 27 will preferentially
operate the pair of antennas 30, 33 to provide the better or
stronger signal tranmsission/reception.

The human interface diversity controller 27 preferentially
weights transmit signals, and/or switches at least one
antenna on and at least one antenna off, for example, based
upon received signal strength. The plurality of antennas 30,
33 may be operable on a same frequency, have different
polarizations, have different conductive patterns and/or have
different frequencies for transmit and receive.

The portable handheld housing 24 preferably has oppos-
ing parallel front and back surfaces and the plurality of
antennas 30, 33 are arranged in side-by-side relation extend-
ing in a plane parallel to the front and back surfaces. A
display, user input device and an input/output transducer are
carried by the portable handheld housing 24 and connected
to the transceiver 25 as discussed below. Furthermore, the
transceiver 25 and the plurality of antennas are operable in
a cellular wireless network 60 and/or a LAN wireless
network. The wireless LAN may operate in accordance with
various wireless LAN standards, such as IEEE 802.11/
802.11b or Bluetooth, for example, as will also be appreci-
ated by those skilled in the art.

Turning additionally to FIG. 3, further details of an
embodiment of the antenna assembly 26 will be described
and illustratively include the first antenna 30 coupled to the
transceiver 25 at a feed point 31 and having a first shape. The
antenna assembly 26 also illustratively includes the second
antenna 33 coupled to the wireless transceiver 25 at a feed
point 34. The second antenna 33 has a second shape different
from the first shape of the first antenna 30.

The polarizations of the first and second antennas 30, 33
may be orthogonal to one another to provide maximum
polarization diversity, as will be appreciated by those skilled
in the art. Of course, other arrangements may be possible in
other embodiments.

The first and second antennas 30, 33 may advantageously
be implemented as planar, printed conductive elements on a
circuit board 36. The circuit board may be mounted on the
back side of the device 21 (i.e., the side pointing away from
the user when holding the device to place a telephone call)
at the top of the device (i.e., adjacent the end of the device
with the ear speaker). The first and second antennas 30, 33
are shown with hatching to provide greater clarity of illus-
tration.

The first antenna 30 illustratively includes a feed branch
37 including the first feed point 31, a second feed point 38
which is connected to ground, and a feed section 39 con-
nected between the first and second feed points. The first
antenna 30 further illustratively includes a loop branch 45
having a first end 46 coupled to the feed section 39 adjacent
the first feed point 31. A second end 47 of the loop branch
45 is spaced apart from the feed section 39 by a gap 48, and
the second end is adjacent the second feed point 38. A
loop-back section 49 extends between the first and second
ends 46, 47. More specifically, the loop-back section 49
generally loops in a clockwise direction from the first end 46
to the second end 47, as shown. The first antenna 30 thus
generally defines a dual feed point, open loop configuration.
This configuration advantageously provides increased space
savings (i.e., reduced antenna footprint), as will be appre-
ciated by those skilled in the art.

The second antenna 33 also illustratively includes a feed
branch defined by the feed point 34 and a feed section 50.
Further, a loop branch having a first end 51 coupled to the
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feed section 50, a second end 52 adjacent the feed branch
and separated therefrom by a gap 53, and a loop-back 54
section extending between the first and second ends. The
loop-back section 54 illustratively includes an arcuate por-
tion 55. The second antenna 33 thus defines a single feed
point, open loop element configuration. Again, this provides
space savings, and, thus, reduced antenna footprint.

As will be appreciated by those skilled in the art, various
design parameters (e.g., widths, lengths, loop shapes,
notches, etc.) may be altered in the first and second antennas
30, 33 to provide different signal characteristics. By way of
example, the overall dimensions of the first and second
antennas 30, 33 may be 2 to 3 cm high by 2 to 3 cm wide
for each element, although other dimensions may also be
used. The antennas 30, 33 preferably operate over a wireless
frequency range of about 2.4 to 2.5 GHz, for example,
although other frequencies are also possible. Moreover, the
coupling between the first and second antennas 30, 33 may
also be adjusted to provide desired performance character-
istics. By way of example, a preferred coupling distance or
gap between the first and second antennas 30, 33 may be in
a range of about 3 to 7 mm, although other gap distances
may also be used as appropriate for different embodiments.

Because the first and second antennas 30, 33 have differ-
ent shapes, they will also have different gain patterns, and
thus advantageously provide pattern diversity, as will be
appreciated by those skilled in the art. Moreover, the first
and second antennas 30, 33 are preferably tuned to have
substantially equal main lobe gain for enhanced perfor-
mance. Of course, it will be appreciated that other antenna
element shapes or types may be used in addition to those
noted above. Electromagnetic shielding may be placed over
one or both sides of the circuit board 36 as necessary in
certain applications, as will also be appreciated by those
skilled in the art.

A method aspect of the invention may include controlling
the wireless transceiver 25 to preferentially operate with the
pair of antennas 30, 33 based upon a relative position of the
portable handheld housing 24 with respect to a hand of a
human user. Again, controlling the wireless transceiver 25
may include preferentially weighting transmit signals, and/
or preferentially switching one antenna on and one antenna
off for transmit signals. Additional method aspects will be
appreciated by those skilled in the art from the foregoing
description.

Another example of a handheld mobile wireless commu-
nications device 1000 that may be used in accordance the
present invention is further described with reference to FIG.
4. The device 1000 includes a housing 1200, a keyboard
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 keyboard 1400 and the
display 1600. The processing device 1800 controls the
operation of the display 1600, as well as the overall opera-
tion of the mobile device 1000, in response to actuation of
keys on the keyboard 1400 by the user.

The housing 1200 may be clongated vertically, or may
take on other sizes and shapes (including clamshell housing
structures). The keyboard 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. 4.
These include a communications subsystem 1001; a short-
range communications subsystem 1020; the keyboard 1400
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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 communi-
cations device having voice and data communications capa-
bilities. In addition, 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
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 tempo-
rarily 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 addi-
tion, 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, calendar 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 inte-
grated, 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. The antenna system can be
designed so that when one antenna is covered by a hand,
performance of one or more other antennas, including
antenna gain and match, may not be degraded. In addition,
the communications subsystem 1001 also includes a pro-
cessing module, such as a digital signal processor (DSP)
1580, and local oscillators (I.Os) 1601. The specific design
and implementation 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 sub-
system 1001 designed to operate with the Mobitex™, Data
TAC™ or General Packet Radio Service (GPRS) mobile
data communications 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 inte-
grated, 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, how-
ever, network access is associated with a subscriber or user
of a device. A GPRS device therefore requires a subscriber
identity 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
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send and receive communications signals over the commu-
nication network 1401. Signals received from the commu-
nications 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. modulated and encoded) by the DSP 1580
and are then provided to the transmitter 1520 for digital to
analog conversion, frequency up conversion, filtering,
amplification and transmission to the communication net-
work 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
transmitter 1520. For example, gains applied to communi-
cations signals in the receiver 1500 and transmitter 1520
may be adaptively controlled through automatic gain control
algorithms 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 pro-
cessing 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 1/O
device 1060. A device user may also compose data items,
such as e-mail messages, using the keyboard 1400 and/or
some other auxiliary I/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 communi-
cations subsystem 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
implemented on the device 1000. In addition, the display
1600 may also be utilized in voice communications mode,
for example to display the identity of a calling party, the
duration of a voice call, or other voice call related informa-
tion.

The short-range communications subsystem enables com-
munication between the mobile device 1000 and other
proximate systems or devices, which need not necessarily be
similar devices. For example, the short-range communica-
tions subsystem may include an infrared device and asso-
ciated circuits and components, or a Bluetooth communica-
tions 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
descriptions and the associated drawings. Therefore, it is
understood that the invention is not to be limited to the
specific embodiments 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 communication device comprising:

a portable handheld housing;

a wireless transceiver carried by said portable handheld

housing;

a circuit board carried by said portable handheld housing;
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a plurality of antennas positioned in side-by-side relation

in said portable handheld housing;

each antenna comprising

a conductive loop branch on said circuit board to define
an open loop antenna configuration, and

at least one conductive feed branch on said circuit
board and connected to said conductive loop branch
to define at least one feed point; and

ahuman interface diversity controller connected to said
wireless transceiver to preferentially operate with the
plurality of antennas based upon a relative position
of said portable handheld housing with respect to a
hand of a human user.

2. The mobile wireless communications device of claim 1
wherein said human interface diversity controller preferen-
tially weights transmit signals.

3. The mobile wireless communications device of claim 1
wherein said human interface diversity controller preferen-
tially weights transmit signals based upon received signal
strength.

4. The mobile wireless communications device of claim 1
wherein said human interface diversity controller preferen-
tially switches at least one antenna on and at least one
antenna off for transmit signals.

5. The mobile wireless communications device of claim 1
wherein said human interface diversity controller preferen-
tially switches at least one antenna on and at least one
antenna off for transmit signals based upon received signal
strength.

6. The mobile wireless communications device of claim 1
wherein the plurality of antennas are operable on a same
frequency.

7. The mobile wireless communications device of claim 1
wherein the plurality of antennas have different polariza-
tions.

8. The mobile wireless communications device of claim 1
wherein the plurality of antennas have different conductive
patterns.

9. The mobile wireless communications device of claim 1
wherein the plurality of antennas have different frequencies
for transmit and receive.

10. The mobile wireless communications device of claim
1 wherein the plurality of antennas comprises a pair of first
and second antennas.

11. The mobile wireless communications device of claim
1 wherein the portable handheld housing has opposing
parallel front and back surfaces and wherein said plurality
antennas are arranged in side-by-side relation in an upper
portion of the portable handheld housing and extending in a
plane parallel to the front and back surfaces.

12. The mobile wireless communications device of claim
1 further comprising a display carried by said portable
handheld housing and connected to said transceiver.

13. The mobile wireless communications device of claim
1 further comprising at least one user input device carried by
said portable handheid housing and connected to said trans-
ceiver.

14. The mobile wireless communications device of claim
1 further comprising at least one input/output transducer
carried by said portable handheld housing and connected to
said transceiver.

15. The mobile wireless communications device of claim
1 wherein said transceiver and said plurality of antennas are
operable in at least one of a LAN wireless network and a
cellular wireless network.
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16. A mobile wireless communication device comprising:

a portable handheld housing having opposing parallel

front and back surfaces;

a wireless transceiver carried by said portable handheld

housing;

a circuit board carried by said portable handheld housing;

a plurality of antennas arranged in side-by-side relation in

an upper portion of the portable handheld housing and
extending in a plane parallel to the front and back
surfaces thereof;

each antenna comprising

a conductive loop branch on said circuit board to define
an open loop antenna configuration, and

at least one conductive feed branch on said circuit
board and connected to said conductive loop branch
to define at least one feed point; and

a human interface diversity controller connected to said
wireless transceiver to preferentially weight transmit
signals to the plurality of antennas based upon
received signal strength.

17. The mobile wireless communications device of claim
16 wherein the plurality of antennas are operable on a same
frequency.

18. The mobile wireless communications device of claim
16 wherein the plurality of antennas have different polar-
izations.

19. The mobile wireless communications device of claim
16 wherein said transceiver and said plurality of antennas
are operable in at least one of a LAN wireless network and
a cellular wireless network.

20. A method of operating a mobile wireless communi-
cations device to account for different human interface, the
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mobile wireless communications device including a portable
handheld housing and a wireless transceiver therein, and a
pair of antennas side-by-side in an upper portion of the
portable handheld housing and connected to the wireless
transceiver, each antenna comprising a conductive loop
branch on a circuit board to define an open loop antenna
configuration, and at least one conductive feed branch on the
circuit board and connected to the conductive loop branch to
define at least one feed point, the method comprising:

controlling the wireless transceiver to preferentially oper-
ate with the pair of antennas based upon a relative
position of the portable handheld housing with respect
to a hand of a human user.

21. The method of claim 20 wherein controlling the
wireless transceiver comprises preferentially weighting
transmit signals.

22. The method of claim 20 wherein controlling the
wireless transceiver comprises preferentially switching one
antenna on and one antenna off for transmit signals.

23. The method of claim 20 wherein the pair of antennas
are operated on a same frequency.

24. The method of claim 20 wherein each antenna of the
pair of antennas has a different conductive pattern.

25. The method of claim 20 wherein the portable hand-
held housing has opposing parallel front and back surfaces
and wherein the pair of antennas are arranged in side-by-side
relation extending in a plane parallel to the front and back
surfaces.
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1
MULTI-BAND ANTENNA OF COMPACT SIZE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention provides a multi-band antenna of
compact size, in particular a monopole antenna of a compact
size with a three-dimensional bending structure that uses a
characteristic of coupling effectively between different fre-
quency bands to improve the antenna’s efficiency.

2. Description of the Prior Art

In a modern world of information, various wireless com-
munication networks have become one of the most impor-
tant channels for exchanging sounds, text, numerical results,
data, and video for many people. An antenna is required to
receive information carried by wireless electromagnetic
waves in a wireless communications network. Therefore the
development of antennas has also become one of key issues
for vendors in the technology field. In order to have users
implement and access information from different wireless
networks in ease, an antenna with better design should be
able to cover different bands of each wireless communica-
tions network with only one antenna. Besides, the size of the
antenna should be as small as possible to be implemented in
compact portable wireless devices (such as cellphones,
Personal Digital Assistants i.e. PDAs).

In the prior art, Planar Inverted-F Antennas (PIFAs) are
the most popular for wireless communication network trans-
ceiving services. Please refer to FIG. 1. FIG. 1 is a diagram
of an antenna 10 that is a typical PIFA. A PIFA generally
uses a planar radiation portion and a planar base to induce
an electromagnetic wave oscillation. In addition, an antenna
as shown in the R.O.C. patent publications number 20041
9843 (corresponding to U.S. Pat. No. 6,930,640) is also a
type of PIFA. However, when using this type of antenna as
a multi-band antenna, a planar radiation portion of the
antenna requires a large planar area, and a distance between
the radiation plane and a base plane of the antenna d0 (as in
FIG. 1) is related to a frequency/bandwidth of the antenna
that cannot be adjusted as desired. Thus, the antenna of the
prior art cannot be structurally reduced in size and is unable
to meet the needs of compactness and multi-band reception.

SUMMARY OF THE INVENTION

A multi-band antenna according to the present invention
includes a coupling portion for feeding-in or feeding-out
signals. A first radiation portion is coupled to one end of the
coupling portion. The first radiation portion is bended at one
or more bending points to form a plurality of sections with
the plurality of sections distributed on two planes that are not
parallel to each other. A second radiation portion is coupled
to another end of the coupling portion. The second radiation
portion includes at least one section and the at least one
section of the second radiation portion is paralleled to at
least one section of the first radiation portion in order to have
radiation characteristics of the two paralleled sections
coupled to each other for increasing a bandwidth of the
multi-band antenna.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of an antenna of the prior art.
FIGS. 2-5 are diagrams of an embodiment of an antenna
of the present invention from various perspectives.
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FIGS. 6-9 present different portions of the antenna in FIG.
2.

FIG. 10 presents frequency characteristics formed by an
intercoupling effect of high/low frequency radiation portions
of the antenna of the present invention.

FIG. 11 is a diagram of a voltage standing wave ratio
(VSWR) of the antenna of the present invention in practice.

FIG. 12 is a diagram of the antenna in FIG. 2 installed on
a circuit board.

FIGS. 13-16 are diagrams of the antenna in FIG. 2
installed on a fixture.

FIGS. 17-18 are diagrams of the antenna in FIG. 2
embedded in a circuit board.

FIGS. 19-26 presents various embodiments of the antenna
of the present invention respectively.

DETAILED DESCRIPTION

Please refer to FIGS. 2-5. FIGS. 2-5 are diagrams with
different viewing angles of an embodiment 20 of an antenna
of the present invention. The antenna of the present inven-
tion 20 can be a monopole antenna, with a coupling portion
CP, a low frequency radiation portion [, and a high fre-
quency radiation portion H to have the antenna of the present
invention 20 functioning in multi-band and supporting dif-
ferent requirements from each frequency band of wireless
communications. As shown in FIGS. 2-5, the antenna 20 can
be formed with bended conductors having uniform cross
sections (for example, a copper wire having circular cross
sections). The low frequency radiation portion I, and the
high frequency radiation portion H are extensions of differ-
ent (opposite) ends of the coupling portion CP and hence
form a three-dimensional structure. The coupling portion CP
feeds-in or feeds-out signals with a signal feeding point S,
the low frequency radiation portion L. and the high frequency
radiation portion H are for inducing radiation characteristics
of low frequency and high frequency bands, so the antenna
20 of the present invention can cater to both low and high
frequency bands in wireless communicational needs. In the
embodiment shown in FIGS. 2-5, the low frequency radia-
tion portion L. extends longer and can be bended at a
plurality of bending points to form a plurality of sections
along two non-parallel planes in a three-dimensional space,
whereas the high frequency radiation portion H is shorter
and can be bended at a single point to form two sections.

Along with the embodiment shown in FIGS. 2-5, please
refer to FIGS. 6-9. FIGS. 6-9 more clearly show and explain
structures of each part of the antenna 20. As seen in FIG. 6
and FIG. 7, the low frequency radiation portion L. of the
antenna 20 bends along two non-parallel planes P1 and P2
(FIG. 6), and bends to form sections L1 to L5 (FIG. 7) at
bending points L1p to Ld4p. The sections are three main
(longer) sections L1, 1.3, and L5 and two shorter sections [.2
and [4. Of the low radiation portions L1 to L5, the further-
most portion is L5, so L5 can be seen as a low radiation
frequency portion of L. Furthermore, in FIGS. 8 and 9, the
high frequency radiation portion H of the antenna 20 bends
along a plane P3 (FIG. 9) at a bending point H1p to form two
sections H1, and H2 (FIG. 8) on a same plane. Within each
section of the high frequency radiation portion H, the section
that extends the furthest from the coupling portion CP is the
section H2, so that the section H2 is recognized as a terminal
section of the high frequency radiation portion H. Based on
the structure of the antenna of the present invention in FIG.
9, it is known that other than a terminal section L5 being able
to be on the same plane as each section of the high frequency
radiation portion H (H1, H2), and at least one section of the
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other sections of the low frequency radiation portion L (L1
to 14) is on a different plane from the high frequency
radiation portion H. Due to the structure of the antenna, a
size of the present invention is effectively reduced and meets
the requirements of compact portable communications
devices.

As for the structure of the antenna 20 shown in FIG. 9, the
terminal section L5 of the low frequency radiation portion L.
is parallel to the terminal section H2 of the high frequency
radiation portion H, and the distance between the two
terminal sections is d. To compare, distances between the
terminal section H2 and other sections (like L1, L.3) of the
low frequency radiation portion L are larger than the dis-
tance d. Because the terminal sections of low and high
frequency radiation portions are close and parallel to each
other, the present invention is able to improve overall
characteristics with couplings between the low and high
frequency radiation portions.

Please refer to FIG. 10, which illustrates the theory of
couplings between the low/high frequency radiation por-
tions in a frequency spectrum according to the characteris-
tics of the present invention. The horizontal axis represents
frequency and the vertical axis represents frequency spec-
trum characteristics. For instance, the vertical axis can be
VSWR (Voltage Standing Wave Ratio). For people who are
familiar with the technique, a local minimum of the VSWR
in a spectrum can represent a usable bandwidth of an
antenna, so the VSWR is usually used to show a radiation
characteristic of an antenna (especially in a frequency spec-
trum).

FIG. 10 presents that if only the low frequency radiation
portion is considered, the low frequency radiation portion of
the antenna with longer length induces a low frequency local
minimum (shown in FIG. 10 with a broken line) at a low
frequency band (i.e. around frequency f0). Similarly, taking
only the high frequency radiation portion into account, with
a shorter high frequency radiation portion, the antenna
induces a high frequency local minimum (also represented
with a broken line) around a frequency 2 at a high fre-
quency band. In general, a bandwidth of the high frequency
band can barely simultaneously support different working
bands required by different high frequency communications
(2G/3G applications). However, as discussed earlier, the
antenna of the present invention is especially designed to
have a stronger coupling between the low and the high
frequency radiation portions, so overall characteristics of the
antenna are improved with the intercoupling. The intercou-
pling causes two effects. First, the intercoupling promotes
coupling of harmonics of the low frequency radiation por-
tion and hence induces a local minimum at a harmonic
frequency. Secondly, as presented in FIG. 10, a second
harmonic of the low frequency radiation portion can induce
another local minimum at a frequency fl (meaning that the
frequency fl is about twice of the frequency 10), and this
helps for expanding usable bandwidth of the high frequency
band.

Besides, the intercoupling between the low/high fre-
quency radiation portions can also produce equivalent inter-
coupled/autocoupled inductances and capacitances between
each section. The inductance and capacitance lower a Q
factor of the antenna accordingly to increase a bandwidth of
frequency spectrum of the antenna. From FIG. 2 to FIG. 9,
sections L1, L3, and L5 of the antenna 20 intercouple with
the section H2 to form an intercoupled capacitance. Each
section produces equivalent inductances from intercoupling/
autocoupling (e.g., at bending points), and these inductive,
capacitive effects can reduce the Q factor of the antenna 20.
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As the Q factor gets larger, the bandwidth gets smaller.
Hence the decrease in Q factor reflects on the spectrum as
the increase in bandwidth. As curves shown in FIG. 10, since
the present invention increases bandwidth with intercou-
pling effects, the local minimums at frequencies fl and f2
can expand while the Q factor decreases and combine with
each other to form a usable band of high frequency and to
fulfill requirements of different wireless communication
networks.

In theory, the intercoupling between the high and low
frequency radiation portions is actually interference, but the
present invention takes advantages of this character and
utilizes the intercoupling to expand the usable bandwidth so
that the interference has turned to be an advantage of the
antenna’s performance. The present invention fine-tunes
overall characteristics of the antenna of the present invention
(e.g., a center frequency of the usable band and it bandwidth
etc.) by changing a distance between the two terminal
sections of the low/high frequency radiation portion (pre-
sented as a distance d in FIG. 9) to change a degree of
intercoupling between the two terminal sections and there-
fore achieves the fine-tuning process. For example, to
increase the distance d (FIG. 9), a length of a section H1 can
be reduced appropriately to reduce the intercoupling
between the two terminal sections.

In application, the present invention uses sections having
lengths around 3 cm (or shorter) to support 5 different bands,
including Global System for Mobile communication (GSM)
850/900, GSM 1800/1900, UMTS (Universal Mobile Tele-
communications System) 2100. Supporting low frequencies
of the GSM850/900 communications networks convention-
ally requires a low frequency radiation conductor around 9
cm long. Due to the three-dimensional bended structure of
the low frequency radiation portion of the present invention,
the conductor only needs to be around 3 cm (or shorter) to
support GSM850/900 requirements. On the other hand, the
present invention uses a wide bandwidth expanded by the
intercoupling between the low/high frequency radiation por-
tions and hence fully supports high frequency bands of
GSM1800/1900 and UMTS 2100. For a more realistic
description, please refer to FIG. 11. With an antenna struc-
ture design shown in FIG. 2, the present invention realisti-
cally practices a frequency spectrum characteristic as shown
in FIG. 8 where the horizontal axis represents frequency and
the vertical axis represents VSWR. From FIG. 1, the antenna
supports GSM850/900 in low frequency band while cover-
ing GSM1800/1900 and UMTS 2100 in the high frequency
wideband. With only one antenna, 5 different bands from
different wireless communications requirements are met,
therefore a multi-band antenna is achieved.

As the present invention is small in size and supports high
frequency bands, it can be applied on various portable
communications devices, like cellphone, Personal Digital
Assistants (PDAs), or laptop computers etc.

Please refer to FIG. 12. To continue the example
explained by FIG. 2 to FIG. 9, FIG. 12 is a diagram of the
antenna 20 installed on a circuit board 22 of the present
invention. A signal feeding point of the antenna 20 is
coupled to a corresponding circuit on the circuit board 22
(for instance, a printed circuit board) to receive feeding-ins
and feeding-outs of signals. The antenna of the present
invention can also be placed on fixtures in practice when
installing the antenna on a communications device.

Please refer to FIGS. 13-16. FIGS. 13-16 are diagrams of
different viewing points presenting an installation of the
antenna 20 with a fixture 24. The fixture 24 can be a medium
material (i.e. a non-conductive material such as plastic etc.).
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As shown in FIGS. 13-16, the fixture 24 comprises various
holes and rails to fit with the antenna structure of the present
invention. When the fixture 24 and the antenna 20 are fixed
together, it can be easily placed on a circuit board (not
shown in FIGS. 13-16). For example, the fixture 24 can
comprise tenons, screw holes etc. to have the antenna/fixture
combination fixed on the circuit board. The fixture 24 not
only fixes/protects the three-dimensional structure of the
antenna 20, but also can be used as a supporting pole for
other communications devices (such as camera lens etc.)
The material of the fixture 24 can affect the characteristics
of the antenna 20. However, as explained earlier, the dis-
tance d (FIG. 9) between the low/high frequency radiation
portions can be adjusted to fine-tune the characteristics and
compensate effects of the fixture 24. In reverse, the charac-
teristics or other radiation characteristics (like radiation
field) of the antenna can also be adjusted, varied through
tuning or changing the medium material of the fixture 24.

Other than fixing the antenna of the present invention on
a surface of a circuit board as illustrated in FIG. 12, the
antenna can also be fixed on a side of a circuit board to
match with a fixture since the present invention has a
three-dimensional structure, so that space occupied by the
antenna is further reduced. Please refer to FIGS. 17-18,
which illustrate the antenna 20 embedded on a circuit board
28 with a fixture 26. As shown in FIGS. 17-18, a structure
of the fixture 26 corresponds to a thickness of the circuit
board 28 to have the antenna 20 embedded in one side of the
circuit board 28. Therefore, the antenna 20 with the three-
dimensional structure is able to embed in and distribute in
two different sides of a circuit board (meaning that different
sections of the antenna 20 can be distributed on the two
different sides of the circuit board 28) to reduce space taken
by the antenna.

In the embodiment shown in FIG. 2 (to FIG. 9), the
present invention is formed by constructing the conductor
having a uniform cross section (circular cross section). With
the structure of the present invention, other types of con-
ductors can also be used to construct an antenna. Please refer
to FIG. 19. FIG. 19 is another embodiment of an antenna 30
of the present invention. As illustrated in FIG. 19, the
antenna 30 uses a bending stamp of a flat metal strip. Similar
to the antenna 20 in FIG. 2, the antenna 30 in FIG. 19 also
comprises a coupling portion CPa (with a signal feeding
point Sa), a low frequency radiation portion La and a high
frequency radiation portion Ha, to put the theory of a
monopole multi-band antenna into practice. With the same
idea, a distance da between the low frequency radiation
portion La and the high frequency radiation portion Ha can
also be adjusted to tune a radiation characteristic of the
antenna 30.

Please refer to FIGS. 20-21. FIGS. 20-21 are diagrams
with different viewing points of another embodiment of an
antenna 40 of the present invention. Similar to the antenna
30 in FIG. 19, the antenna 40 in FIGS. 20-21 is also formed
with a bended flat metal strip, comprising a coupling portion
CPb (with a signal feeding point Sb), a low frequency
radiation portion Lb, and a high frequency radiation portion
Hb. There is a difference that a main section (a longer
section) of each section of the antenna 40 is curved. Even
thus, terminal sections of the low frequency radiation por-
tion Lb and the high frequency radiation portion Hb are still
parallel to each other on a same curve plane and therefore
increase intercoupling between the sections. The character-
istics of the antenna 40 can be fine-tuned by changing the
intercoupling through adjusting the distance db.
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Please refer to FIG. 22 and FIG. 23. FIG. 22 and FIG. 23
present another two embodiments of antennas 50 and 60 of
the present invention. In FIG. 22, the antenna 50 also
comprises a coupling portion CPc (with a signal feeding
point Sc), a low frequency radiation portion Lc, and a high
frequency radiation portion He. The terminal sections of the
low/high radiation portion are paralleled with a shorter
distance between them to have a stronger intercoupling. In
FIG. 23, the antenna 60 also comprises a coupling portion
CPd (with a signal feeding point Sd), a low frequency
radiation portion [.d, and a high frequency radiation portion
Hd. The low frequency portion can only have one section,
and the section is paralleled to a terminal section of the high
frequency radiation portion to dominant an intercoupling
between them.

Please refer to FIGS. 24-25 and FIG. 26. FIGS. 24-26
present another two embodiments of antennas 70 and 80 of
the present invention. FIGS. 24-25 illustrate the antenna 70
of the present invention from different views. The three-
dimensional structure of the antenna in the present invention
does not need to be distributed on planes that are perpen-
dicular to each other. The antenna 70 shown in FIGS. 24-25
distributes each section on planes that are not perpendicular
to each other. The antenna 70 also comprises a coupling
portion CPe (with a signal feeding point Se), a low fre-
quency radiation portion Le and a high frequency radiation
portion He. The low frequency radiation portion Le bends
into several sections along a plane, and terminal sections of
the low/high frequency radiation portions are also close to
and paralleled to each other to have a strong intercoupling.
The antenna 80 also comprises a coupling portion CPf (with
a signal feeding point Sf), a low frequency radiation portion
Lf, and a high frequency radiation portion Hf, where termi-
nal sections of the low/high frequency radiation portions are
also close to and paralleled to each other to have a strong
intercoupling.

As the embodiments show in FIG. 19 to FIG. 26, the
present invention can be formed with a conductor (for
instance, the coupling portion and the low/high frequency
radiation portions are formed with one bended metal having
a uniform cross section), which saves time and money
consumed in manufacturing. However, the antenna in the
present invention can also be formed with different conduc-
tors, for example, different metal conductors with different
cross sections forming low/high frequency radiation por-
tions respectively, and combined to be an antenna with a
conductor being a coupling portion.

In conclusion, compared with the prior art, the monopole
antenna of the present invention bends to form a three-
dimensional structure comprising low/high frequency radia-
tion portions effectively reducing space occupied by the
antenna. A controllable intercoupling between the low/high
frequency radiation portions is established, with the inter-
coupling the overall characteristics and performance of the
antenna are improved (for instance, increases the usable
bandwidth of the antenna in high frequency bands). There-
fore, the present invention, with a compact antenna, supports
various low/high frequency bands to cater different needs
from wireless communication networks.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.
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What is claimed is:

1. A multi-band antenna comprising:

a coupling portion for feeding-in or feeding-out signals;

a first radiation portion coupled to one end of the coupling
portion; the first radiation portion bended at one or
more bending points to form a plurality of sections, and
at least two sections distributed on two planes that are
not parallel to each other; and

a second radiation portion coupled to another end of the
coupling portion; the second radiation portion compris-
ing at least one section, wherein a section of the at least
one section of the second radiation portion is parallel to
a terminal section of the first radiation portion, has a
similar length as the terminal section of the first radia-
tion portion, and is substantially aligned with the ter-
minal section of the first radiation portion in order to
have radiation characteristics of the two parallel par-
alleled sections intercoupled for increasing a band-
width of the multi-band antenna, wherein the terminal
section being a section of the first radiation portion
extended furthest from the coupling portion.

2. The multi-band antenna of claim 1 wherein a distance
between the section of the second radiation portion and the
terminal section of the first radiation portion is smaller than
a distance between the section of the second radiation
portion and any other section of the first radiation portion.

3. The multi-band antenna of claim 1 wherein the second
radiation portion is bended at one or more bending points to
form a plurality of sections.

4. The multi-band antenna of claim 1 wherein the section
of the second radiation portion is on a same plane as the
terminal section of the first radiation portion.

5. The multi-band antenna of claim 1 is a monopole
antenna.

6. The multi-band antenna of claim 1 wherein the first
radiation portion is used for radiating electromagnetic waves
in low frequency bands, the second radiation portion is used
for radiating electromagnetic waves in high frequency
bands, so the multi-band antenna supports transmitting and
receiving of multi-band wireless signals.

7. The multi-band antenna of claim 1 wherein the first
radiation portion and the second radiation portion are
formed with bended conductors having uniform cross sec-
tions.

8. The multi-band antenna of claim 1 further comprising
a fixture which comprises a medium material for protecting
a structure of the multi-band antenna or adjusting charac-
teristics of the multi-band antenna.

9. The multi-band antenna of claim 8, wherein the fixture
allows the antenna to be embedded on a circuit board so that
different sections of the multi-band antenna are distributed
on both sides of the circuit board.

10. A multi-band antenna comprising:

a coupling portion used for receiving a feed-in or a

feed-out of a signal;

a first radiation portion coupled to one end of the coupling
portion; the first radiation portion bended at one or
more bending points to form a plurality of sections; and

a second radiation portion coupled to another end of the
coupling portion; the second radiation portion compris-
ing at least one a section, wherein a section of the at
least one section of the second radiation portion is
parallel to a terminal section of the first radiation
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portion, has a similar length as the terminal section of
the first radiation portion, and is substantially aligned
with the terminal section of the first radiation portion in
order to have radiation characteristics of the two par-
allel paralleled sections intercoupled for increasing a
bandwidth of the multi-band antenna, wherein the
terminal section being a section of the first radiation
portion extended furthest from the coupling portion.

11. The multi-band antenna of claim 10 wherein a dis-
tance between the section of the second radiation portion
and the terminal section of the first radiation portion is
smaller than a distance between the section of the second
radiation portion and any other section of the first radiation
portion.

12. The multi-band antenna of claim 10 wherein a termi-
nal section of the second radiation portion is a section of the
second radiation portion extended furthest from the coupling
portion.

13. The multi-band antenna of claim 10, wherein the first
radiation portion is used for radiating electromagnetic waves
in low frequency bands, the second radiation portion is used
for radiating electromagnetic waves in high frequency
bands, so the multi-band antenna supports transmitting and
receiving of multi-band wireless signals.

14. The multi-band antenna of claim 10 further compris-
ing a fixture that comprises a medium material used for
protecting a structure of the multi-band antenna or adjusting
characteristics of the multi-band antenna.

15. The multi-band antenna of claim 14 wherein the
fixture allows the antenna to be embedded on a circuit board
so that different sections of the multi-band antenna are
distributed on both sides of the circuit board.

16. The multi-band antenna of claim 10 wherein the
plurality of sections of the first radiation portion have similar
lengths and are in parallel with each other, and each of the
plurality of sections of the first radiation portion has a
majority segment aligned with a corresponding majority
segment of the section of the second radiation portion.

17. A multi-band antenna comprising:

a coupling portion, used for receiving a feed-in or a

feed-out of a signal;

a first radiation portion coupled to one end of the coupling
portion formed with bended conductors having uniform
cross sections; the first radiation portion bended at one
or more bending points to form a plurality of sections;
and

a second radiation portion coupled to another end of the
coupling portion and formed with bended conductors
having uniform cross sections; the second radiation
portion comprising at least one section, a section of the
at least one section of the second radiation portion is
parallel to a terminal section of the first radiation
portion, has a similar length as the terminal section of
the first radiation portion, and is substantially aligned
with the terminal section of the first radiation portion in
order to have radiation characteristics of the two par-
allel sections intercoupled for increasing a bandwidth
of the multi-band antenna, wherein the terminal section
being a section of the first radiation portion extended
furthest from the coupling portion.
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ANTENNA RING FOR ELECTRONIC
DEVICE

PRIORITY REFERENCE TO PRIOR
APPLICATION

This application is a continuation of and incorporates by
reference U.S. patent application Ser. No. 11/162,051, filed
Aug. 26, 2005 now U.S. Pat. No. 7,196,670, which claims
benefit of and incorporates by reference U.S. patent appli-
cation No. 60/686,623, entitled “Cell Ring,” filed on Jun. 3,
2005, by inventor Franklin F K Chen, which is also incor-
porated by reference.

TECHNICAL FIELD

This invention relates generally to electronics, and more
particularly, but not exclusively, provides a ring or clasp
with an embedded antenna or for covering an antenna of an
electronic device, such as a mobile phone, global positioning
satellite (GPS) device, personal digital assistant (PDA) or
radio.

BACKGROUND

Electronic devices, such as mobile phones, are easily lost
as they are small and are often placed in pockets or purses
where they are not secured or tethered. Accordingly, the
devices can easily be misplaced or fall out.

One solution is to use clip-on mechanisms attached to the
side of a device to couple the electronic device to a belt or
other article of clothing. However, clip-on mechanisms,
when integral with the device, make the device bulky.

Accordingly, a new non-bulky device is needed to enable
the coupling of an electronic device to an object.

SUMMARY

Embodiments of the invention provide an accessory for an
electronic device such as a mobile phone, PDA, etc. The
accessory comprises a mounting portion adapted for mount-
ing to an antenna region of the electronic device; and a
coupling portion coupled to the mounting portion and
adapted for detachable coupling to an object to thereby
couple of the electronic device to the object. In an embodi-
ment of the invention, the accessory is adapted for acting as
an antenna for the electronic device; the antenna can be
embedded within the accessory or a portion of the accessory
(e.g., into the coupling portion).

In one embodiment, the mounting portion has insertion
region adapted for insertion into an antenna socket defined
in the antenna region of the electronic device. The insertion
region can be threaded to permit threadable coupling to a
corresponding threaded area of the antenna socket or can be
adapted for frictionally engaging at least a portion of the
antenna socket when the insertion region is inserted into the
antenna socket to frictionally couple the insertion region to
the electronic device. Also, the mounting portion includes a
bore adapted for receiving by insertion therein an antenna
extending from the antenna region of the electronic device.
The bore of the mounting portion can be adapted for
frictionally engaging at least portion of the antenna inserted
into the bore to frictionally couple the antenna to the
mounting portion.

In an embodiment of the invention, the accessory can
further comprise a rotational coupling interposed between
the coupling portion and the mounting portion to permit
rotation of the coupling portion with respect to the mounting
portion about an axis extending through the rotational cou-

pling.
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In an embodiment of the invention, the coupling portion
comprises a hook. The hook can define a space sufficiently
sized to permit extension therein of a finger of a user. A latch
can also pivotally coupled to a root area of the hook
proximate the mounting portion and extending between the
root area and a free end of the hook. The latch can be biased
in a direction to close a break defined between the root area
and free end of the hook.

In an embodiment of the invention, the coupling portion
comprises a clasp. The clasp can define a space sufficiently
sized to permit extension therein of a finger of a user. The
clasp can have a deflecting portion extending across a break
defined in the clasp and biased in a first direction to close the
break, the clasp further including a lever adapted for per-
mitting a user to deflect the deflecting portion in a second
direction opposite the first direction and thereby expose the
break. The lever and deflecting portion can be located on
opposite sides of the mounting portion. In another embodi-
ment, the lever and deflecting portion can be located on a
common side of the mounting portion.

In an embodiment of the invention, the coupling portion
comprises a generally D-shaped ring having an arcuate
member having a first end pivotally coupled to an elongated
portion member, the arcuate portion being biased in a
direction to urge a second end of the arcuate member
towards the elongated portion. The D-shaped ring can define
a space sufficiently sized to permit extension therein of a
finger of a user.

In an embodiment of the invention, the coupling portion
comprises a generally rectangular shaped ring having a three
sided member having a first end pivotally coupled to the
single sided member, the three sided member being biased
in a direction to urge a second end of the three sided member
towards the single sided member.

Embodiments of the invention also provide a method
comprising providing the accessory described above and
operating the coupling portion to couple it to an object.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the
present invention are described with reference to the fol-
lowing figures, wherein like reference numerals refer to like
parts throughout the various views unless otherwise speci-
fied.

FIG. 1 is a diagram illustrating an electronic device
having a circular ring;

FIGS. 2A and 2B are diagrams illustrating an electronic
device having a ring shaped clasp;

FIGS. 3A and 3B are diagrams illustrating an electronic
device having a ring shaped clasp according to another
embodiment;

FIG. 4 is a diagram illustrating an electronic device and
a ring capable of being coupled to an antenna of the device;

FIG. 5 is a diagram illustrating an electronic device
having a D-shaped clasp according to another embodiment
of the invention; and

FIG. 6 is a diagram illustrating an electronic device
having an oval shaped clasp according to another embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The following description is provided to enable any
person having ordinary skill in the art to make and use the
invention, and is provided in the context of a particular
application and its requirements. Various modifications to
the embodiments will be readily apparent to those skilled in
the art, and the principles defined herein may be applied to
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other embodiments and applications without departing from
the spirit and scope of the invention. Thus, the present
invention is not intended to be limited to the embodiments
shown, but is to be accorded the widest scope consistent
with the principles, features and teachings disclosed herein.

FIG. 1 is a diagram illustrating an electronic device 100
having a circular ring (also referred to as a hook) 120. The
device 100 comprises an electronics section 110 coupled to
the ring 120. In one embodiment, the ring 120 has an
articulated connection to the electronics section 110,
enabling the ring 120 to rotate. The electronics section 110
can include a radio, GPS device, mobile phone, PDA or
other device requiring an antenna. The antenna can be
located within the electronics section 110 or integral with the
ring 120 (e.g., the ring 120 may include an antenna 130
embedded therein).

The ring 120 can be located where an external antenna
would normally be coupled to the electronics section 110,
such as in the upper right or left hand corner of the
electronics section 110. The ring 120 is approximately
circular in shape with an inner diameter of about 0.5 inches
to about 1 inch. In one embodiment, the ring 120 has an
inner diameter large enough to loop around a bearer’s index
finger. The ring 120 can form an antenna or have an antenna
within the ring 120. In an embodiment in which the antenna
is embedded within the ring 120, the antenna can have a
length equal to the circumference of the ring 120 (e.g., to
form a loop antenna) or a length less than the circumference
of the ring 120. The antenna is coupled to circuitry within
the electronics section 110.

The ring 120 can be made from one or more materials,
such as injection molded plastic, lightweight metals, and/or
decorative metals, etc. to form a rigid structure. Accordingly,
the ring 120 enables the device 100 to be hooked onto the
bearer’s clothing (such as belt loops and pockets), or straps/
rings (such as those of a shoulder bag and backpacks). The
device 100 also affords the bearer a more secure grip with a
finger through the ring shaped structure of embodiments of
the invention. The ring 120 also enables the bearer to twirl
the device 100 around the bearer’s finger.

FIGS. 2A and 2B are diagrams illustrating an electronic
device 200 having a ring shaped clasp 210. The clasp 210 is
substantially similar to the ring 120 except that the clasp 210
is spring loaded and is normally in a closed position as
shown in FIG. 2A. The clasp 210 has a lever 220 that opens
the clasp 210. The clasp 210 opens by the bearer’s pushing
the lever 220, which opens the clasp by deflecting an arm
230 that forms a portion of the clasp 210. Accordingly, this
embodiment enables the bearer to open the clasp 210 to
attach/detach the device 200 to/from the bearer’s clothing or
accessories.

The clasp 210 can be coupled to the electronics section
110 via a threaded attachment, adhesive, or other technique.
In an embodiment of the invention, the clasp 210 can be
manufactured with the electronics section 110 in a single
piece.

FIGS. 3A and 3B are diagrams illustrating an electronic
device 300 having a ring shaped clasp according to another
embodiment. The clasp is formed by two arms 310 and 330
that are both coupled to a lever 320 such that activation of
the lever 320 causes the opening of the clasp via movement
of both arms 310 and 330.

FIG. 4 is a diagram illustrating an electronic device 400
and a ring 420 capable of being coupled to an antenna 410
of the device. The ring 420 fits snugly over the antenna 410
via a friction fit, adhesive, threaded attachment or other
technique. The ring 420 can act as antenna booster to
enhance the sending and/or receiving of signals from the
antenna 410.
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FIG. 5 is a diagram illustrating an electronic device 500
having a D-shaped clasp 520 according to another embodi-
ment of the invention. The clasp 520 is coupled to a base of
an antenna 510 via a pivot mechanism and is spring loaded
such that the clasp 520 is normally in a closed position. The
clasp 520 is opened by the bearer’s squeezing or pushing on
the clasp 520 near the pivot mechanism. This embodiment
allows a user to approximate a pistol hold on the electronic
device 500. This embodiment enables the bearer to open the
clasp 520 to attach/detach the electronic device 500 to/from
the bearer’s clothing or accessories.

FIG. 6 is a diagram illustrating an electronic device 600
having an oval shaped clasp 610 according to another
embodiment of the invention. The clasp 610 includes an
antenna and arm 620 that is pivotly coupled to a base of the
antenna, such that pushing against the arm 620 places it in
an open position. The arm 620 is spring loaded so that it is
normally in a closed position.

The foregoing description of the illustrated embodiments
of'the present invention is by way of example only, and other
variations and modifications of the above-described embodi-
ments and methods are possible in light of the foregoing
teaching. For example, many of the features described in the
above embodiments are interchangeable between embodi-
ment. Further, components of this invention may be imple-
mented using a programmed general purpose digital com-
puter, using application specific integrated circuits, or using
a network of interconnected conventional components and
circuits. Connections may be wired, wireless, modem, etc.
The embodiments described herein are not intended to be
exhaustive or limiting. The present invention is limited only
by the following claims.

What is claimed is:

1. An accessory for an electronic device, comprising:

a mounting portion adapted for mounting to an antenna

region of the electronic device;

a coupling portion adapted for detachable coupling to an
object to thereby couple the electronic device to the
object; and

a rigid connection between the coupling portion and the
mounting portion.

2. The accessory of claim 1, wherein the accessory is

adapted for acting as an antenna for the electronic device.

3. The accessory of claim 1, further comprising an
antenna embedded therein, the antenna being adapted for
electrically coupling to the electronic device when the
mounting portion is mounted to the antenna region of
electronic device.

4. The accessory of claim 3, wherein at least a portion of
the antenna extends into the coupling portion.

5. The accessory of claim 1, wherein the mounting portion
has insertion region adapted for insertion into an antenna
socket defined in the antenna region of the electronic device.

6. The accessory of claim 5, wherein the insertion region
is threaded to permit threadable coupling to a corresponding
threaded area of the antenna socket.

7. The accessory of claim 5, wherein the insertion region
is adapted for frictionally engaging at least a portion of the
antenna socket when the insertion region is inserted into the
antenna socket to frictionally couple the insertion region to
the electronic device.

8. The accessory of claim 1, wherein the mounting portion
includes a bore adapted for receiving by insertion therein an
antenna extending from the antenna region of the electronic
device.

9. The accessory of claim 8, wherein the bore of the
mounting portion is adapted for frictionally engaging at least
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portion of the antenna inserted into the bore to frictionally
couple the antenna to the mounting portion.

10. The accessory of claim 1, further comprising a rota-
tional coupling interposed between the coupling portion and
the mounting portion to permit rotation of the coupling
portion with respect to the mounting portion about an axis
extending through the rotational coupling.

11. The accessory of claim 1, wherein the coupling
portion comprises a hook.

12. The accessory of claim 11, wherein the hook defines
a space sufficiently sized to permit extension therein of a
finger of a user.

13. The accessory of claim 11, wherein the hook defines
a space minimally sized to permit the hook to hook around
a key ring or belt loop.

14. The accessory of claim 11, further comprising a latch
pivotally coupled to a root area of the hook proximate the
mounting portion and extending between the root area and
a free end of the hook.

15. The accessory of claim 14, wherein the latch is biased
in a direction to close a break defined between the root area
and free end of the hook.

16. The accessory of claim 1, wherein the coupling
portion comprises a clasp.

17. The accessory of claim 16, wherein the clasp defines
a space sufficiently sized to permit extension therein of a
finger of a user.

18. The accessory of claim 16, wherein the clasp defines
a space minimally sized to permit the clasp to hook around
a key ring or belt loop.

19. The accessory of claim 16, wherein the clasp has a
deflecting portion extending across a break defined in the
clasp and biased in a first direction to close the break, the
clasp further including a lever adapted for permitting a user
to deflect the deflecting portion in a second direction oppo-
site the first direction and thereby expose the break.

20. The accessory of claim 19, wherein the lever and
deflecting portion are located on opposite sides of the
mounting portion.
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21. The accessory of claim 19, wherein the lever and
deflecting portion are located on a common side of the
mounting portion.

22. The accessory of claim 1, wherein the coupling
portion comprises a generally D-shaped ring having an
arcuate member having a first end pivotally coupled to an
elongated member, the arcuate member being biased in a
direction to urge a second end of the arcuate member
towards the elongated member.

23. The accessory of claim 22, wherein the D-shaped ring
defines a space sufficiently sized to permit extension therein
a finger of a user.

24. The accessory of claim 22, wherein the D-shaped ring
defines a space minimally sized to permit the D-shaped ring
to hook around a key ring or belt loop.

25. The accessory of claim 1, wherein the coupling
portion comprises a generally rectangular shaped ring hav-
ing a three sided member having a first end pivotally coupled
to the single sided member, the three sided member being
biased in a direction to urge a second end of the three sided
member towards the single sided member.

26. The accessory of claim 25, wherein the rectangular
shaped ring defines a space sufficiently sized to permit
extension therein a finger of a user.

27. The accessory of claim 25, wherein the rectangular
shaped ring defines a space minimally sized to permit the
rectangular shaped ring to hook around a key ring or belt
loop.

28. An electronic device incorporating the accessory of
claim 1.

29. A method, comprising:
providing the accessory of claim 1; and

operating the coupling portion to couple the accessory to
an object.
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DUAL BAND ELECTRICALLY SMALL
MICROSTRIP ANTENNA

GOVERNMENT INTEREST

The invention described herein may be manufactured,
used, imported, sold, and licensed by or for the Government
of The United States of America without the payment to me
of any royalty thereon.

FIELD OF THE INVENTION

The present invention relates generally to the field of
microstrip antennas, and more particularly to multiple band
compact planar microstrip antennas.

BACKGROUND OF THE INVENTION

Microstrip antennas with a lightweight, low profile, low
cost and planar structure have been replacing bulky anten-
nas. The length of a rectangular microstrip antenna is about
a half wavelength within the dielectric medium under a
radiating patch. A half wavelength is still relatively large at
UHF and VHF frequencies and these frequencies also
impose size limitations that can result in bulky and cum-
bersome antenna structures. However, microstrip antennas,
particularly the electrically small microstrip antennas, have
a rather narrow bandwidth. This narrow bandwidth has been
tolerated because most modern communications systems
generally only need a few distinct frequencies, e.g. one to
transmit and one to receive, rather than a continuous spec-
trum of operating frequency. The disadvantages, drawbacks,
limitations and shortcomings of conventionally-sized nar-
row-band microstrip antennas have created a long-felt need
for more compact multiple band antenna structures at lower
frequencies that are also low-cost, rugged and conformal in
nature. Up until now, it has not been possible to employ
planar microstrip antennas without the disadvantages, limi-
tations and shortcomings associated with antenna length and
size.

Aside from the need for compact multiple band antenna
structures, the prior art narrowband microstrip antennas
have suffered from a number of other problems. One con-
tinuing problem with prior art narrowband microstrip anten-
nas is unwanted antenna length of a half wavelength length
within the dielectric medium, and they also suffer from other
size-related drawbacks and disadvantages such as excessive
cost and cumbersomeness. Thus there has been a long-felt
and unsatisfied need for a multiple band electrically small
microstrip antenna for the VHF and UHF frequencies.

The present invention makes it possible to fulfill the need
for a significantly reduced antenna length and an electrically
small multi-band antenna without suffering from the disad-
vantages, shortcomings and limitations of lengthy, costly
and cumbersome conventional microstrip antennas.

SUMMARY OF THE INVENTION

The present invention fulfills the long-standing need for a
significantly reduced antenna length and an electrically
small antenna for the VHF and UHF frequencies with a
multiple band electrically small compact planar microstrip
antenna comprising a group of unequally dimensioned radi-
ating members positioned on a dielectric substrate which is
stacked on a ground plane that permits both a considerably
abbreviated antenna length and significantly high efficiency
antenna performance. At least two radiating members are
separated by a gap.
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It is an object of this invention to provide a significantly
reduced antenna length and an electrically small microstrip
antenna.

It is a further object of this invention to provide a multiple
band electrically small compact planar microstrip antenna
with a significantly reduced antenna size.

These and other objects are advantageously accomplished
with the present invention providing a multiple band elec-
trically small compact planar microstrip antenna comprising
stacking a plurality of radiating members, a microstrip
dielectric substrate and a ground plane to provide a multiple
band electrically small, compact, planar microstrip antenna
at VHF and UHF frequencies. The unequally dimensioned
radiating members of the present invention advantageously
provide an antenna that resonates at a number of different
frequencies instead of a single frequency as the prior art
microstrip antenna. The multiple band electrically small
compact planar microstrip antenna also innovatively filters
unwanted signals at other frequencies because of the nar-
rowband nature of each band. This invention also encom-
passes methods for providing substantial reduction in
antenna size at the VHF and UHF frequencies with multiple
band electrically small planar microstrip antennas.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of an illustrative microstrip antenna
with rectangular patches connected to each other;

FIG. 2 is a cutaway side view of the FIG. 1 illustrative
microstrip antenna with rectangular patches stacked on a
dielectric substrate and ground plane;

FIG. 3 is a top view of the dual band embodiment of the
multiple band electrically small compact planar microstrip
antenna of the present invention with the narrow end behind
the connector shorted to ground;

FIG. 4 is a top view of the triple band embodiment of the
multiple band electrically small compact planar microstrip
antenna of the present invention; and

FIG. 5 is a top view of the quad band embodiment of the
multiple band electrically small compact planar microstrip
antenna of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The multiple band electrically small compact planar
microstrip antenna of the present invention advantageously
comprises a number of radiating members positioned on a
microstrip dielectric substrate stacked on a ground plane in
an innovative stacking arrangement that provides an elec-
trically small, abbreviated length for a microstrip antenna
with the advantages of multiple band capability in the VHF
and UHF frequencies. This invention’s multiple band elec-
trically small planar compact microstrip antenna is electri-
cally small in the sense that its wavelength is less than a
tenth of a wavelength within the dielectric medium. One
tenth of a wavelength compares favorably with prior art
rectangular microstrip antennas with a half wavelength
length within the dielectric medium. This is most particu-
larly the case when the prior art one half wavelength in the
VHF and UHF regions caused a relatively large antenna
length that led to other size-related drawbacks and disad-
vantages. Further, the unequally dimensioned, or unlike,
radiating members are composed of a number of rectangular
conductive strips with varying widths that cooperate to
reduce the effective impedance of the antenna structure. This
advantageous arrangement along with the innovative com-
bination of a multiple band with an electrically small
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microstrip antenna results in a substantially reduced antenna
length that is significantly shorter than conventional prior art
microstrip antennas, without suffering from any of the
disadvantages, drawbacks and limitations associated with
more lengthy prior art conventional microstrip antennas.

Before any further detailed description of the present
invention, it may be instructive to briefly review the under-
lying concepts and theory of compact microstrip antenna
operation. In a single frequency microstrip antenna, a junc-
tion in the middle of the patch may be introduced to shorten
the length of the impedance transition from the center point,
where the wave impedance disappears, to the edge of the
radiating patch, where the impedance becomes very large.
The simplest example of this phenomenon is the illustrative
microstrip antenna depicted in FIGS. 1 and 2 where two
rectangular patches of different widths are connected to each
other and the narrow patch is electrically shorted.

Referring now to FIG. 1, there is depicted a narrow
radiating strip 10 connected to a wide radiating patch 11 at
a junction 12, both mounted on a dielectric substrate 13. In
this illustration, the effective impedance, which is to be
satisfied by the narrow strip 10 at junction 12, is greatly
reduced by the presence of the two differently dimensioned
patches 10 and 11 of different widths there. This decreases
the size of the antenna greatly for the required frequency
range. Connector pin 14 is positioned on the narrow strip 10
and extends downward through the dielectric substrate 13 to
the ground plane 16, which is shown in FIG. 2. The narrow
rectangular strip 10, being folded over the dielectric sub-
strate 13 and ground plane 16 defines a front edge 15. The
wide radiating patch 11 terminates in a rear edge 17. Testing
the FIG. 1 illustrative single frequency microstrip antenna
resulted in a resonant frequency of 374 MHz, while a
conventional microstrip antenna fabricated with Duroid
5880 material, a 2.2 dielectric constant and the same antenna
length provided a resonance of 1.81 GHz, which permits a
five-fold antenna length shrinkage, or reduction. The present
inventor has observed that this shrinkage will increase as the
ratio of the width of the rectangular wide patch 11 and
narrow strip 10 increases. FIG. 2 depicts a cutaway side
view of the FIG. 1 illustrative microstrip antenna with
rectangular patches 10 and 11 stacked on the dielectric
substrate 13 and ground plane 16. The narrow rectangular
strip 10 partially covers the dielectric substrate 13 and
ground plane 16, opposes the rear edge 17 and terminates at
the connector pin 14.

In an effort to make the illustrative single frequency
microstrip antenna resonate at two different frequencies, and
now referring back to FIG. 1, a gap 18, or crack, shown by
broken lines in this drawing, was established that begins
between connector pin 14 and junction 12 in the narrow
radiating strip 10 and extends lengthwise through junction
12 to the edge 17 of the wide radiating patch 11. The gap 18
creates two different resonating sections, or radiating mem-
bers, which are essential elements of this invention, and are
shown in more detail in FIGS. 3-5. When the dimensions of
the radiating members on both sides of the gap 18 are
identical, then such a symmetrical antenna will resonate at
only one frequency. This inventor has found that if one or
more of these equalities do not hold, as is the case with the
microstrip antennas of the present invention, then the two
unequally-dimensioned, or unlike radiating members will
resonate at different frequencies, making the entire structure
a multiple band antenna.

In a second experiment, a 45.5 mm long 1.4 mm wide gap
was made lengthwise down the middle of a narrow strip and
wider radiating member, and this resulted in a single reso-
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nant frequency of 375 MHz, or 1 MHz higher than the first
experiment because of a slight reduction in the area of the
narrow strip and wide radiating member, due to the gap. The
lengths of the narrow strip and radiating member were
changed to provide a longer radiating member of 31.5 mm
on one side of the gap and a shorter radiating member of
19.5 mm on the other side. The resultant multiple band
electrically small compact planar microstrip antenna reso-
nated at 410 MHz and 669 MHz, i.e. the longer radiating
member (31.5 mm in length) caused the 410 MHz resonance
and the significantly shorter radiating member (19.5 mm in
length) caused the 669 MHz resonance. The combined
narrow strip and wide radiating member, when positioned on
dielectric substrate 13 and mounted on ground plane 16
operate as a single antenna, and not as a transmission line
split into two narrow transmission lines feeding into two
patches like a conventional microstrip antenna array does.
Therefore, a conventional microstrip antenna with conven-
tional patch lengths of 31.5 mm and 19.5 mm on standard
microstrip material would ordinarily provide resonant fre-
quencies of 3.1 GHz and 5.13 GHz. This is approximately
7.7 times higher than the resonant frequencies achievable
with the two radiating members measuring of 31.5 mm and
19.5 mm, as described above, so that this invention’s
microstrip antenna with those dimensions could have an
antenna length about seven times shorter than a conventional
array antenna.

Some of the long-felt needs for shorter antenna lengths
have been fulfilled by U.S. Pat. No. 5,561,435 entitled
“Planar Lower Cost Multilayer Dual-Band Microstrip
Antenna,” wherein this inventor was a co-inventor, and U.S.
Pat. No. 6,362,785 “Compact Cylindrical Microstrip
Antenna,” which are hereby incorporated by reference, but
those antennas were still very large at the frequencies of
interest. To provide an electrically small antenna capable of
reaching the VHF and UHF frequencies in accordance with
this invention, it is necessary to shrink the antenna even
further to make the antenna compact and usable for moving
platforms. The present invention focuses the antenna length
reduction effort on splitting the radiating element into mul-
tiple radiating members with unequal dimensions separated
by at least one gap to reduce the wavelength within the
microstrip media without making the antenna inefficient.
When two radiating members are used, the gap is a longi-
tudinal gap, and when more radiating members are
employed multiple gaps are necessary, including a longitu-
dinal gap, an “L” shaped gap and combinations of those or
similar gaps.

Variations include using two, three or four unlike radiat-
ing members; rectangularly shaped unlike radiating mem-
bers; a longitudinal gap that terminates at the rear edges for
the two member embodiment; two “L.” shaped gaps sepa-
rating the three unlike radiating members in the three
member embodiment; a longitudinal gap and two “L”
shaped gaps separating the four radiating members in the
four-member embodiment with the longitudinal gap termi-
nating at the rear edges and having the unlike radiating
members non-rectangularly shaped in a shape such as a
triangle.

Referring now to FIG. 3, there is depicted a top view of
the dual band embodiment of the multiple band electrically
small compact planar microstrip antenna of the present
invention. The dual band electrically small compact planar
microstrip antenna 20 of the present invention, comprises a
narrow radiating strip 21 connected to a first radiating
member 22 and a second radiating member 23 at junction
24. Based upon the relative sizes of the first and second
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radiating members 22 and 23 they each have unequal, or
unlike, dimensions and surface areas and are each wider than
the narrow radiating strip 21. The narrow radiating strip 21,
first unlike radiating member 22 and the second unlike
radiating member 23 are all positioned on a dielectric
substrate 25, which, in turn, is stacked on a ground plane, not
shown in this drawing, which is functionally equivalent to
the FIG. 2 ground plane. A connector pin 27 positioned on
the narrow radiating strip 21 projects downward through the
dielectric substrate 25 and ground plane causes the narrow
radiating strip 21 to electrically short. The first and second
unlike radiating members 22 and 23 are separated by at least
one gap 26 that begins in the vicinity of the connector pin 27
and extends lengthwise through the junction 24. The narrow
radiating strip 21, dielectric substrate 25 and ground plane
all share a common front edge 28. The first and second
unlike radiating members 22 and 23 terminate at edges 29
and 30, respectively. The narrow radiating strip 21 forms the
front edge 28 that partially covers the dielectric substrate 25
and ground plane, opposes the edges 29 and 30 and termi-
nates at the connector pin 27.

A number of the previously disclosed variations also
apply to this embodiment, including providing non-rectan-
gular unlike radiating members in shapes such as a triangle.
A dielectric constant in the dielectric substrate is necessary.
The radiating members may be constructed of any good
conductive metal, and in the preferred embodiment they are
composed of copper. The ground plane may also be made
from conductive materials such as copper and aluminum.
The unlike radiating members are depicted as being rectan-
gular, but can be configured in numerous shapes so long as
the surface areas have unequal dimensions.

Referring now to FIG. 4, there is depicted a top view of
the triple band embodiment of the multiple band electrically
small compact planar microstrip antenna of the present
invention. The triple band electrically small compact planar
microstrip antenna 40 of the present invention, comprises a
narrow radiating strip 41 connected to a first radiating
member 42, a second radiating member 43 and a third
radiating member 44 at junction 45. Based upon the relative
sizes of the first, second and third radiating members 32, 33
and 34, respectively, they each have unequal, or unlike,
dimensions and surface areas and they are each wider than
the narrow radiating strip 41. The narrow radiating strip 41,
first radiating member 42, second radiating member 43 and
third radiating member 44 are all positioned on a dielectric
substrate 46, which, in turn, is stacked on a ground plane, not
shown in this drawing that is functionally equivalent to the
FIG. 2 ground plane. A connector pin 47 that is positioned
on the narrow radiating strip 41 projects downward through
the dielectric substrate 46 and ground plane and causes the
narrow radiating strip 41 to short. The first, second and third
unlike radiating members 42, 43 and 44, respectively, are
separated by gaps 48 that begin in the vicinity of connector
pin 47, extend through the junction 45 and terminate
orthogonally at the second radiating member 43. The narrow
radiating strip 41 forms the front edge 49 that partially
covers the dielectric substrate 46 and ground plane, opposes
the second radiating member 43 and terminates at the
connector pin 47.

Many of the variations to the dual band embodiment of
this invention apply equally to this embodiment. Other
variations include the use of non-rectangular radiating mem-
bers.

Referring now to FIG. 5, there is depicted a top view of
the quad band embodiment of the multiple band electrically
small compact planar microstrip antenna of the present
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invention. The quad band electrically small compact planar
microstrip antenna 50 of the present invention, comprises a
narrow radiating strip 51 connected to a first radiating
member 52, a second radiating member 53, a third radiating
member 54 and a fourth radiating member 55 at the junction
56. Based upon the relative sizes of the first, second, third
and fourth radiating members 52-55, respectively, they all
have unequal, or unlike, dimensions and surface areas and
they are each wider than the narrow radiating strip 51. The
narrow radiating strip 51, first, second, third and fourth
unlike radiating members 52-55, respectively, are all posi-
tioned on a dielectric substrate 57, which in turn, is stacked
on a ground plane, not shown in this drawing, which is
functionally equivalent to the FIG. 2 ground plane. A
connector pin 58 that is located on the narrow radiating strip
51 projects downward through the dielectric substrate 57
and ground plane and causes the narrow radiating strip 51 to
short. The first, second, third and fourth unlike radiating
members 52-55, respectively, are separated by gaps 59 that
begin in the vicinity of the connector pin 58, extend through
the junction 56 and either terminate orthogonally at the third
and fourth radiating members 53 and 54 or extend in
between the third and fourth radiating members 53 and 54.
The narrow radiating strip 51 forms front edge 60 that
partially covers the dielectric substrate 57 and ground plane,
opposes the second and third radiating members 53 and 54
and terminates at the connector pin 58.

Many of the variations to the dual band and triple band
embodiments of this invention also apply to this embodi-
ment, including the use of non-rectangular radiating mem-
bers.

The present invention also encompasses methods for
abbreviating antenna size for an antenna in the VHF and
UHF regions with a multiple band electrically small planar
microstrip antenna, comprising the steps of positioning a
narrow radiating strip and a group of radiating members on
a microstrip dielectric substrate, the group of radiating
members being formed with a set of unequal, or unlike,
dimensions and a greater width than the narrow radiating
strip, stacking the microstrip dielectric substrate on a ground
plane; connecting the narrow radiating strip and radiating
members at a junction, the antenna having an original length
and an effective impedance at the junction; configuring each
unlike radiating member with a rear edge opposing the
junction; separating the unlike radiating members with at
least one gap therebetween that begins in the vicinity of the
connector pin and extends through the junction; projecting a
connector pin downward through the narrow radiating strip
and dielectric substrate to the ground plane; and shorting the
narrow radiating strip. Other method steps are folding the
narrow radiating member downward to partially cover the
dielectric substrate and ground plane to form a front edge
opposing the rear edges, the narrow radiating strip termi-
nating at the connector pin; decreasing the effective imped-
ance by connecting the narrow radiating strip and unlike
radiating members at the junction, which results in a reduced
impedance allowing the original length to be abbreviated;
and providing a distinct resonant frequency in the VHF and
UHEF regions based upon the unlike radiating members being
unequally dimensioned.

These embodiments of the present invention are intended
to be illustrative and not limiting with respect to the variety
of possible embodiments. It is to be further understood that
other features and modifications to the foregoing detailed
description of the estimating methods and devices are all
considered to be within the contemplation of the present
invention, which is not limited by this detailed description.
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Those skilled in the art will readily appreciate that any
number of configurations of the present invention and
numerous modifications and combinations of materials,
components, geometrical arrangements and dimensions can
achieve the results described herein, without departing from
the spirit and scope of this invention. Accordingly, the
present invention should not be limited by the foregoing
description, but only by the appended claims.

What I claim is:

1. A multiple band electrically small compact planar
microstrip antenna, comprising:

a narrow radiating strip and a plurality of unlike radiating
members are positioned on a microstrip dielectric sub-
strate;

each of said plurality of unlike members having a set of
unequal dimensions and a greater width than said
narrow radiating strip;

said microstrip dielectric substrate being stacked on a
ground plane;

said narrow radiating strip and said plurality of unlike
radiating members being connected at a junction;

said antenna having an original length and an effective
impedance at said junction;

each of said plurality of unlike radiating members being
configured with a rear edge opposing said junction and
being separated by at least one gap therebetween;

a connector pin, projecting downward through said nar-
row radiating strip and said dielectric substrate to said
ground plane, shorts said narrow radiating strip;

said narrow radiating strip, being folded downward to
partially cover said dielectric substrate and said ground
plane forms a front edge opposing said rear edges,
terminates at said connector pin; and

said effective impedance being decreased by said narrow
radiating strip and said plurality of unlike radiating
members being connected at said junction, results in a
reduced impedance allowing said original length to be
decreased to an abbreviated length, and each of said
plurality of unlike radiating members, having said set
of unequal dimensions, provides a distinct resonant
frequency in the VHF and UHF regions.

2. The multiple band electrically small compact planar
microstrip antenna, as recited in claim 1, further comprising
said at least one gap begins in the vicinity of said connector
pin and extends through said junction.

3. The multiple band electrically small compact planar
microstrip antenna, as recited in claim 2, further comprising
said plurality of unlike radiating members being rectangu-
larly shaped.

4. The multiple band electrically small compact planar
microstrip antenna, as recited in claim 3, wherein said
plurality of unlike radiating members are two unlike radi-
ating members.

5. The multiple band electrically small compact planar
microstrip antenna, as recited in claim 4, further comprising
said at least one gap being a longitudinal gap that terminates
at said rear edges.

6. The multiple band electrically small compact planar
microstrip antenna, as recited in claim 3, wherein said
plurality of unlike radiating members are three unlike radi-
ating members.

7. The multiple band electrically small compact planar
microstrip antenna, as recited in claim 6, further comprising
said at least one gap being two “L” shaped gaps separating
said three unlike radiating members.
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8. The multiple band electrically small compact planar
microstrip antenna, as recited in claim 3, wherein said
plurality of unlike radiating members are four unlike radi-
ating members.

9. The multiple band electrically small compact planar
microstrip antenna, as recited in claim 8, further comprising:

said at least one gap being a longitudinal gap and two “L”
shaped gaps separating said four unlike radiating mem-
bers; and

said longitudinal gap terminates at said rear edges.

10. The multiple band electrically small compact planar
microstrip antenna, as recited in claim 2, further comprising
said plurality of unlike radiating members being non-rect-
angularly shaped.

11. A dual band electrically small compact planar micros-
trip antenna, comprising:

a narrow radiating strip and a pair of unlike radiating
members are positioned on a microstrip dielectric sub-
strate;

each of said pair of unlike radiating members having a set
of unequal dimensions and a greater width than said
narrow radiating strip;

said microstrip dielectric substrate being stacked on a
ground plane;

said narrow radiating strip and said pair of unlike radiat-
ing members being connected at a junction;

said antenna having an original length and an effective
impedance at said junction;

each of said pair of unlike radiating members being
configured with a rear edge opposing said junction and
being separated by a longitudinal gap therebetween;

a connector pin, projecting downward through said nar-
row radiating strip and said dielectric substrate to said
ground plane, shorts said narrow radiating strip;

said narrow radiating strip, being folded downward to
partially cover said dielectric substrate and said ground
plane forms a front edge opposing said rear edges,
terminates at said connector pin; and

said effective impedance being decreased by said narrow
radiating strip and said pair of unlike radiating mem-
bers being connected at said junction, results in a
reduced impedance allowing said original length to be
decreased to an abbreviated length, and each of said
pair of unlike radiating members, having said set of
unequal dimensions, provides a distinct resonant fre-
quency in the VHF and UHF regions.

12. The dual band electrically small compact planar
microstrip antenna, as recited in claim 11, further compris-
ing said longitudinal gap begins in the vicinity of said
connector pin, extends through said junction and terminates
at said rear edges.

13. The dual band electrically small compact planar
microstrip antenna, as recited in claim 12, further compris-
ing said pair of unlike radiating members being rectangu-
larly shaped.

14. The dual band electrically small compact planar
microstrip antenna, as recited in claim 12, further compris-
ing said pair of unlike radiating members being non-rect-
angularly shaped.

15. A method for abbreviating antenna size for an antenna
in the VHF and UHF regions with a multiple band electri-
cally small planar microstrip antenna, comprising the steps
of:

positioning a narrow radiating strip and a plurality of
unlike radiating members on a microstrip dielectric
substrate, said plurality of unlike radiating members
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being formed with a set of unequal dimensions and a
greater width than said narrow radiating strip;

stacking said microstrip dielectric substrate on a ground
plane;

connecting said narrow radiating strip and said plurality

of unlike radiating members at a junction, said antenna
having an original length and an effective impedance at
said junction;
configuring each of said plurality of unlike radiating
members with a rear edge opposing said junction;

separating said plurality of unlike radiating members with
at least one gap therebetween, said at least one gap
beginning in the vicinity of said connector pin and
extending through said junction;

projecting a connector pin downward through said narrow

radiating strip and said dielectric substrate to said
ground plane;
shorting said narrow radiating strip;
folding said narrow radiating strip downward to partially
cover said dielectric substrate and said ground plane to
form a front edge opposing said rear edges, said narrow
radiating strip terminating at said connector pin;

decreasing said effective impedance, by connecting said
narrow radiating strip and said plurality of unlike
radiating members at said junction, results in a reduced
impedance allowing said original length to be abbre-
viated; and

providing a distinct resonant frequency in said VHF and

UHF regions based upon each of said plurality of
unlike radiating members having said set of unequal
dimensions.

16. The method for abbreviating antenna size for the
antenna in the VHF and UHF regions with the multiple band
electrically small planar microstrip antenna, as recited in
claim 15, further comprising the step of forming said plu-
rality of unlike radiating members in a rectangular shape.
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17. The method for abbreviating antenna size for the
antenna in the VHF and UHF regions with the multiple band
electrically small planar microstrip antenna, as recited in
claim 16, wherein:

said plurality of unlike radiating members are two unlike

radiating members; and

said at least one gap is a longitudinal gap that terminates

at said rear edges.

18. The method for abbreviating antenna size for the
antenna in the VHF and UHF regions with the multiple band
electrically small planar microstrip antenna, as recited in
claim 16, wherein:

said plurality of unlike radiating members are three unlike

radiating members; and

said at least one gap is two “L” shaped gaps separating

said three unlike radiating members.

19. The method for abbreviating antenna size for the
antenna in the VHF and UHF regions with the multiple band
electrically small planar microstrip antenna, as recited in
claim 16, wherein:

said plurality of unlike radiating members are four unlike

radiating members;

said at least one gap is a longitudinal gap and two “L”

shaped gaps separating said four unlike radiating mem-
bers; and

said longitudinal gap terminates at said rear edges.

20. The method for abbreviating antenna size for the
antenna in the VHF and UHF regions with the multiple band
electrically small planar microstrip antenna, as recited in
claim 15, further comprising the step of forming said plu-
rality of unlike radiating members to be non-rectangularly
shaped.
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RESONANCE FREQ.
STATE| SW1 SW2 SW3 |LENGTHL £ [Mz]
1 OFF OFF OFF 6 cm 1,250
2 ON OFF OFF 7 cm 1,071
3 ON ON OFF 8 cm 938
4 ON ON ON 9 cm 833
VSWR
: : : —_—
833 938 1,071 1,250 FREQUENCY
- — [MHz]
FREQUENCY RANGE

FIG. 10
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ANTENNA APPARATUS INCLUDING
INVERTED-F ANTENNA HAVING VARIABLE
RESONANCE FREQUENCY

FIELD OF THE INVENTION

The present invention relates to an antenna apparatus, and
more particularly to an information processing apparatus
having an inverted-F antenna.

BACKGROUND OF THE INVENTION

Some current desktop personal computers include respec-
tive television tuner cards. Typically, such a tuner card is
connected via a coaxial cable to an antenna for receiving
terrestrial broadcast signals and an antenna dish for receiv-
ing satellite broadcast signals, both of which are mounted on
a rooftop.

For these several years, mobile apparatuses, such as
notebook personal computers (PCs) and personal digital
assistants (PDAs), having the capabilities of performing
wireless communications via respective small size antennas
coupled to the apparatuses, such as the wireless LAN
communications, the Bluetooth standard short distance wire-
less communications and the mobile telephone communica-
tions, have been spreading widely. Such mobile apparatuses,
however, cannot receive the current terrestrial analog tele-
vision signals in good condition with respective small anten-
nas coupled to the apparatuses. Thus most mobile appara-
tuses do not include television tuner cards. In the future,
however, when terrestrial digital television broadcasting
becomes available in Japan, such mobile apparatuses will be
able to receive, with respective small antennas, relatively
high quality RF signals with carriers modulated with digital
image signals. Thus it is expected that, in the future, many
mobile apparatuses will have a capability of receiving
terrestrial digital television broadcast signals.

In general, however, RF signals of a plurality of terrestrial
television broadcasts exhibit lower frequencies and a wider
frequency range than those of the wireless LAN communi-
cations and other short distance wireless communications.
Transmission and reception of RF signals of a plurality of
terrestrial television broadcasts require a relatively large size
antenna, which cannot be accommodated in a mobile appa-
ratus.

Japanese Patent Application Laid-Open Publication (JP-
A) No. HEI 11-251825 discloses a small inverted-F antenna
which can be accommodated in a small mobile communi-
cation apparatus. This inverted-F antenna has an antenna
length equal to one quarter of the wavelength A of the
transmitted and received RF signal, and is suitable for
implementing in a mobile communication apparatus. The
inverted-F antenna is associated with a resonant circuit for
controlling radiator length in accordance with the frequency
and also a resonant circuit for controlling the distance
between the feed point and the ground in accordance with
the frequency.

Typically, in the inverted-F antenna, a variable capaci-
tance diode is employed for a resonant circuit to control its
resonance frequency. However, the typical range of tuning
capacitance of such a variable capacitor is relatively small.
Widening the range of variable capacitance requires an
undesirable relatively high control voltage to be applied to
the capacitor.

Japanese Patent Application Laid-Open Publication (JP-
A) No. HEI 10-284919 discloses a small antenna apparatus
for a mobile communication unit for transmitting and receiv-
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ing a wide range of RF signals. This antenna apparatus
includes the antenna proper and a frequency tuning circuit.
The tuning circuit includes an arrangement formed by a
diode and a capacitor coupled in parallel. The resonance
frequency of the antenna is varied by controlling the on/off
operation of the diode.

The inventors have recognized the need for an inverted-F
antenna, which has a variable capacitor controllable with a
relatively low control voltage, and which has a wider
frequency range for receiving RF signals of a plurality of
terrestrial broadcasts.

An object of the present invention is to provide an
inverted-F antenna that has a wider frequency range.

Another object of the invention is to provide tuning of a
resonance frequency of an inverted-F antenna with a wider
frequency range.

SUMMARY OF THE INVENTION

In accordance with an aspect of the present invention, an
antenna apparatus includes an inverted-F antenna having at
least two antenna conductive elements coupled in series via
at least one switch, and control means for controlling the at
least one switch.

In accordance with another of the invention, an antenna
apparatus includes an inverted-F antenna having at least two
antenna conductive elements to be coupled in series via at
least one resonant circuit.

In accordance with a further aspect of the invention, an
information processing apparatus includes a plurality of
such antenna apparatuses, and means for selecting one of the
plurality of antenna apparatuses.

In accordance with a still further aspect of the invention,
an information processing apparatus includes a plurality of
such antenna apparatuses. The plurality of antenna appara-
tuses are oriented in respective different directions.

In accordance with a still further aspect of the invention,
an information processing apparatus includes such an
antenna apparatus, and channel changing means for control-
ling said antenna apparatus in accordance with receiving
channel information provided by a user.

According to the invention, an inverted-F antenna that has
a wider frequency range can be provided.

Throughout the drawings, similar symbols and numerals
indicate similar items and functions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a partially cutaway perspective view illus-
trating a mobile information processing apparatus, such as a
notebook personal computer or a PDA, in accordance with
an embodiment of the present invention;

FIG. 2 illustrates the configuration of an inverted-F
antenna and its associated components, which can be used
for the inverted-F antennas shown in FIG. 1, in accordance
with an embodiment of the invention;

FIG. 3 illustrates the configuration of an inverted-F
antenna and its associated components which can be used
for the inverted-F antennas shown in FIG. 1, in accordance
with another embodiment of the invention;

FIG. 4 shows a table representing the relationship of the
resonance frequency of the inverted-F antenna relative to the
positions of the switches in the switching and tuning units,
and the values of the impedance of the LC resonant circuits
containing the variable capacitors;
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FIG. 5 shows the tuning ranges of the resonance fre-
quency and the VSWR in accordance with the embodiment
of FIG. 3;

FIG. 6 illustrates the configuration of an inverted-F
antenna and its associated components which can be used
for the inverted-F antennas shown in FIG. 1, in accordance
with a further embodiment of the invention;

FIG. 7 shows a table representing the relationship of the
resonance frequency of the inverted-F antenna relative to the
positions of the switches in the switching and tuning units,
and the values of the impedance of the LC resonant circuits
containing the variable capacitors;

FIG. 8 illustrates the configuration of the inverted-F
antennas shown in FIG. 1 and their associated components,
in accordance with a still further embodiment of the inven-
tion;

FIG. 9 shows the relationship between the variable effec-
tive length and the resonance frequency for the inverted-F
antennas shown in FIG. 8; and

FIG. 10 shows the relationship between the VSWR and
the resonant frequencies shown in FIG. 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a partially cutaway perspective view illus-
trating a mobile information processing apparatus or device
10, such as a notebook personal computer (PC) or a PDA, in
accordance with an embodiment of the present invention.
The information processing apparatus 10 includes an
inverted-F antenna 52 disposed within a display housing 20
and in a horizontal direction and substantially along the
upper side of a display 22 accommodated within a display
housing 20, and another inverted-F antenna 54 disposed
within the display housing 20 and in a vertical direction and
substantially along the left side of the display 22. The
information processing apparatus 10 further includes a fur-
ther inverted-F antenna 56 disposed within a main unit
housing 30 and in a horizontal direction and substantially
along the left side of a keyboard 32. The three inverted-F
antennas 52, 54 and 56 are arranged so that they are oriented
substantially perpendicular to each other when the display
housing 20 is opened with its display surface making an
angle of 90 degrees with the keyboard surface of the main
unit housing 30. The three inverted-F antennas 52, 54 and 56
coupled in parallel to the ground. The three inverted-F
antennas 52, 54 and 56 are provided for diversity, such as
polarization, frequency, space or angle diversity. The
inverted-F antennas 52, 54 and 56 can be used for trans-
mission as well as for reception.

FIG. 2 illustrates the configuration of an inverted-F
antenna 500 and its associated components, which can be
used for the inverted-F antennas 52, 54 and 56 shown in
FIG. 1, in accordance with an embodiment of the invention.
The inverted-F antenna 500 includes: an inverted F-shaped
main conductive element 502 for RF signal radiation and
reception; elongated rectangular conductive elements 506
and 508 located at intermediate positions of the antenna 500
and an elongated rectangular conductive element 510
located at a distal end of the antenna 500; and a grounding
metal conductor 518. The conductive elements 506-510 are
coupled in series to the element 502 and used for radiation
and reception of RF electromagnetic waves. The elements
502, 506, 508 and 510 are mounted as a formed plate on a
printed circuit board 400 or formed as strip lines on it. The
inverted-F antenna further includes switching units 602, 604
and 606 which are mounted on the printed circuit board 400
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and used for tuning or adjusting the effective length L or the
resonance frequency f of the antenna 500.

The inverted F-shaped main element 502 is made up of a
long narrow segment 504, a short base segment 512 branch-
ing out downward and substantially vertically from one end
of the segment 504 and connected at a ground point GP to
the grounding conductor 518, and a short feeder segment
514 branching out downward and substantially vertically
from the segment 504 at an intermediate point between the
two ends thereof, and separated or spaced from the ground-
ing conductor 518. The segment 504 and the elements 506,
508 and 510 are arranged in a substantially straight line,
extending substantially parallel to the upper edge of the
grounding conductor 518 that is closer to element 502. The
feeder element 514 is coupled at its end or feed point FP to
a feeder line or RF signal line 520, such as a coaxial cable.

The switching unit 602 is coupled between the other end
of the segment 504 and one end of the element 506. The
switching unit 604 is coupled between the other end of the
element 506 and one end of the element 508. The switching
unit 606 is coupled between the other end of the element 508
and one end of the element 510.

The effective length L of the inverted-F antenna 500 is
represented by the sum of the combined lengths of the
segments 512 and 504 of the element 502 and the combined
lengths of the elements 506 to 510 electrically coupled to the
element 502. The length of each of the elements 504 to 514
is typically in the order of about 1 cm to about 10 cm. The
switching units 602, 604 and 606 are shown exaggerated in
size for illustrative purposes, but actually they are much
smaller in dimensions or in size than the elements 502 and
506 to 510, and each of dimensions of the switching units is
about one to a few milli-meters for example.

The shapes of the elements 502, 506, 508 and 510 of the
antenna 500 and possibly their associated inductance and
capacitance are adjusted so that the voltage standing wave
ratio (VSWR) (=(1+Irl)/(1-Itl), where r represents the com-
plex voltage reflection coefficient) of the RF signal on the
feeder element 514 becomes equal to an appropriate value,
for example, two (2). When the antenna 500 is completely
matched to the feeder line 520 in terms of impedance, the
value of VSWR is one (1). When the value of VSWR is
made somewhat larger than one, the quality of the RF signal
is degraded somewhat, but the range of resonance frequen-
cies of the antenna 500 becomes wider.

The information processing apparatus 10 further includes
a signal processor 302, an RF tuner 304 and a control
decoder 306. The signal processor 302 may be a processor
generally used in personal computers and the like, which
includes a CPU, a ROM, a RAM and the like. The signal
processor 302 is coupled to the RF tuner 304 and the control
decoder 306. The RF tuner 304 is coupled to the feeder line
520. The control decoder 306 is coupled to the switching
units 602 to 606 of the antenna 500.

The signal processor 302 provides data representative of
a channel identification or a channel number to the RF tuner
304, and also provides, to the control decoder 306, a control
signal for tuning the resonance frequency f of the antenna
500 that corresponds to the channel identification. The
control decoder 306 decodes the control signal to generate
further control signals suitable for controlling the switching
units 602 to 606, and provide the thus generated ON/OFF
control signals SC1, SC2 and SC3 to the respective switch-
ing units 602 to 606. The control signal provided to the
control decoder 306 may contain ON/OFF control instruc-
tions for the respective switching units 602 to 606. Alter-
natively, the control decoder 306 may receive the channel
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identification as the control signal, and decode the channel
identification to generate the further control signals suitable
for controlling the switching units 602 to 606.

In response to the control signal SC1, the switching unit
602 couples or decouples the element 502 to or from the
element 506 to thereby determine the effective length L or
the resonance frequency f of the antenna 500. In response to
the control signal SC2, the switching unit 604 further
couples or decouples the element 506 to or from the element
508 to thereby determine the effective length L. or the
resonance frequency f of the antenna 500. In response to the
control signal SC3, the switching unit 606 further couples or
decouples the element 508 to or from the element 510 to
thereby determine the effective length L or the resonance
frequency f of the antenna 500. The units 602 to 606 are
single-pole single-throw switches.

When the switching unit 602 is in an OFF state, the
effective length L of the antenna 500 is the sum of the length
L1 of the segment 512 and the length [.2 of the segment 504,
i.e., the antenna length [L141.2 of the main conductive
element 502. When the switching unit 602 is in an ON state
and the switching unit 604 is in an OFF state, the effective
length L. of the antenna 500 is the sum of the length L1+[.2
of the element 502 and the length L3 of the element 506.
When the switching units 602 and 604 are in ON states and
the switching unit 606 is in an OFF state, the effective length
L of the antenna 500 is the sum of the length I.1 +L.2 of the
element 502, the length [.3 of the element 506 and the length
L4 of the element 508. When the switching units 602 to 606
are in ON states, the effective length L of the antenna 500 is
the sum of the length [.1+L.2 of the element 502, the length
L3 of the element 506, the length [.4 of the element 508 and
the length L5 of the element 510. The transmission/reception
frequency band of the antenna 500 can be varied in this
manner. The effective length L of the antenna 500 is approxi-
mately equal to one quarter of the wavelength A of the
transmitted or received RF signal.

In accordance with the embodiment of FIG. 2, a small
inverted-F antenna having a wider frequency range can be
provided using simple digital circuitry for turning the
switches on and off.

FIG. 3 illustrates the configuration of an inverted-F
antenna 700 and its associated components which can be
used for the inverted-F antennas 52, 54 and 56 shown in
FIG. 1, in accordance with another embodiment of the
invention. The inverted-F antenna 700, similarly to the one
shown in FIG. 2, includes the inverted F-shaped main
conductive element 502, the elongated rectangular conduc-
tive elements 506, 508 and 510, and the grounding metal
conductor 518. The inverted-F antenna 700 further includes
switching and tuning units 612, 614 and 616 for tuning the
effective length L or the resonance frequency f of the
antenna 700, and a further conductive segment 516 contain-
ing an impedance or resonance frequency tuning unit 651 for
matching the impedance of the antenna 700 to that of the
feeder line 520, for example 50€2.

The switch SW1 in the unit 612 takes one of three
positions, i.e., the position of a bypass or short-circuiting
terminal al coupled to the element 506, the position of a
terminal b1 coupled to an L.C resonant circuit which in turn
is coupled to the element 506, and the position of a neutral
state nl1 which is the OFF state in which a pole of the switch
SWI1 is coupled to neither of the terminals al and b1. That
is, the switch SW1 is a single-pole double-throw switch
having the neutral position. The terminal al is provided for
coarse tuning of the effective length L. or the resonance
frequency f of the antenna 700. The L.C resonant circuit is
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formed by an inductor [.11 and a variable capacitor C11
coupled in series, and is provided for fine tuning of the
effective length L or the resonance frequency f. Generally,
the impedance of an inductor and a variable capacitor
coupled in series takes a minimum value at the resonance
frequency.

Similarly, the switch SW2 in the unit 614 takes one of
three positions, i.e., the position of a terminal a2 coupled to
the element 508, the position of a terminal b2 coupled to an
LC resonant circuit which in turn is coupled to the element
508, and the position of a neutral state n2 which is the OFF
state in which a pole of the switch SW2 is coupled to neither
of the terminals a2 and b2. The terminal a2 is provided for
coarse tuning of the effective length L. or the resonance
frequency f of the antenna 700. The L.C resonant circuit is
formed by an inductor .12 and a variable capacitor C12
coupled in series, and is provided for fine tuning of the
effective length L or the resonance frequency f.

Similarly, the switch SW3 in the unit 616 takes one of
three positions, i.e., the position of a terminal a3 coupled to
the element 510, the position of a terminal b3 coupled to an
LC resonant circuit which in turn is coupled to the element
510, or the position of a neutral state n3 which is the OFF
state in which a pole of the switch SW3 is coupled to neither
of the terminals a3 and b3. The terminal a3 is provided for
coarse tuning of the effective length L. or the resonance
frequency f of the antenna 700. The L.C resonant circuit is
formed by an inductor .13 and a variable capacitor C13
coupled in series, and is provided for fine tuning of the
effective length L or the resonance frequency f.

The conductive segment 516 of the inverted F-shaped
main element 502 branches out substantially vertically from
the segment 504 at a position intermediate between the
segments 512 and 514, and is connected to the grounding
conductor 518. The tuning unit 651 is disposed halfway in
the conductive segment 516 between its two separated
portions, i.e., one separated segment portion connected to
the segment 504 and the other separated segment portion
connected to the grounding conductor 518. Thus the tuning
unit 651 is coupled in series to the segment 516. The tuning
unit 651 includes an L.C resonant circuit which is formed by
an inductor [.01 and a variable capacitor C01 coupled in
series. The tuning unit 651 is provided so as to match the
impedance of the antenna 700 to that of the feeder line 520
when the resonance frequency is tuned by the units 612 to
616, and thus to prevent impedance mismatch from occur-
ring and from causing VSWR to vary when the resonance
frequency is tuned by the units 612 to 616.

The switches SW1 to SW3, inductors L11 to 113, and
variable capacitors C11 to C13 in the respective units 612,
614 and 616, as well as the inductor LO1 and variable
capacitor C01 in the unit 651, are shown exaggerated in size
for illustrative purposes, but actually they are much smaller
in dimensions or size than the elements 502 and 506 to 510,
and each of dimensions of the inductors and capacitors is
about one to a few millimeters for example.

The signal processor 302, similarly to the one shown in
FIG. 2, provides data representative of a channel identifi-
cation to the RF tuner 304, and also provides, to the control
decoder 306, a control signal for tuning the resonance
frequency f of the antenna 700 that corresponds to the
channel identification. The control decoder 306 decodes the
control signal to generate further control signals suitable for
controlling the units 612 to 651, and provide the thus
generated digital ON/OFF control signals SC1, SC2 and
SC3 and also analog variable capacitor control voltage
signals CS1 to CS3 and CS0 to the respective units 612 to
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651. The control decoder 306 includes a digital-analog
converter for generating the control signals CS1 to CS3 and
CS0. The control signal provided to the control decoder 306
may include ON/OFF control instructions for the respective
switching units 612 to 616. Alternatively, the control
decoder 306 may receive the channel identification as the
control signal, and decode the channel identification to
generate the further control signals suitable for controlling
the units 612 to 651.

In response to the control signal SC1, the unit 612
coarsely tunes the effective length L. or the resonance
frequency f of the antenna 700, by coupling the switch SW1
to the position of the terminal al or b1 or the position of the
OFF state nl to thereby couple the element 502 to the
element 506 or to the L.C resonant circuit formed by the
devices [.11 and C11 coupled to the element 506 or decouple
the element 502 from them. When the switch SW1 is placed
on the terminal b1, the unit 612 finely tunes the effective
length L. or the resonance frequency f of the antenna 700 in
response to the analog control signal CS1, by controlling the
variable capacitance of the variable capacitor C11 to thereby
finely tune the resonance frequency of the LC resonant
circuit.

Similarly, the unit 614 coarsely tunes the effective length
L or the resonance frequency f of the antenna 700 in
response to the control signal SC2, by coupling the switch
SW2 to the position of the terminal a2 or b2 or the position
of'the OFF state n2 to thereby couple the element 506 to the
element 508 or to the L.C resonant circuit formed by the
elements [.12 and C12 coupled to the element 508, or
decouple the switch SW2 from them. When the switch SW2
is placed on the terminal b2, the unit 614 finely tunes the
effective length L or the resonance frequency f of the
antenna 700 in response to the analog control signal CS2, by
controlling the variable capacitance of the variable capacitor
C12 to thereby finely tune the resonance frequency of the LC
resonant circuit.

Similarly, the unit 616 coarsely tunes the effective length
L or the resonance frequency f of the antenna 700 in
response to the control signal SC3, by coupling the switch
SW3 to the position of the terminal a3 or b3 or the position
of'the OFF state n3 to thereby couple the element 508 to the
element 510 or to the L.C resonant circuit formed by the
elements [.13 and C13 coupled to the element 510, or
decouple the element 508 from them. When the switch SW3
is placed on the terminal b3, the unit 616 finely tunes the
effective length L or the resonance frequency f of the
antenna 700 in response to the analog control signal CS3, by
controlling the variable capacitance of the variable capacitor
C13 to thereby finely tune the resonance frequency of the LC
resonant circuit.

In response to the analog control signal CS0, the unit 651
controls the variable capacitance of the variable capacitor
C01 to tune the resonance frequency of the LC resonant
circuit and thereby effectively or virtually vary the distance
between the feed point FP and the ground point GP, to
thereby match the impedance of the antenna 700 to that of
the feeder line 520. The control signal CS0 is predetermined
in accordance with the values of the control signals CS1 to
CS3.

FIG. 4 shows a table representing the relationship of the
resonance frequency f of the inverted-F antenna 700 relative
to the positions of the switches SW1 to SW3 in the switching
and tuning units 612 to 616, and the values Z’s of the
impedance of the LC resonant circuits containing the vari-
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able capacitors C11 to C13, respectively. In the table, the
resonance frequency fincreases substantially monotonically
from f(1) to f(13).

Referring to FIG. 4, in State 1, the switches SW1, SW2
and SW3 select the positions of the terminals al, a2 and a3,
respectively, i.e., the short-circuiting positions. Accordingly,
all of the elements 506 to 510 are coupled to the element 502
of the antenna 700, so that the length L of the antenna 700
becomes the longest (L1+L.2+1.3+L.4+L5). Thus the reso-
nance frequency f becomes the lowest, i.e., f(1).

In States 2 to 4, the switches SW1 and SW2 select the
positions of the terminals al and a2, respectively, while the
switch SW3 selects the position of the terminal b3. Accord-
ingly, the elements 506 and 508 are coupled to the element
502 of the antenna 700, and the L.C resonant circuit formed
by the inductor [.13 and capacitor C13 in the unit 616 is
coupled between the elements 508 and 510.

In State 2, by tuning the capacitance of the capacitor C13
so as to cause the LC resonant circuit to become in the
resonant state, the impedance Z of the L.C resonant circuit is
reduced to almost zero, substantially the same state as State
1. Thus the resonance frequency f becomes f(2)=f(1).

In States 3 and 4, by tuning the capacitance of the
capacitor C13 so as to cause the LC resonant circuit to
become in a non-resonant state, the impedance Z of the LC
resonant circuit is increased and the element 510 is
decoupled from the element 508. Thus the effective length L.
of the antenna 700 is reduced. In this way, the resonance
frequency f of the antenna 700 can be increased to f(3) and
then to f(4). The resonance frequency f(4) when the imped-
ance Z is the largest is approximately equal to the resonance
frequency f(5) when the switch SW3 is in the OFF state
(State 5).

In State 5, the switches SW1 and SW2 select the positions
of the terminals al and a2, respectively, while the switch
SW3 selects the OFF position. Accordingly, the elements
506 and 508 are coupled to the element 502 of the antenna
700, so that the length L. of the antenna 700 is L1+L.2+[.3+
L4. Thus the resonance frequency f becomes f(5).

In States 6 to 8, the switch SW1 selects the position of the
terminal al, the switch SW2 selects the position of the
terminal b2, and the switch SW3 selects the OFF position.
Accordingly, the element 506 is coupled to the element 502
of the antenna 700, and the L.C resonant circuit formed by
the inductor [.L12 and capacitor C12 in the unit 614 is
coupled between the elements 506 and 508.

In State 6, by tuning the capacitance of the capacitor C12
so as to cause the LC resonant circuit to become in the
resonant state, the impedance Z of the L.C resonant circuit is
reduced to almost zero, substantially the same state as State
5. Thus the resonance frequency f becomes f(6)=f(5).

In States 7 and 8, by tuning the capacitance of the
capacitor C12 so as to cause the LC resonant circuit to
become in a non-resonant state, the impedance Z of the LC
resonant circuit is increased, to thereby decouple the element
508 from the element 506 and reduce the effective length L.
of'the antenna 700. In this way, the resonance frequency f of
the antenna 700 can be increased to f(7) and then to {(8). The
resonance frequency f(8) when the impedance Z is the
largest is approximately equal to the resonance frequency
f(9) when the switch SW2 is in the OFF state (State 9).

In State 9, the switch SW1 selects the position of the
terminal al, while each of the switches SW2 and SW3
selects the OFF position. Accordingly, the element 506 is
coupled to the element 502 of the antenna 700, so that the
length L. of the antenna 700 is L1+[.2 +L3. Thus the
resonance frequency f becomes f(9).
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In States 10 to 12, the switch SW1 selects the position of
the terminal b1, while each of the switches SW2 and SW3
selects the OFF position. Accordingly, the L.C resonant
circuit formed by the inductor L.11 and capacitor C11 in the
unit 602 is coupled between the elements 502 and 506.

In State 10, by tuning the capacitance of the capacitor C11
so as to cause the LC resonant circuit to become in the
resonant state, the impedance Z of the L.C resonant circuit is
reduced to almost zero, substantially the same state as State
9. Thus the resonance frequency f becomes f(10).

In States 11 and 12, by tuning the capacitance of the
capacitor C11 so as to cause the L.C resonant circuit to
become in a non-resonant state, the impedance Z of the LC
resonant circuit is increased, to thereby decouple the element
506 from the element 502 and reduce the effective length L.
of'the antenna 700. In this way, the resonance frequency f of
the antenna 700 can be increased to f(11) and then f(12). The
resonance frequency f(12) when the impedance Z is the
largest is equal to the resonance frequency f(13) when the
switch SW1 is in the OFF state (State 13).

In State 13, each of the switches SW1, SW2 and SW3
selects the OFF position. Accordingly, the antenna 700
includes only the element 502, so that the length L. of the
antenna 700 is L1+[.2. Thus the resonance frequency f
becomes a maximum value, i.e., f(13).

The resonance frequency f(2) is approximately equal to
f(1), and the resonance frequency f(4) is approximately
equal to f(5). Thus, in the unit 612, the terminal al may be
eliminated so that the switch SW1 takes either the position
of the terminal bl or the position of the OFF state nl, the
position of the OFF state n1 may be eliminated so that the
switch SW1 takes either one of the positions of the terminals
al and b1, or the switch SW1 and the terminal al may be
eliminated and the other end of the segment 504 may be
coupled permanently or fixedly to the terminal b1.

Similarly, the resonance frequency f(6) is approximately
equal to f(5), and the resonance frequency f(8) is approxi-
mately equal to f(9). Thus, in the unit 614, the terminal a2
may be eliminated so that the switch SW2 takes either the
position of the terminal b2 or the position of the OFF state
n2, the position of the OFF state n2 may be eliminated so
that the switch SW2 takes either one of the positions of the
terminals a2 and b2, or the switch SW2 and the terminal a2
may be eliminated and the other end of the element 506 may
be coupled permanently to the terminal b2.

Similarly, the resonance frequency f(10) is approximately
equal to f(9), and the resonance frequency f(12) is approxi-
mately equal to f(13). Thus, in the unit 616, the terminal a3
may be eliminated so that the switch SW3 takes either the
position of the terminal b3 or the position of the OFF state
n3, the position of the OFF state n3 may be eliminated so
that the switch SW3 takes either one of the positions of the
terminals a3 and b3, or the switch SW3 and the terminal a3
may be eliminated and the other end of the element 508 may
be coupled permanently to the terminal b3.

In this way, the switches SW1, SW2 and SW3 and the
variable capacitors C11 to C13 in the respective LC resonant
circuits are controlled, and thereby the resonance frequency
f of the antenna 700 can be varied over the range of f(1) to
f(13). Thus a wide frequency tuning range can thus be
obtained.

The values of the inductors .11 to [.13 and the capacitors
C11 to C13 are determined so that the relation among
variable resonance frequencies f),>f,>f,; is established,
where f,, represents the variable resonance frequency of the
LC resonant circuit formed by the inductor [.11 and capaci-
tor C11, f,, represents the variable resonance frequency of
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the LC resonant circuit formed by the inductor L.12 and
capacitor C12, and f,, represents the variable resonance
frequency of the L.C resonant circuit formed by the inductor
13 and capacitor C13.

When proper impedance matching of the antenna 700
cannot be achieved by controlling the switches SW1, SW2
and SW3 and the variable capacitors C11 to C13 in the
respective LC resonant circuits, and consequently the
VSWR increases undesirably, the unit 651 optimizes the
impedance matching of the antenna 700 by controlling the
variable capacitance of the variable capacitor C01 in
response to the control signal CS0 to thereby effectively or
virtually vary the distance from the feed point FP to the
ground point GP. Alternatively, in place of the unit 651, a
plurality of L.C resonant circuits containing switches and
coupled in series, which are similar to those of the units 612
to 616, may be coupled in series with the segment 516, and
the tuning range for impedance matching may be expanded
by controlling them in the same manner as the units 612 to
616.

FIG. 5 shows the tuning ranges of the resonance fre-
quency fand the VSWR in accordance with the embodiment
of FIG. 3.

FIG. 6 illustrates the configuration of an inverted-F
antenna 800 and its associated components which can be
used for the inverted-F antennas 52, 54, and 56 shown in
FIG. 1, in accordance with a further embodiment of the
invention. The inverted-F antenna 800, similarly to the one
shown in FIGS. 2 and 3, includes the inverted F-shaped main
conductive element 502, the elongated rectangular conduc-
tive elements 506, 508 and 510, and the grounding metal
conductor 518. The inverted-F antenna 800 further includes
switching and tuning units 622, 624 and 626 for tuning the
effective length L or the resonance frequency f of the
antenna 800, and a further conductive segment 516 contain-
ing an impedance or resonance frequency tuning unit 652 for
matching the impedance of the antenna 800 to that of the
feeder line 520.

The units 622, 624, 626 and 652 have configurations
similar to those of the corresponding units 612, 614, 616 and
651 shown in FIG. 6, except that each L.C resonant circuit is
formed by an inductor and a capacitor coupled in parallel.
Generally, the impedance of an inductor and a variable
capacitor coupled in parallel takes a maximum value at the
resonance frequency.

In the unit 622, an LC circuit for fine tuning, which is
formed by an inductor [.21 and a variable capacitor C21
coupled in parallel, is coupled between the terminal bl and
the element 506. In the unit 624, an LC circuit for fine
tuning, which is formed by an inductor [.22 and a variable
capacitor C22 coupled in parallel, is coupled between the
terminal b2 and the element 508. In the unit 626, an LC
circuit for fine tuning, which is formed by an inductor 1.23
and a variable capacitor C23 coupled in parallel, is coupled
between the terminal b3 and the element 510. The tuning
unit 652 includes an L.C resonant circuit formed by an
inductor [.02 and a variable capacitor C02 coupled in
parallel. Similarly to the unit 651 in FIG. 3, the tuning unit
652 is provided for matching the impedance of the antenna
800 to that of the feeder line 520 when the resonance
frequency is tuned by the units 622 to 626.

FIG. 7 shows a table representing the relationship of the
resonance frequency f of the inverted-F antenna 800 relative
to the positions of the switches SW1 to SW3 in the switching
and tuning units 622 to 626, and the values Z’s of the
impedance of the L.C resonant circuits containing the vari-
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able capacitors C21 to C23, respectively. In the table, the
resonance frequency fincreases substantially monotonically
from f(1) to f(13).

Referring to FIG. 7, similarly to the table shown in FIG.
4, in State 1, the switches SW1, SW2 and SW3 select the
positions of the terminals al, a2 and a3, respectively. In this
state, the length L of the antenna 800 becomes the longest
(L1+L2+L.3+4L4 +L5). Thus the resonance frequency f
becomes the lowest, i.e., f(1).

In States 2 to 4, the switches SW1 and SW2 select the
positions of the terminals al and a2, respectively, while the
switch SW3 selects the position of the terminal b3. Accord-
ingly, the elements 506 and 508 are coupled to the element
502 of the antenna 800, and the LC resonant circuit formed
by the inductor 1.23 and capacitor C23 in the unit 626 is
coupled between the elements 508 and 510.

In States 2 and 3, by tuning the capacitance of the
capacitor C23 so as to cause the LC resonant circuit to
become in a non-resonant state, the impedance Z of the LC
resonant circuit is increased, to thereby decouple the element
510 from the element 508 and reduce the effective length L.
of the antenna 800. Thus the resonance frequency f of the
antenna 800 can be increased to f(2) and then to f(3).

In State 2, by tuning the capacitance of the capacitor C23
so as to cause the LC resonant circuit to become in a
non-resonant state, the impedance Z of the LC resonant
circuit is set to a minimum value, substantially the same
state as State 1. Thus the resonance frequency f becomes
f(2)=f(1).

In State 4, by tuning the capacitance of the capacitor C23
so as to cause the LC resonant circuit to become in the
resonant state, the impedance Z of the L.C resonant circuit is
set to a maximum value, to thereby decouple the element
510 from the element 508. The resonance frequency f(4)
then is approximately equal to the resonance frequency f(5)
when the switch SW3 is in the OFF state (State 5).

In State 5, the switches SW1 and SW2 select the positions
of the terminals al and a2, respectively, while the switch
SW3 selects the OFF position. Accordingly, the elements
506 and 508 are coupled to the element 502 of the antenna
800, so that the length L. of the antenna 800 becomes
L1+1.2+4L.3+L.3. Thus the resonance frequency f becomes
f(5).

In States 6 to 8, the switch SW1 selects the position of the
terminal al, the switch SW2 selects the position of the
terminal b2, and the switch SW3 selects the OFF position.
Accordingly, the element 506 is coupled to the element 502
of the antenna 800, and the L.C resonant circuit formed by
the inductor 1.22 and capacitor C22 in the unit 624 is
coupled between the elements 506 and 508.

In States 6 and 7, by tuning the capacitance of the
capacitor C22 so as to cause the LC resonant circuit to
become in a non-resonant state, the impedance Z of the LC
resonant circuit is increased, to thereby decouple the element
508 from the element 506 and reduce the effective length L.
of the antenna 800. Thus the resonance frequency f of the
antenna 800 can be increased to f(6) and then to f(7).

In State 6, by tuning the capacitance of the capacitor C22
so as to cause the LC resonant circuit to become in a
non-resonant state, the impedance Z of the LC resonant
circuit is set to a minimum, substantially the same state as
State 5. Thus the resonance frequency f becomes f(6)=f(5).

In State 8, by tuning the capacitance of the capacitor C22
so as to cause the LC resonant circuit to become in the
resonant state, the impedance Z of the L.C resonant circuit is
set to a maximum, to thereby decouple the element 508 from
the element 506. The resonance frequency f(8) then is
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approximately equal to the resonance frequency f(9) when
the switch SW2 is in the OFF state (State 9).

In State 9, the switch SW1 selects the position of the
terminal al, while each of the switches SW2 and SW3
selects the OFF position. Accordingly, the element 506 is
coupled to the element 502 of the antenna 800. Thus the
resonance frequency f becomes f(9).

In States 10 to 12, the switch SW1 selects the position of
the terminal b1, while each of the switches SW2 and SW3
selects the OFF position. Accordingly, the L.C resonant
circuit formed by the inductor [.21 and capacitor C21 is
coupled between the elements 502 and 506.

In States 10 and 11, by tuning the capacitance of the
capacitor C21 so as to cause the LC resonant circuit to
become in a non-resonant state, the impedance Z of the LC
resonant circuit is increased, to thereby decouple the element
506 from the element 502 and reduce the effective length L.
of the antenna 800. Thus the resonance frequency f of the
antenna 800 can be increased to f{10) and then to f(11).

In State 10, by tuning the capacitance of the capacitor C21
so as to cause the LC resonant circuit to become in a
non-resonant state, the impedance Z of the LC resonant
circuit is set to a minimum value, substantially the same
state as State 1. Thus the resonance frequency f becomes
f(10)=f(9).

In State 12, by tuning the capacitance of the capacitor C21
so as to cause the LC resonant circuit to become in the
resonant state, the impedance Z of the L.C resonant circuit is
set to a maximum value, to thereby decouple the element
506 from the element 502. The resonance frequency f(12)
then is approximately equal to the resonance frequency f(13)
when the switch SW1 is in the OFF state (State 13).

In State 13, each of the switches SW1, SW2 and SW3
selects the OFF position. Accordingly, the resonance fre-
quency f of the antenna 800 becomes a maximum value, i.e.,
f(13).

The values of the inductors [.21 to .23 and the capacitors
C21 to C23 are determined so that the relationship among
the resonance frequencies f,,>f,,>f,; is established, where
f,, represents the variable resonance frequency of the LC
resonant circuit formed by the inductor 1.21 and capacitor
C21, {,, represents the variable resonance frequency of the
LC resonant circuit formed by the inductor 1.22 and capaci-
tor C22, and f,; represents the variable resonance frequency
of the L.C resonant circuit formed by the inductor [.23 and
capacitor C23.

Similarly to the unit in FIG. 3, in the unit 622, the terminal
al may be eliminated so that the switch SW1 takes either the
position of the terminal b1 or the position of the OFF state
nl, the position of the OFF state nl may be eliminated so
that the switch SW1 takes either one of the positions of the
terminals al and b1, or the switch SW1 and the terminal al
may be eliminated and the other end of the segment 504 may
be coupled permanently to the terminal b1.

Similarly, in the unit 624, the terminal a2 may be elimi-
nated so that the switch SW2 takes either the position of the
terminal b2 or the position of the OFF state n2, the position
of the OFF state n2 may be eliminated so that the switch
SW2 takes either one of the positions of the terminals a2 and
b2, or the switch SW2 and the terminal a2 may be eliminated
and the other end of the element 506 may be coupled
permanently to the terminal b2.

Similarly, in the unit 626, the terminal a3 may be elimi-
nated so that the switch SW3 takes either the position of the
terminal b3 or the position of the OFF state n3, the position
of the OFF state n3 may be eliminated so that the switch
SW3 takes either one of the positions of the terminals a3 and
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b3, or the switch SW3 and the terminal a3 may be eliminated
and the other end of the element 508 may be coupled
permanently to the terminal b3.

Similarly to the unit in FIG. 3, the unit 652 optimizes the
impedance matching of the antenna 800 by controlling the
variable capacitance of the variable capacitor C02 in
response to the control signal CS0 and to thereby effectively
or virtually vary the distance from the feed point FP to the
ground point GP. Alternatively, in place of the unit 652, a
plurality of L.C resonant circuits containing switches and
coupled in series, which are similar to those of the units 622
to 626, may be coupled in series with the segment 516, and
the tuning range for impedance matching may be expanded
by controlling them in the same manner as the units 622 to
626.

FIG. 5 also shows the tuning ranges of the resonance
frequency f and the VSWR in accordance with the embodi-
ment of FIG. 6.

In this way, according to the embodiments of FIGS. 3 and
6, since the LC resonant circuits in the units 612 to 616 and
651 and the units 622 to 626 and 652 are only responsible
for fining tuning of the resonance frequency f of the antenna
700 or 800, the capacitance tuning range of the variable
capacitor in each LC resonant circuit is small. Thus it
requires just a relatively simple analog voltage source for a
variable capacitance diode.

FIG. 8 illustrates the configuration of the inverted-F
antennas 52, 54 and 56 shown in FIG. 1 and their associated
components, in accordance with a still further embodiment
of the invention. Each of the antennas 52, 54 and 56 has the
same configuration as that of the inverted-F antenna 500,
700 or 800 shown in FIG. 2, 3 or 6. The antennas 52, 54 and
56 are coupled in parallel to the ground point, and are
coupled to the RF tuner 304 via their respective feeder lines,
via a switch SW0, and via a feeder line 522 such as a coaxial
cable.

In response to a digital switch control signal SCO0, the
switch SWO0 selectively couples one of the inverted-F anten-
nas 52, 54 and 56 to the feeder line 522. The signal processor
302 may monitor the transmitting or receiving condition of
the RF signal and select one of the inverted-F antennas that
exhibits the best transmitting or receiving condition.

The control decoder 306 provides the switch control
signals SC0 to SW0, and also provides the control signals
SC1, SC2, . . . and SC9 and the like to the respective
resonance frequency tuning switching units 652 to 676.

In response to the control signals SC1 to SC3 and the like,
the antenna 52 is tuned to provide an effective length within
the range from the shortest length (L1+L.12) to the longest
length (L1+0.12+1.13 +1.14+1.15). In response to the control
signals SC4 to SC6 and the like, the antenna 54 is tuned to
provide an effective length within the range from the shortest
length (L.1+1.22) to the longest length (L1+1.22+1.23 +1.24+
1.25). In response to the control signals SC7 to SC9 and the
like, the antenna 56 is tuned to provide an effective length
within the range from the shortest length (L1+1.32) to the
longest length (L1+1.32+1.33 +1.34+L.35).

FIG. 9 shows the relationship between the variable effec-
tive length [ and the resonance frequency f for the
inverted-F antennas 52, 54 and 56 shown in FIG. 8. For
example, when the antenna length L is 6 cm, the resonance
frequency is 1,250 MHz; when the antenna length L. is 7 cm,
the resonance frequency is 1,071 MHz; when the antenna
length L. is 8 cm, the resonance frequency is 938 MHz; and
when the antenna length L is 9 cm, the resonance frequency
is 833 MHz.

FIG. 10 shows the relationship between the VSWR and
the resonant frequencies shown in FIG. 9.

The units 602 to 606 in FIG. 2, the units 612 to 616 and
651 in FIG. 3, and the units 622 to 626 and 652 in FIG. 6
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may be combined properly among them. For example, the
unit 604 in FIG. 2 may be replaced by the unit 614 in FIG.
3 or the unit 624 in FIG. 6. Further, the unit 616 in FIG. 3,
for example, may be replaced by the unit 606 in FIG. 2 or
the unit 626 in FIG. 6. The unit 651 in FIG. 2, for example,
may be replaced by the unit 652 in FIG. 3.

The above-described embodiments are only typical
examples, and their modifications and variations are appar-
ent to those skilled in the art. It should be noted that those
skilled in the art can make various modifications to the
above-described embodiments without departing from the
principle of the invention and the accompanying claims.

What is claimed is:

1. An antenna apparatus comprising:

an inverted-F antenna having at least two antenna con-

ductive elements coupled in series via at least one
switch, and having at least one switch or variable
resonant circuit between one of said at least two
antenna conductive elements and the ground for match-
ing the impedance of said inverted-F antenna to the
impedance of a feeder line coupled to said inverted-F
antenna,

wherein a switch between two adjacent antenna conduc-

tive elements of said at least two antenna conductive

elements is placed on one of the following three
positions:

a first position for coupling a terminal of one of said
two adjacent antenna conductive elements directly to
a terminal of the other adjacent antenna conductive
element,

a second position for coupling the terminal of said one
adjacent antenna conductive element via said vari-
able LC resonant circuit to the terminal of said other
adjacent antenna conductive element, and

a third position for separating the terminal of said one
adjacent antenna conductive element from the ter-
minal of said other adjacent antenna conductive
element; and

a controller controlling said at least one switch.

2. An information processing apparatus comprising:

an antenna apparatus comprising an inverted-F antenna

having at least two antenna conductive elements
coupled in series via at least one switch, and having at
least one switch or variable resonant circuit between
one of said at least two antenna conductive elements
and ground for matching an impedance of said
inverted-F antenna to an impedance of a feeder line
coupled to said inverted-F antenna,

wherein a switch between two adjacent antenna conduc-

tive elements of said at least two antenna conductive

elements is placed on one of the following three
positions:

a first position for coupling a terminal of one of said
two adjacent antenna conductive elements directly to
a terminal of the other adjacent antenna conductive
element,

a second position for coupling the terminal of said one
adjacent antenna conductive element via said vari-
able LO resonant circuit to the terminal of said other
adjacent antenna conductive element, and

a third position for separating the terminal of said one
adjacent antenna conductive element from the ter-
minal of said other adjacent antenna conductive
element, and comprising a controller for controlling
said at least one switch; and

a channel changing unit for controlling said antenna

apparatus in accordance with receiving channel infor-

mation provided by a user.

#* #* #* #* #*
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1
WIDEBAND ANTENNA

The present application is based on Japanese patent
application No. 2005-252142, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wideband antenna, and
particularly to a wideband antenna, such as a UWB antenna,
capable of being applied to UWB (Ultra Wide Band) com-
munications equipment for next-generation ultrahigh-speed
communications.

2. Description of the Related Art

UWBs (Ultra Wide Bands) are wireless and capable of
more high-speed communications than optical fiber com-
munications, and is expected as a communications means to
replace Bluetooth™ which uses 2.4 GHz band, and wireless
L AN, which use existing 5 GHz band (IEEE 802.11a), etc.

UWBs are a communications method, which uses wide-
band and multiband frequencies from 3.1 GHz to 10.6 GHz,
to realize 100 M to 1 G/bps high-speed data communica-
tions, which requires hitherto nonexistent wide bands of
antennas used therein.

It has been substantially determined that 3-5 GHz band is
used in the current first UWB communications. Further, it is
desired that 2.3-6 GHz band is covered in the case of its use
combined with wireless LANSs, etc.

As conventional UWB antennas, there are suggested
various antennas, such as an antenna with a home-base-
shaped conductor sandwiched between dielectrics, and
whose baseball-shaped apex is grounded with a power
supply sandwiched therebetween (see JP-A-2005-94437);
an improved Sierpinski antenna (see JP-A-2004-343424); an
improved patch antenna (see JP-A-2005-94499), etc.

However, no wideband antenna has been able to be
realized that is small and thin, but which covers the wide
band of 2.3-6 GHz, and which is in a relative bandwidth of
50% or more.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a wideband antenna which is small and thin, but
which covers a wide band of frequencies, and which is in a
relative bandwidth of 50% or more.

(1) According to one aspect of the invention, a wideband
antenna comprises:

a rectangular conductor sheet;

a bow-tie-shaped slit formed in the rectangular conductor
sheet, the rectangular conductor sheet comprising two apex
portions defined by the bow-tie-shaped slit, the two apex
portions being opposite to each other in the middle of the
bow-tie-shaped slit;

an auxiliary antenna element formed to extend along the
bow-tie-shaped slit on both sides of one of the two apex
portions;

apower-feeding portion formed at the one of the two apex
portions; and

a grounding portion formed at an other of the two apex
portions.

In the above invention (1), the following modifications
and changes can be made.
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(a) The bow-tie-shaped slit is formed in a shape comprising
laterally joined-two rhombuses, laterally joined-two tri-
angles, or a lateral 8-shape.

(b) The bow-tie-shaped slit comprises a length to be resonant
at low frequencies in a wavelength band for transmission/
reception, and the auxiliary antenna element comprises two
elements each comprising a length to be resonant at high
frequencies in a wavelength band for transmission/recep-
tion.

(c) The rectangular conductor sheet, the bow-tie-shaped slit
and the auxiliary antenna element are formed simulta-
neously by stamping a metal sheet.

(2) According to another aspect of the invention, a wideband
antenna comprises:

a rectangular conductor sheet;

an odd-shaped slit with a laterally elongated rhombic or
tapered shape formed in the rectangular conductor sheet so
that a notch slit is formed to extend from side-corner
portions of the odd-shaped slit toward the long sides of the
rectangular conductor sheet;

an auxiliary antenna element formed to extend from one
side-corner portion of the side-corner portions into the
odd-shaped slit;

a power-feeding portion formed at the base of the auxil-
iary antenna element; and

a grounding portion formed in the other side-corner
portion of the mutually opposite side-corner portions of the
notch slit.

In the above invention (2), the following modifications
and changes can be made.

(d) The odd-shaped slit with a laterally elongated rhombic or
tapered shape is formed to be positioned on the upper side
of the rectangular conductor sheet, and a grounding piece is
formed on the lower side of the rectangular conductor sheet
to the odd-shaped slit.

ADVANTAGES OF THE INVENTION

The wideband antenna according to the present invention
is capable of realizing a wideband antenna which is small
and thin, but which covers the frequency band of 2.3-6 GHz,
and which is in a relative bandwidth of 50% or more.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments according to the invention
will be explained below referring to the drawings, wherein:

FIG. 1 is a diagram showing a wideband antenna accord-
ing to a first embodiment of the present invention;

FIG. 2 is a diagram showing the wideband antenna of
FIG. 1 with a coaxial cable connected thereto;

FIG. 3A is respectively a diagram showing a wideband
antenna according to a second embodiment of the present
invention, and FIG. 3B a diagram showing the wideband
antenna of FIG. 3A with a coaxial cable connected thereto;

FIG. 4 is a diagram showing characteristics of the wide-
band antennas of FIGS. 1 and 2, and of FIGS. 3A and 3B;

FIG. 5 is a diagram showing an example of mounting a
wideband antenna shown in FIG. 6B to a notebook PC;

FIGS. 6A and 6B are diagrams showing wideband anten-
nas formed by cutting the wideband antennas of FIGS. 1 and
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2, respectively, in the middle portion of the bow-tie-shaped
slit thereof, according to a third embodiment of the present
invention;

FIGS. 7A and 7B are diagrams showing return loss versus
frequency characteristics and voltage standing wave ratio
(VSWR) versus frequency characteristics, respectively, of
the wideband antenna of FIG. 6B;

FIGS. 8A-8C are diagrams showing radiation patterns in
the xy-plane for frequencies of 2.45 GHz, 3 GHz, and 5.1
GHz, respectively, of the wideband antenna of FIG. 6B;

FIGS. 9A and 9B are diagrams showing average gains for
frequency bands of 2.3-2.5 GHz and 3-6 GHz, respectively,
of the wideband antenna of FIG. 6B;

FIG. 10 is a diagram showing a wideband antenna accord-
ing to a fourth embodiment of the present invention;

FIG. 11 is a diagram showing a wideband antenna accord-
ing to a fifth embodiment of the present invention; and

FIG. 12 is a diagram showing a wideband antenna accord-
ing to a sixth embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a wideband antenna formed of a metal sheet
stamped out with a press according to a first embodiment of
the present invention. FIG. 2 shows the wideband antenna
Al of FIG. 1 with a coaxial cable connected thereto.

In FIGS. 1 and 2, a 0.1-0.5 mm thick metal sheet is
stamped out with a press to form a rectangular conductor
sheet 10. The rectangular conductor sheet 10 is stamped out
with a press to form a bow-tie-shaped slit 11 therein.

The rectangular conductor sheet 10 is formed in a 80 mm
wide and 40 mm long rectangular shape. The bow-tie-
shaped slit 11 is formed in a two laterally joined rhombic
shape.

On both sides of one apex portion 12a of apex portions
12a and 125 opposite each other in the middle of the
bow-tie-shaped slit 11, there are formed radiating elements
13 and 13 which extend along the bow-tie-shaped slit 11 to
make up an auxiliary antenna element 14.

In the apex portion 12a on the auxiliary antenna element
14 side is formed a power-feeding portion 15, and in the
other apex portion 126 a grounding portion 16. As shown in
FIG. 2, a power-feeding line 18 on the inner side of a coaxial
cable 17 is soldered to the power-feeding portion 15, and an
outer conductor 19 on the outer side thereof to the grounding
portion 16.

Length L11 of the bow-tie-shaped slit 11 is formed to be
resonant at low frequencies in a wavelength band for trans-
mission/reception. For example, the slit length L11 is
formed to be 76 mm, maximum width w1l 9 mm, and width
w12 between the middle apex portions 12a¢ and 126 2 mm.

Also, length [.13 of the radiating elements 13 and 13 of
the auxiliary antenna element 14 is formed to be resonant at
high frequencies in a wavelength band for transmission/
reception, i.e., to be generally Y4 wavelength at high fre-
quencies. In this embodiment, the length .13 is formed to be
V4 of 50 mm wavelength at 6 GHz, i.e., 12.5 mm.

The electric field formed in the bow-tie-shaped slit 11
allows the wideband antenna A1 shown in FIGS. 1 and 2 to
be resonant at low frequencies, while allowing the auxiliary
antenna element 14 to be resonant at high frequencies.

This bow-tie-shaped slit 11 allows a targeted wide band to
be ensured by choosing resonant frequency values for the
slit antenna and the auxiliary antenna element 14 to be
mutually different and complementary.
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FIG. 3A is a diagram showing a wideband antenna
according to a second embodiment of the present invention,
and FIG. 3B a diagram showing the wideband antenna of
FIG. 3A with a coaxial cable connected thereto.

A wideband antenna A2 of this embodiment has a laterally
elongated 8-shaped bow-tie-shaped slit 21 formed in a
conductor sheet 10, and the other configuration is basically
the same as that of FIGS. 1 and 2. Specifically, a 0.1-0.5 mm
thick metal sheet is stamped out with a press to form a
rectangular conductor sheet 10. In the rectangular conductor
sheet 10 is formed the laterally elongated 8-shaped bow-
tie-shaped slit 21. On both sides of one apex portion 12a of
apex portions 12a and 125 opposite each other in the middle
of the bow-tie-shaped slit 21, there are formed radiating
elements 13 and 13 which extend along the bow-tie-shaped
slit 21 to make up an auxiliary antenna element 14.

In the apex portion 124 on the auxiliary antenna element
14 side is formed a power-feeding portion 15, and in the
other apex portion 1256 a grounding portion 16. As shown in
FIG. 3B, a power-feeding line 18 on the inner side of a
coaxial cable 17 is soldered to the power-feeding portion 15,
and an outer conductor 19 on the outer side thereof to the
grounding portion 16.

Since this laterally elongated 8-shaped bow-tie-shaped
slit 21 is formed curvedly, the electric field distribution is
smooth on the boundary between the space and the metal of
the slit 21, and adjustment of the resonant band targeted to
low frequencies is facilitated by adjusting the curvature of
the slit 21.

FIG. 4 shows the results of measuring return loss of the
wideband antenna A1l shown in FIGS. 1 and 2, and of the
wideband antenna A2 shown in FIGS. 3A and 3B, in which
solid line a denotes the characteristic of the wideband
antenna shown in FIGS. 1 and 2, and broken line b denotes
the characteristic of the wideband antenna shown in FIGS.
3A and 3B.

From FIG. 4, it is found that both the antennas A1 and A2
have the band of 2.3-6 GHz at return losses of —6.2 dB or
less (VSWR=3.0 or less), which are the indication for
indicating antenna’s sufficient resonance.

It is found that the relative bandwidth (=bandwidth/center
frequency), which is the indication for indicating the width
of'a band, is as very wideband as 89%, and that 2.3-6 GHz
oscillation is realizable.

This means that the antennas are realizable that are
capable of covering 3 bands of IEEE802.11b/g (2.4-2.5
GHz), UWB (3-5 GHz), and IEEE802.11a (4.9-5.9 GHz).

Although the bow-tie-shaped slits 11 and 21 are respec-
tively shown as formed in the two laterally joined rhombic
shape and the laterally elongated 8-shape, their shapes may
not only be modified appropriately according to low reso-
nant frequency bands, but the length of the auxiliary antenna
element 14 may also be modified appropriately according to
high resonant frequency bands. Also, for good electrical
connection of the grounding portion 16 to a metallic chassis
for installation, a contact portion for contacting the metallic
chassis may be provided in the conductor sheet 10 on the
grounding portion side, so that the metallic chassis may be
utilized as antenna ground, which can thereby result in a
small-size and high-performance antenna.

FIG. 5, FIGS. 6A and 6B show a third embodiment of the
present invention.

Although in the above-described embodiments, the bow-
tie-shaped slits 11 and 21 are formed in the conductor sheet
10, and the coaxial cable 17 is connected in the middle of the
bow-tie-shaped slits 11 and 21, to obtain resonance at low
frequencies, the bow-tie-shaped slits 11 and 21 need to be
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substantially 70 mm long, and as shown in FIG. 5, instal-
lation of antenna A3 in a notebook PC 42, etc. requires
further size reduction.

Accordingly, in this embodiment, the wideband antennas
Al shown in FIGS. 1 and 2 are cut in the middle portion of
the bow-tie-shaped slit 11 thereof, to form wideband anten-
nas A3, as shown in FIGS. 6A and 6B respectively.

Specifically, as shown in FIG. 6A, a metal sheet made of
a copper alloy is stamped out with a press to form a
rectangular conductor sheet 10 (40 mm wide and 30 mm
long, for example). In the rectangular conductor sheet 10 is
formed an odd-shaped slit 31 (38 mm wide and 10 mm long)
with a laterally elongated rhombic shape so that a notch slit
33 is formed to extend from side-corner portions 32« and
326 of the odd-shaped slit 31 toward the long sides of the
rectangular conductor sheet 10. A 12 mm long auxiliary
antenna element 34 is formed to extend from one side-corner
portion 32a of the mutually opposite side-corner portions
32a and 325 of the notch slit 33, into the odd-shaped slit 31.
A power-feeding portion 15 is formed at the base (in one
side-corner portion 32a) of the auxiliary antenna element 34,
and a grounding portion 16 is formed in the other side-corner
portion 325 of the side-corner portions 32a and 325 opposite
each other via the notch slit 33.

This odd-shaped slit 31 with a rhombic shape is formed to
be positioned on the upper side of the rectangular conductor
sheet 10. On the lower side of the rectangular conductor
sheet 10 to the odd-shaped slit 31, there is formed a
grounding piece 10g whose area is larger than the area of the
upper side of the rectangular conductor sheet 10.

After the odd-shaped slit 31 and the auxiliary antenna
element 34 are thus formed by being stamped out with a
press, both sides of the conductor sheet 10 are laminated
with a polyimide film 40, followed by valley fold of the
upper side of the conductor sheet 10 to form an upright
portion 10s.

Also, as shown in FIG. 6B, a coaxial cable 17 (diameter
1.13 mm, length 510 mm) is placed in the longitudinal
direction of the odd-shaped slit 31. A power-feeding line 18
on the inner side of the coaxial cable 17 is soldered to the
power-feeding portion 15 at the base of the auxiliary antenna
element 34, and an outer conductor 19 on the outer side
thereof to the grounding portion 16, which results in the
wideband antenna A3.

FIG. 5 shows an example of mounting the wideband
antenna A3 of FIG. 6B to a notebook PC 42, where the
antenna A3 is installed between the backside and cover of
display 43.

FIGS. 7A and 7B show return loss versus frequency
characteristics and voltage standing wave ratio (VSWR)
versus frequency characteristics, respectively, of the wide-
band antenna A3 of FIG. 6B.

As shown in FIGS. 7A and 7B, the wideband antennas are
realizable that have the band of 2.3-6 GHz at return losses
of =7.36 dB or less (VSWR=2.5 or less),

FIGS. 8A-8C show radiation patterns in the xy-plane for
frequencies of 2.45 GHz, 3 GHz, and 5.1 GHz, respectively,
of'the wideband antenna A3 in the xyz-coordinates as shown
in FIG. 6B, where solid line h denotes a horizontally-
polarized wave, and broken line v a vertically-polarized
wave.

As shown in FIGS. 8 A-8C, it is found that the antenna A3
is nondirectional for 2.45 GHz, 3 GHz, and 5.1 GHz, but its
gain is high at each frequency thereof.

FIGS. 9A and 9B show average gains for 2.3-2.5 GHz
band and 3-6 GHz band, respectively.
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From FIGS. 9A and 9B, it is found that the antenna A3 has
been able to be realized that is flat over the wideband and has
the high gain.

FIGS. 10 and 11 show wideband antennas according to
fourth and fifth embodiments, respectively, of the present
invention, which show modified examples of the antennas
Al and A2 of FIGS. 1 and 3. Specifically, FIG. 10 shows an
antenna A4 with a bow-tie-shaped slit 11A formed in a
conductor sheet 10, in which the bow-tie-shaped slit 11A is
constructed by laterally joining together the apexes of isos-
celes triangular (tapered) shapes in such a manner as to face
each other. FIG. 11 shows an antenna A5 with a bow-tie-
shaped slit 11B formed in a conductor sheet 10, in which the
bow-tie-shaped slit 11B is constructed by laterally joining
together the bases of necktie shapes in such a manner as to
face each other.

The wideband antennas of FIGS. 10 and 11 have the
modified shapes of the bow-tie-shaped slits 11A and 11B
respectively to modify the electric field distribution between
the slits, which thereby allows antenna design according to
wavelengths desired to be resonant at low frequencies.

FIG. 12 show a wideband antenna A6 according to a sixth
embodiment of the present invention, which shows a modi-
fied example of the antenna A3 of FIG. 6. Specifically, this
antenna A6 has an odd-shaped slit 31A with a laterally
elongated triangular shape instead of the laterally elongated
rhombic shape shown in FIG. 6.

This antenna A6 with the odd-shaped slit 31A in a
laterally elongated triangular shape also modifies the electric
field distribution, which thereby allows modifying resonant
wavelengths at low frequencies.

As described above, the wideband antenna of the present
invention is realized so as to be resonant at the 2.3-6 GHz
band in the relative bandwidth of 50%.

Although the invention has been described with respect to
the specific embodiments for complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art which
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A wideband antenna, comprising:

a rectangular conductor sheet;

a bow-tie-shaped slit formed in the rectangular conductor
sheet, the rectangular conductor sheet comprising two
apex portions defined by the bow-tie-shaped slit, the
two apex portions being opposite to each other in the
middle of the bow-tie-shaped slit;

an auxiliary antenna element formed to extend along the
bow-tie-shaped slit on both sides of one of the two apex
portions;

a power-feeding portion formed at the one of the two apex
portions; and

a grounding portion formed at an other of the two apex
portions.

2. The wideband antenna according to claim 1, wherein:

the bow-tie-shaped slit is formed in a shape comprising
laterally joined-two rhombuses, laterally joined-two
triangles, or a lateral 8-shape.

3. The wideband antenna according to claim 1, wherein:

the bow-tie-shaped slit comprises a length to be resonant
at low frequencies in a wavelength band for transmis-
sion/reception, and the auxiliary antenna element com-
prises two elements each comprising a length to be
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resonant at high frequencies in a wavelength band for
transmission/reception.

4. The wideband antenna according to claim 2, wherein:

the bow-tie-shaped slit comprises a length to be resonant
at low frequencies in a wavelength band for transmis-
sion/reception, and the auxiliary antenna element com-
prises two elements each comprising a length to be
resonant at high frequencies in a wavelength band for
transmission/reception.

8

5. The wideband antenna according to claim 1, wherein:

the rectangular conductor sheet, the bow-tie-shaped slit
and the auxiliary antenna element are formed simulta-
neously by stamping a metal sheet.

6. The wideband antenna according to claim 1, wherein:

the bow-tie-shaped slit is formed in a shape comprising
laterally joined-two rhombuses or a lateral 8-shape.

#* #* #* #* #*
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1
DIELECTRICALLY-LOADED ANTENNA

CROSS-REFERENCES TO RELATED
APPLICATION

This application is a continuation-in-part of, and claims a
benefit of priority under 35 U.S.C. 120 from, U.S. applica-
tion Ser. No. 10/457,717 filed by the present applicant on
Jun. 9, 2003 now U.S. Pat. No. 6,914,580, the entire contents
of which are hereby expressly incorporated herein by ref-
erence for all purposes. U.S. application Ser. No. 10/457,717
in-turn claims a benefit of priority under one or more of 35
U.S.C. 119(a)-119(d) from British Patent Application No.
0307251.9, filed Mar. 28, 2003, the entire contents of which
are hereby expressly incorporated herein by reference for all
purposes. This application claims a benefit of priority under
one or more of 35 U.S.C. 119(a)-119(d) from British Patent
Application No. 0505771.6, filed Mar. 21, 2005, the entire
contents of which are hereby expressly incorporated herein
by reference for all purposes.

FIELD OF THE INVENTION

This invention relates to a dielectrically-loaded antenna
for operation at frequencies in excess of 200 MHz. The
invention is applicable primarily but not exclusively to a
quadrifilar helical antenna for operation with circularly
polarised electromagnetic radiation and to a loop antenna
having a plurality of resonant frequencies within a band of
operation.

BACKGROUND OF THE INVENTION

A dielectrically-loaded loop antenna is disclosed in Brit-
ish Patent Application No. 2309592A. Whilst this antenna
has advantageous properties in terms of isolation from the
structure on which it is mounted, its radiation pattern, and
specific absorption ratio (SAR) performance when used on,
for instance, a mobile telephone close to the user’s head, it
suffers from the generic problem of small antennas in that it
has insufficient bandwidth for many applications. Improved
bandwidth can be achieved by splitting the radiating ele-
ments of the antenna into portions having different electrical
lengths. For example, as disclosed in British Patent Appli-
cation No. 2321785A, the individual helical radiating ele-
ments can each be replaced by a pair of mutually adjacent,
substantially parallel, radiating elements connected at dif-
ferent positions to a linking conductor linking opposed
radiating elements. In another variation, disclosed in British
Patent Application No. 2351850A, the single helical ele-
ments are replaced by laterally opposed groups of elements,
each group having a pair of coextensive mutually adjacent
radiating elements in the form of parallel tracks having
different widths to yield differing electrical lengths. These
variations on the theme of a dielectrically-loaded twisted
loop antenna gain advantages in terms of bandwidth by
virtue of their different coupled modes of resonance which
occur at different frequencies within a required band of
operation.

Dielectrically-loaded quadrifilar helical antennas are dis-
closed in British Patents Nos. 2292638, 2310543 and
2367429. Antennas in accordance with these patents have
been used mainly for receiving circularly polarised signals
from satellites of the Global Positioning System (GPS)
satellite constellation for position fixing and navigation
purposes. GPS is a narrowband service. There are other
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satellite-based services requiring receiving or transmitting
apparatus of greater fractional bandwidth than that available
from the prior antennas.

It is an object of the invention to provide improvements
in bandwidth.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is
provided a dielectrically-loaded antenna for operation at
frequencies in excess of 200 MHz, comprising an electri-
cally insulative core of a solid material having a relative
dielectric constant greater than 5, a feed connection, and an
antenna element structure disposed on or adjacent the outer
surface of the core, the material of the core occupying the
major part of the volume defined by the core outer surface,
wherein the antenna element structure comprises a plurality
of'laterally opposed groups of conductive elongate elements,
said groups being spaced apart on said core outer surface and
each group comprising first and second substantially coex-
tensive elongate elements which are coupled together at
respective first ends at a location in the region of the feed
connection and at respective second ends at a location
spaced from the feed connection, wherein the antenna ele-
ment structure further comprises a linking conductor linking
the second ends of the first and second elongate elements of
each of the plurality of groups of elements with the second
ends of the first and second elements of the other of said
plurality of groups of elements, whereby the first and second
elements respectively of each of said plurality of groups
form parts of different looped conductive paths, said paths
having different respective resonant frequencies within an
operating frequency band of the antenna and each extending
from the feed connection to the linking conductor, and then
back to the feed connection, and wherein at least one of the
said elongate antenna elements comprises a conductive strip
on the outer surface of the core, the strip having opposing
edges of different lengths.

The differing lengths of the opposing edges may be
brought about by the edges being non-parallel.

In one embodiment of the invention, the edge of the strip
which is furthest from the other elongate element or ele-
ments in its group is longer than the edge which is nearer the
other element or elements. Indeed, both the first and second
elongate elements of each group may have edges of different
lengths, e.g., in that each such element which has an edge
forming an outermost edge of the group is configured such
that the outermost edge is longer than the inner edge of the
element.

Alternatively, that edge of the strip which is nearest to the
other elongate element or elements in its group may be
longer than the edge which is further from the other elongate
element or elements of the group.

Such differences in edge length may be obtained by
forming each affected element so that one of its edges
follows a wavy or meandered path along substantially the
whole of its radiating length. Thus, in the case of an antenna
with helical elements, with each group of elements execut-
ing, e.g., a half turn around the central axis of a cylindrical
dielectric core, the helical portion of each element has one
edge which follows a strict helical path, whilst the other
edge follows a path which deviates from the strict helical
path in a sinusoid, castellated or smooth pattern, for
example.

Advantageously, where both outermost edges of each
group of elements follow a path which varies from the strict
helix, the variations are equal for both edges at any given
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position along the length of the group of elements so that the
overall width of the group at any given position is substan-
tially the same. Indeed, the outermost edges may be formed
s0 as to be parallel along at least a major part of the length
of the group of elements.

Such structures take advantage of the discovery by the
applicant that grouped and substantially coextensive radiat-
ing elements of different electrical lengths have fundamental
modes of resonance corresponding not only to the individual
elements which are close together, but also corresponding to
the elements as a combination. Accordingly, where each
group of elements has two substantially coextensive mutu-
ally adjacent elongate radiating elements, there exists a
fundamental mode of resonance associated with one of the
tracks, another fundamental resonance associated with the
other of the tracks, and a third fundamental resonance
associated with the composite element represented by the
two tracks together. The frequency of the third resonance
can be manipulated by asymmetrically altering the lengths
of edges of the elements. In particular, by lengthening the
outer edges of the two elements of each group, the frequency
of the third resonance can be altered differently, and to a
greater degree, than the resonant frequencies associated with
the individual tracks. It will be appreciated, therefore, that,
the third frequency of resonance can be brought close to the
other resonant frequencies so that all three couple together
to form a wider band of reduced insertion loss than can be
achieved with the above-described prior art antennas, at least
for a given resonance type (i.e., in this case, the balanced
modes of resonance in the preferred antenna).

An antenna as described above, having groups of laterally
opposed elongate antenna elements with each group having
two mutually adjacent such elements, is one preferred
embodiment of the invention. In that case, the clongate
elements of each pair have different electrical lengths and
define between them a parallel sided channel, each element
having a meandered outer edge.

In an alternative embodiment, each group of clongate
antenna elements has three clongate clements, arranged
side-by-side. In this case, each group comprises an inner
element and two outer elements. Preferably, the outwardly
directed edges of the two outer elements of each group are
meandered or otherwise caused to deviate from a path
parallel to the corresponding inner edges, and the inner
element is parallel-sided. More preferably, at least one of the
outer elements of each group has a deviating outer edge and
a deviating inner edge, the amplitude of the outer edge
deviation being greater than the amplitude of the inner edge
deviation.

Using groups of two elements with non-parallel edges it
is possible to achieve a fractional bandwidth in excess 0f 3%
at an insertion loss of -6 dB. Embodiments with three or
more elements per group offer further bandwidth gains, in
terms of fractional bandwidth and/or insertion loss.

According to another aspect of the invention, a dielectri-
cally-loaded antenna for operation at frequencies in excess
of 200 MHz comprises an electrically insulative core of a
solid dielectric material having a relative dielectric constant
greater than 5, a feed connection, and an antenna element
structure disposed on or adjacent the outer surface of the
core, wherein the core has end surfaces and side surfaces and
an axis of symmetry passing through the end surfaces, and
wherein the antenna element structure comprises a plurality
of groups of elongate antenna elements spaced apart on said
side surfaces of the core, each group forming part of a
plurality of looped conductive paths which extend from a
first to a second terminal of the feed connection and which
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have different electrical lengths at a frequency within an
operating band of the antenna, and each group comprising
first and second substantially coextensive elongate radiating
elements which run side-by-side on or adjacent the side
surfaces of the core and which form part of a different
respective one of said looped paths of different electrical
lengths, wherein at least one of the said elongate elements on
or adjacent the side surfaces comprises a conductive strip
having non-parallel opposing edges such that the opposing
edges of strip are of different lengths.

Typically the feed connection is located on one of the end
surfaces of the core and the said elongate elements of the
group are connected to the feed connection by a plurality of
connecting elements on or adjacent the said end surface.
Preferably, the strip has non-parallel edges over at least the
major part of its length on the respective side surface or
surfaces of the core.

According to a third aspect of the invention, there is
provided a dielectrically-loaded antenna for operation at
frequencies in excess of 200 MHz, comprising an electri-
cally insulative core of a solid material having a relative
dielectric constant greater than 5, a feed connection, and an
antenna element structure disposed on or adjacent the outer
surface of the core, the material of the core occupying the
major part of the volume defined by the core outer surface,
wherein the antenna element structure comprises a plurality
of groups of conductive elongate elements, each group
comprising first and second substantially coextensive mutu-
ally adjacent elongate elements at least one of which com-
prises a conductive strip on the outer surface of the core, the
strip having opposing edges of different lengths. Advanta-
geously, the core is cylindrical and has a central axis and the
feed connection comprises a feeder termination on an end
face of the core. The antenna element structure may include
a linking conductor in the form of an annular sleeve encir-
cling the core and centred on the axis, the sleeve intercon-
necting conductive tracks of the element groups at a sleeve
rim, the sleeve also being connected to the feeder structure
at a position spaced from the feed connection.

It is preferred that the first and second coextensive elon-
gate elements comprise, respectively, first and second coex-
tensive conductive tracks defining between them a channel
the width of which is less than the spacing between the
tracks of the respective said groups and the tracks of
neighbouring groups, and wherein the electrical length of
the channel is substantially a half wavelength in an operative
frequency band of the antenna.

According to a fourth aspect of the invention, there is
provided a quadrifilar helical antenna comprising first and
second pairs of diametrically opposed antenna elements on
a generally cylindrical dielectric substrate, at least one of the
elements of each pair including a pair of mutually adjacent
substantially parallel conductive tracks defining between
them a channel, the track edges which define the channel
being longer than the other edges of the respective tracks.

The preferred quadrifilar antenna takes the form of a
backfire antenna having an axial feeder structure located in
a bore in a solid dielectric antenna core made of a material
having a relative dielectric constant greater than 5. There are
four radiating composite elements each extending from a
feed connection where the feeder structure terminates at a
distal end face of the core, to a linking conductor which
interconnects the four composite elements at a location
which is axially spaced from the feed connection. The
linking conductor is connected to the feeder structure proxi-
mally with respect to the feed connection.





US 7,372,427 B2

5

In this preferred quadrifilar antenna, the composite ele-
ments forming the first pair of diametrically opposed
antenna elements have a shorter average electrical length
than those forming the second pair to yield substantial phase
orthogonality between currents in the respective elements of
the first and second pairs. As in conventional quadrifilar
antennas, this phase orthogonality produces an operating
band in which the antenna exhibits increased gain for
circularly polarised signals.

In the preferred embodiment, each composite radiating
element has a first, radial portion on the distal end face of the
core and a second, helical portion extending from the first
portion to the linking conductor. Each of the four composite
elements includes a pair of mutually adjacent parallel tracks
defining the above-mentioned channel between them.
Advantageously, each element is divided in this way only in
its second, helical portion, the track edges defining the
channel following, e.g., generally parallel meandered paths
to increase the length of the channel within the available
length of the radiating element. In this way, the electrical
length of the channel can be increased to a half wavelength
at an operating frequency of the antenna despite the fact that,
in the preferred embodiment, the helical portion of each
antenna element has an electrical length which is less than
a half wavelength. Differences between the lengths of the
conductive paths of which the tracks form parts, as well as
dissociation of the currents in the tracks in each respective
antenna element as a result of the half wavelength electrical
length of the channel between them, promote a resonance for
axially directed circularly-polarised radiation which has a
greater bandwidth than that achievable with an equivalently-
sized antenna having single track radiating elements. The
bandwidth depends on, amongst other factors, the degree of
dissociation between the currents in the respective compos-
ite elements each comprising parallel conductor tracks sepa-
rated by a channel or slit. Current dissociation produces a
phase dwell in the operating band in the sense that phase
orthogonality between the average of the currents in each
longer composite element is extended over a wider fre-
quency band than in conventional quadrifilar antennas.
Substantial phase orthogonality can typically be achieved
over a fractional bandwidth of at least 0.4%. In some
embodiments the fractional bandwidth may be 2% or more.
Substantial phase orthogonality may be defined as exhibit-
ing a phase difference of between 60° and 120°.

It is not necessary for the physical angular separation
between the diametrically opposed pairs of shorter and
longer composite elements to be exactly 90°, i.e. subtended
at the axis of the helices. For example, the angular separation
may be 70° or 80°. It is preferred that, in the operating band
of the antenna, the phase difference between the average of
currents in the shorter pair and the average of currents in the
longer pair be within 30° of this angular separation or, better,
within 20°. The operating band has the same fractional
bandwidth limits referred to above. Thus, for instance, if the
physical angular separation is 80°, the phase difference is
preferably within the range of from 60 to 100° over the
whole of a fractional bandwidth of at least 0.4%, or at least
2%.

By confining the channel to the helical portion of each
antenna element, the radial portion on the distal end face of
the core is made available for tuning by adjustments, i.e.
removing conductive material from the antenna element,
e.g., by forming cut-outs or apertures using laser etching, as
disclosed in British Patent No. 2356086, the entire contents
of which are incorporated in the present specification by
reference.
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In common with the antenna disclosed in the above-
mentioned British Patents Nos. 2292638 and 2310543, the
linking conductor of the preferred antenna comprises a
conductive sleeve encircling the core and connected to the
feeder structure. Each antenna element is joined to the rim
of the sleeve with the channel preferably also extending to
the level of the rim or very close to the level of the rim.

The mutually adjacent tracks of each antenna element
may have different electrical lengths by, for example, having
different average widths. Alternatively, differences in con-
ductive path length may be achieved as a result of the
inherent inclination of the tracks with respect to the rim and
the consequent differences in the current patterns at their
respective junctions with the rim.

According to a fifth aspect of the invention, a helical
antenna for circularly polarised electromagnetic radiation
comprises: first and second pairs of helical conductive track
groups on or adjacent the outer generally cylindrical surface
of a generally cylindrical insulative substrate, the track
groups being distributed around the said outer surface and
each comprising at least a pair of generally helical tracks
which each have one edge longer than the other and each of
which is nearer to the other track of the said pair that it is to
the tracks of the other groups. The tracks of each group
preferably define between themselves a substantially paral-
lel-sided elongate channel of an average width which is less
than half of the average spacing between neighbouring track
groups.

According to a sixth aspect of the invention, there is
provided a quadrifilar helical antenna for operation in a
frequency band above 200 MHz, wherein the antenna com-
prises four coextensive composite helical antenna elements
each of which is formed as the combination of at least two
coextensive elongate conductors separated by a slit, the
width of the slit being less than half of the spacing between
the respective composite element and either of the neigh-
bouring composite elements.

Loop antennas as described above and having a single
pair of diametrically opposed groups of conductive elements
are of particular application in the frequency division duplex
portion of the IMT-2000 3-G receive and transmit bands
(2110-2170 MHz and 1920-1980 MHz). They can also be
applied to other mobile communication bands such as the
GSM-1800 band (1710-1880 MHz), the PCS1900 band
(1850-1990 MHz) and the Bluetooth LAN band (2401-2480
MHz).

Quadrifilar antennas in accordance with the invention
have particular use with the following bands of operation:

(a) 1559-1591 MHz (Galileo satellite positioning system)

(b) 1260-1300 MHz (Galileo satellite positioning system)

(c) 1164-1214 MHz (Galileo satellite positioning system)

(d) 1563-1587 MHZ (GPS L1)

(e) 1216-1240 MHz (GPS L2)

(f) 1164-1188 MHZ (GPS L5)

(g) 1602.56-1615.50 MHz (Glonass)

(h) 1240-1260 MHZ (Glonass)

(1) 1610.0-1626.5 (Iridium satellite communications)

(j) 2332.5-2345.0 MHz (XM satellite radio)

(k) 2320.0-2332.5 MHz (Sirius satellite radio)

The services associated with these bands are indicated above
in brackets.

The invention will be described below in more detail with
reference to the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a perspective view of a dielectrically-loaded
loop antenna having two laterally opposed groups of helical
radiating elongate elements;

FIG. 2 is a diagram illustrating three fundamental reso-
nances obtained from the antenna of FIG. 1, and an indica-
tion of their derivation;

FIGS. 3A, 3B and 3C are respectively a plan view of an
antenna in accordance with the invention, a side view of
such an antenna, and a “mask™ view of the cylindrical
surface of the antenna transformed to a plane;

FIG. 4 is a diagram similar to that of FIG. 2, showing
resonances obtained with the antenna of FIGS. 3A to 3C,
together with an indication of their derivation;

FIGS. 5A to 5C are, respectively, plan, side, and “mask”
views of a second antenna in accordance with the invention;

FIG. 6 is another diagram similar to part of FIG. 2
showing the derivation of resonances of the antenna of
FIGS. 5A to 5C;

FIG. 7 is a graph indicating the resonances which may be
obtained with an antenna of the kind shown in FIGS. 5A to
5C;

FIG. 8 is a perspective view of a dielectrically-loaded
quadrifilar antenna in accordance with the invention, having
four laterally opposed groups of elongate helical radiating
conductors, viewed from the side;

FIG. 9 is another perspective view of the antenna of FIG.
1, viewed mainly from the top;

FIG. 10 is a third perspective view of the antenna of FIG.
1, viewed from below and from the side; and

FIG. 11 is a diagram showing variations in current phase
in the conductor groups of the antenna of FIGS. 8 to 10.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1, a twisted loop antenna of a construc-
tion similar to that shown in British Patent Application No.
2351850A has an antenna element structure comprising a
pair of laterally opposed groups 10P, 10Q of elongate
radiating antenna elements. The term “radiating” is used in
this specification to describe antenna elements which, when
the antenna is connected to a source of radio frequency
energy, radiate energy into the space around the antenna. It
will be understood that, in the context of an antenna for
receiving radio frequency signals, the term “radiating ele-
ments” refers to elements which couple energy from the
space surrounding the antenna to the conductors of the
antenna for feeding to a receiver.

Each group 10P, 10Q of elements comprises, in this
embodiment, two coextensive, mutually adjacent and gen-
erally parallel elongate antenna elements 10PA, 10PB;
10QA, 10QB which are disposed on the outer cylindrical
surface of an antenna core 12 made of a ceramic dielectric
material having an relative dielectric constant greater than 5,
typically 36 or higher. The core 12 has an axial passage 14
with an inner metallic lining, the passage 14 housing an axial
inner feeder conductor 16 surrounded by a dielectric insu-
lating sheath 17. The inner conductor 16 and the lining
together form a coaxial feeder structure which passes axially
through the core 12 from a distal end face 12D of the core
to emerge as a coaxial transmission line 18 from a proximal
end face 12P of the core 12. The antenna element structure
includes corresponding radial elements 10PAR, 10PBR,
10QAR, 10QBR formed as conductive tracks on the distal
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end face 12D connecting distal ends of the elements 10PA,
10PB, 10QA, 10QB to the feeder structure. The elongate
radiating elements 10PA to 10QB, including their corre-
sponding radial portions, are of approximately the same
physical length, and each includes a helical conductive track
executing a half turn around the axis of the core 12. Each
group of elements comprises a first element 10PA, 10QA of
one width and a second element 10PB, 10QB of a different
width. These differences in width cause differences in elec-
trical lengths, due to the differences in wave velocity along
the elements.

To form complete conductive loops, each antenna element
10PA, 10PB, 10QA, 10QB is connected to the rim 20U of a
common virtual ground conductor in the form of a conduc-
tive sleeve 20 surrounding a proximal end portion of the core
12 as a link conductor for the elements 10PA, 10PB, 10QA,
10QB. The sleeve 20 is, in turn, connected to the lining of
the axial passage 14 by conductive plating on the proximal
end face 12D of the core 12. Thus, a first 360 degrees
conductive loop is formed by elements 10PAR, 10PA, rim
20U, and elements 10QA and 10QAR, and a second 360
degree conductive loop is formed by elements 10PBR,
10PB, the rim 20U, and elements 10QB and 10QBR. Each
loop extends from one conductor of the feeder structure
around the core to the other conductor of the feeder struc-
ture. The resonant frequency if one loop is slightly different
from that of the other.

At any given transverse cross-section through the
antenna, the first and second antenna elements of the first
group 10P are substantially diametrically opposed to the
corresponding first and second elements, respectively, of the
second group 10Q. It will be noted that, owing to each
helical portion representing a half turn around the axis of the
core 12, the first ends of the helical portions of each
conductive loop are approximately in the same plane as their
second ends, the plane being a plane including the axis of the
core 12. Additionally it should be noted that the circumfer-
ential spacing, i.e. the spacing around the core, between the
neighbouring elements of each group is less than that
between the groups. Thus, elements 10PA and 10PB are
closer to each other than they are to the elements 10QA,
10QB.

The conductive sleeve 20 covers a proximal portion of the
antenna core 12, surrounding the feeder structure, the mate-
rial of the core filing substantially the whole of the space
between the sleeve 20 and the metallic lining of the axial
passage 14. The combination of the sleeve 20 and plating
forms a balun so that signals in the transmission line formed
by the feeder structure 18 are converted between an unbal-
anced state at the proximal end of the antenna and a balanced
state at an axial position above the plane of the upper edge
20U of the sleeve 20. To achieve this effect, the axial length
of the sleeve is such that, in the presence of an underlying
core material of relatively high dielectric constant, the balun
has an electrical length of about A/4 or 90° in the operating
frequency band of the antenna. Since the core material of the
antenna has a foreshortening effect, the annular space sur-
rounding the inner conductor is filled with an insulating
dielectric material having a relatively small dielectric con-
stant, the feeder structure 18 distally of the sleeve has a short
electrical length. As a result, signals at the distal end of the
feeder structure 18 are at least approximately balanced. A
further effect of the sleeve 20 is that for frequencies in the
region of the operating frequency of the antenna, the rim
20U of the sleeve 20 is effectively isolated from the ground
represented by the outer conductor of the feeder structure.
This means that currents circulating between the antenna
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elements 10PA, 10PB, 10QA, 10QB are confined substan-
tially to the rim part. The sleeve thus acts as an isolating trap
when the antenna is resonant in a balanced mode.

Since the first and second antenna elements of each group
10P, 10Q are formed having different electrical lengths at a
given frequency, the conductive loops formed by the ele-
ments also have different electrical lengths. As a result, the
antenna resonates at two different resonant frequencies, the
actual frequencies depending, in this case, on the widths of
the elements. As FIG. 1 shows, the generally parallel ele-
ments of each group extend from the region of the feed
connection on the distal end face of the core to the rim 20U
of the balun sleeve 20, thus defining an inter-element
channel or slit 11P, 11Q (FIG. 13) between the elements of
each group.

The length of the channels are arranged to achieve sub-
stantial isolation of the conductive paths from one another at
their respective resonant frequencies. This is achieved by
forming the channels with an electrical length of A/2, or nA/2
where n is an odd integer. In effect, therefore, the electrical
lengths of each of those edges of the conductors 10PA,
10PB, 10QA, 10QB bounding the channels 11P, 11Q are also
A2 orni/2. At aresonant frequency of one of the conductive
loops, a standing wave is set up over the entire length of the
resonant loop, with equal values of voltage being present at
locations adjacent the ends of each A/2 channel, i.e. in the
regions of the ends of the antenna elements. When one of the
loops is resonating, the antenna elements which form part of
the non-resonating loop are isolated from the adjacent
resonating elements, since equal voltages at either ends of
the non-resonant elements result in zero current flow. When
the other conductive path is resonant, the other loop is
likewise isolated from the resonating loop. To summarise, at
the resonant frequency of one of the conductive paths,
excitation occurs in that path simultaneously with isolation
from the other path. It follows that at least two quite distinct
resonances are achieved at different frequencies due to the
fact that each branch loads the conductive path of the other
only minimally when the other is at resonance. In effect, two
or more mutually isolated low impedance paths are formed
around the core.

The channels 11P, 11Q are located in the main between
the antenna elements 10PA, 10PB, 10QA, 10QB respec-
tively, and extend by a relatively small distance into the
sleeve 20. Typically, for each channel, the length of the
channel part is located between the elements would be no
less than 0.7 L, where L is the total physical length of the
channel.

Other features of the antenna of FIG. 1 are described in
the above-mentioned British Patent Applications Nos.
2351850A and 2309592A, the disclosures of which are
incorporated in this application by reference.

The applicant has discovered that the antenna of FIG. 1
exhibits three fundamental balanced mode resonances.
Referring to FIG. 2, which includes a graph plotting inser-
tion loss (S11) with frequency and also shows a portion of
one of the groups of antenna elements 10PA, 10PB where
they meet the rim 20U of the sleeve 20 (see FIG. 1), each
individual element 10PA, 10PB gives rise to a respective
resonance 30A, 30B. The electrical lengths of the elements
are such that these resonances are close together and are
coupled. Each of these resonances has an associated current
in the respective radiating element 10PA, 10PB which, in
turn, induces a respective magnetic field 32A, 32B around
the element 10PA, 10PB and passing through the slit 11P, as
shown in FIG. 2. The applicants have discovered that there
exists a third mode of resonance, which is also a balanced
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mode resonance, with an associated current which is com-
mon to both elements 10PA, 10PB and which has an
associated induced magnetic field 32C that encircles the
group 10P of elements 10PA, 10PB without passing through
the channel or slit 11P between the two elements 10PA,
10PB.

The coupling between the resonances 30A, 30B due to the
individual tracks can be adjusted by adjusting the length of
the channel 11P which isolates the two tracks from each
other. In general, this involves forming the channel so that
it passes a short distance into the sleeve 20. This yields
circumstances that permit each helical element 10PA, 10PB
to behave as a half wave resonant line, current fed at the
distal end face of the core 12 (FIG. 1) and short circuited at
the other end, i.e., the end where it meets the rim 20U of the
sleeve 20, such that either (a) resonant currents can exist on
any one element or (b) no currents exist due to the absence
of drive conditions.

As explained above, the frequencies of the resonances
associated with the individual elements 10PA, 10PB are
determined by the respective track widths which, in turn, set
the wave velocities of the signals that they carry.

The applicant has found that it is possible to vary the
frequency of the third resonance 30C differently from the
frequencies of the individual element resonances 30A, 30B.

In the preferred loop antenna of the present invention, this
is done by forming the helical elements 10PA, 10PB, 10QA,
10QB such that their outermost edges are meandered with
respect to their respective helical paths, as shown in FIGS.
3A to 3C. As will be seen from FIG. 3C, the outwardly
directed edge 10PAO, 10PBO, 10Q0, 10QO of each helical
element 10PA, 10PB, 10QA, 10QB deviates from the helical
path in a sinusoidal manner along the whole of its length.
The inner edges of the elements 10PA, 10PB, 10QA, 10QB
are, in this embodiment, strictly helical and parallel to each
other on opposite sides of the respective channel 11P, 11Q.
The sinusoidal paths of the outermost edges of the elements
of each group are also parallel. This is because at any given
point along the elements 10PA, 10PB or 10QA, 10QB of a
group, the deviations of the respective outermost edges are
in the same direction. The deviations also have the same
pitch and the same amplitude.

The effect of the meandering of the outermost edges of the
elements 10PA, 10PB, 10QA, 10QB is to shift the natural
frequency of the common-current mode down to a frequency
which depends on the amplitude of the meandering. In
effect, the common-current resonant mode which produces
resonance 30C (FIG. 2) has its highest current density at the
outermost edges 10PAO to 10QBO, and altering the ampli-
tude of the meandering tunes the frequency of the resonance
30C at a faster rate than the frequencies of the individual
elements (i.e. the resonances 30A, 30B in FIG. 2). This is
because, as will be seen from FIG. 2, when compared with
FIG. 3C, the currents associated with the common-current
mode, producing resonance 30C, are guided along two
meandering edges 10PAO, 10PBO; 10QAO, 10QBO, rather
than along one meandered edge and one straight edge as in
the case of the individual elements 10PA, 10PB, 10QA,
10QB.

This variation in the length of the outermost edges of the
elements 10PA, 10PB, 10QA, 10QB can be used to shift the
third resonance 30C closer to the resonances 30A and 30B,
as shown in FIG. 4, to produce an advantageous insertion
loss characteristic covering a band of frequencies. In the
particular example shown in FIG. 6, the antenna has an
operating band coincident with the IMT-2000 3-G receive
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band of 2110 to 2170 MHz, and a fractional bandwidth
approaching 3% at -9 dB has been achieved.

In an alternative embodiment of the invention, each group
of antenna elements may comprise three elongate elements
10PE, 10PF, 10PG, 10QE, 10QF and 10QG, as shown in
FIGS. 5A to 5C, which are views corresponding to the views
of FIGS. 3A to 3C in respective of the first embodiment.

As before, each element has a corresponding radial por-
tion 10PER to 10QGR connecting to the feeder structure,
and each element is terminated at the rim 20U of the sleeve
20. The elements within each group 10PE, 10PF, 10PG,
10QE, 10QF, 10QG are separated from each other by half
wave channels 11P1, 11P2; 11Q1, 11Q2 which, as in the first
embodiment, extend from the distal face 12D of the core into
the sleeve 20, as shown.

In addition, as in the embodiment of FIGS. 3A to 3C, the
elements in each group are of different average widths, each
element within each group having an element of a corre-
sponding width in the other group, elements of equal aver-
age width being diametrically opposed across the core on
opposite sides of the core axis. In this case, the narrowest
elements are elements 10PE and 10QE. The next wider
elements are those labelled 10PG and 10QG, and the widest
elements are the elements in the middle of their respective
groups, elements 10PF and 10QF.

Referring to the diagram of FIG. 6, it will be seen that, in
addition to the currents in the individual elements of each
group, giving rise to correspondingly induced magnetic
fields 30D, 30E, and 30F, the three-element structure offers
shared current modes associated with currents common to
respective pairs of elements (producing magnetic fields 30G
and 30H) and currents common to all three elements (pro-
ducing a magnetic field appearing in FIG. 6 as field 301). It
follows that this antenna offers six fundamental balanced
mode resonances which, with appropriate adjustment of the
widths of the elements 10PE, 10PF, 10PG, 10QE, 10QF and
10QG and meandering of element edges, can be brought
together as a collection of coupled resonances, as shown in
FIG. 7. In this case, the antenna is configured to produce
resonances forming an operating band corresponding to the
GSM1800 band extending from 1710 to 1880 MHz.

Referring back to FIG. 5C, it will be seen that in this
embodiment, the outer elements of each group have their
outermost edges meandered. In practice, the inner edges of
the outer elements 10PE, 10PG; 10QE, 10QG may also be
meandered, but to a lesser amplitude than the meandering of
the outer edges. The edges of the inner elements 10PF, 10QF
are helical in this case.

While the bandwidth of an antenna can be increased using
the techniques described above, some applications may
require still greater bandwidth. For instance, the 3-G receive
and transmit bands as specified by the IMT-2000 frequency
allocation are neighbouring bands which, depending on the
performance required, may not be covered by a single
antenna. Since dielectrically-loaded antennas as described
above are very small at the frequencies of the 3-G bands, it
is possible to mount a plurality of such antennas in a single
mobile telephone handset. The antennas described above are
balanced mode antennas which, in use, are isolated from the
handset ground. It is possible to employ a first antenna
covering the transmit band and a second antenna covering
the receive band, each having a filtering response (as shown
in the graphs included in the drawings of the present
application) to reject the other band. This allows the expen-
sive diplexer filter of the conventional approach in this
situation (i.e. a broadband antenna and a diplexer) to be
dispensed with.
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Referring now to FIGS. 8 to 10, a quadrifilar antenna in
accordance with the invention has an antenna element
structure with four longitudinally extending groups of radi-
ating conductive tracks 10AA, 10AB, 10BA, 10BB, 10CA,
10CB, 10DA, 10DB which are formed on the cylindrical
outer surface 12C of a solid ceramic core 12.

The core has an axial passage and the passage houses a
coaxial feeder structure having an outer conductor 19, an
inner dielectric insulating layer 17 and an inner conductor
16. The outer conductor 19 of the feeder structure may be
spaced from the wall of the axial passage through the core
12 in which it is housed by a dielectric layer (not shown in
the drawings) having a relative dielectric constant less than
the relative dielectric constant of the material of the core. In
particular, such a dielectric layer may consist of a plastics
sheath as described and shown in the above-mentioned
British Patent No. 2367429, the entire contents of which are
incorporated in the present application by reference.

This coaxial feeder structure is for connecting radio
communication apparatus (not shown) to the longitudinally
extending track groups. The antenna element structure also
includes four radial elements 10AR, 10BR, 10CR, 10DR
formed as metallic tracks on a distal end face 12D of the core
12, connecting ends of the conductive tracks 10AA-10DB of
the respective four longitudinally extending track groups to
the feeder structure. The other ends of the conductive tracks
10AA-10DB are connected to a common virtual ground
conductor 20 in the form of a plated sleeve surrounding a
proximal end portion of the core 12. This sleeve 20 is, in
turn, connected to the outer conductor 19 of the feeder
structure in a manner described below. Two of the radial
tracks 10CR, 10DR are connected at their inner ends to the
inner conductor 16 of the feeder structure at the distal end of
the core 12, and the other two radial tracks 10AR, 10BR are
connected to the feeder screen formed by the outer conduc-
tor 19 of the feeder structure.

In this embodiment of the invention the four groups
10AA, 10AB-10DA, 10DB of conductive tracks 10AA-
10DB are helical and have different lengths. Two of the
groups 10BA, 10BB; 10DA, 10DB being longer than the
other two 10AA, 10AB; 10CA, 10CB by virtue of extending
nearer to the proximal end of the core 12. The elements of
each pair of conductive track groups 10AA, 10AB, 10CA,
10CB; 10BA, 10BB, 10DA, 10DB are diametrically oppo-
site each other on opposite sides of the core axis and each
group of helical tracks 10AA-10DB follows a helical path
centred on the axis of the cylindrical core. The difference in
length between the two pairs of track groups in this embodi-
ment results from the upper rim or linking edge 20U of the
sleeve 20 being of varying height (i.e. varying distance from
the proximal end face 12P of the core) to provide points of
connection for the long and short track groups respectively.
Thus, in this embodiment, the rim 20U follows a shallow
zig-zag path around the core 12, the shorter track groups
10AA, 10AB; 10CA, 10CB meeting the rim 20U at points
on the rim which are further from the proximal end face 12P
than the points where the longer track groups 10BA, 10BB;
10DA, 10DB meet the rim 20U. The helical centre line of
each of the track groups 10AA, 10AB-10DA, 10DB sub-
tends substantially the same angle of rotation at the core
axis, here in the region of about 180°, i.e. or half turn.

As described in, for instance, the above-mentioned British
Patent No. 2310543, the differing lengths of the conductive
paths constituted by the combinations of the radial tracks
10AR-10DR and helical track groups 10AA, 10AB-10DA,
10DB produce different transmission delays at a central
operating frequency located between the resonant frequen-
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cies associated with the longer and shorter conductive paths,
such that the antenna has a resonant mode for receiving or
transmitting circularly polarised signals.

With the left-handed sense of the helical paths of the
conductive track groups 10AA, 10AB-10DA, 10DB, the
antenna has its highest gain for right-hand circularly
polarised signals incident the antenna on the core axis and
from above the distal end face 12D. If the antenna is to be
used for left-hand circularly polarised signals, the direction
of'the helices is reversed and the pattern of connection of the
radial elements is rotated through 90°. In the case of an
antenna suitable for receiving both left-hand and right-hand
circularly polarised signals, the conductive track groups can
be arranged to follow paths which are generally parallel to
the axis of the core.

The conductive sleeve 20 covers a proximal portion of the
antenna core 12 and is proximally connected to the outer
conductor 19 of the feeder structure by conductive plating
22 on the proximal end face 12P of the core 12. As described
in the above-mentioned British Patent No. 2310543, the
combination of the sleeve 20 and the plating 22 forms a
balun so that signals on the transmission line formed by the
feeder structure 16, 17, 19 are converted between an unbal-
anced state and the proximal end of the feeder structure and
at at least approximately balanced state at the distal end. The
disclosure of Patent No. 2310543 is incorporated in the
present application by reference.

The combination of the sleeve 20 and proximal end face
plating 22 also has the effect of isolating the rim 20U from
the outer conductor 19 of the feeder structure at the oper-
ating frequencies of the antenna so that currents in the
conductive track groups 10AA, 10AB-10DA, 10DB circu-
late between the inner and outer conductors 16, 19 of the
feeder structure at its distal termination via conductive loops
formed by respective pairs of the conductive track groups
and portions of the sleeve rim 20U.

In practice, the conductive tracks in each group 10AA,
10AB-10DA, 10DB provide respective alternative conduct-
ing paths between the feed connection and the sleeve rim
20U. The tracks of each pair 10AA, 10AB-10DA, 10DB are
separated by a respective channel or slit 11A, 11B, 11C, 11D
extending from, firstly, a point at or very close to the
connection of the track group to its respective radial element
10AR, 10BR, 10CR, 10DR to, secondly, the region where
the tracks 10AA, 10AB-10DA, 10DB are connected to the
sleeve rim 20U. More precisely, each channel 11A, 11B,
11C, 11D extends to the level of the rim 20U where it is
connected to the respective tracks on each side of the
channel. Preferably, however, the channel ends at a level just
short of the level of the rim 20U at the respective track
connections.

In this embodiment, the edges of the tracks 10AA-10DB
which bound the respective channel 11A, 11B, 11C, 11D
deviate from respective helical lines, e.g., by following
respective meandering paths so that the channel 11A, 11B,
11C, 11D has a wave-like sinusoidal configuration with
substantially parallel sides. In this way, the electrical length
associated with each channel 11A, 11B, 11C, 11D is
increased so as to be greater than the electrical lengths of the
outwardly facing edges of the tracks of the corresponding
track group 10AA, 10AB-10DA, 10DB. In practice, the
electrical length associated with each channel approaches
equivalence to a half wavelength at an operating frequency
within the operating band of the antenna. The currents in the
conductive paths on either side of the channel then develop
a phase independence one from the other. This effect can be
visualised by the analogy of two half-wave simple-harmonic
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resonances independently carried on respective tracks.
According to the required electrical characteristics, includ-
ing required bandwidth, the level of dissociation of the
current flowing in the tracks of each pair 10AA, 10AB-
10DA, 10DB produces a region of phase dwell in an
otherwise linear phase-versus-frequency characteristic of
the composite line formed by the pair of tracks. In effect,
depending on the level of current dissociation, the band over
which substantial phase orthogonality is achieved between
currents in the shorter composite lines 10AA, 10AB; 10CA,
10CB and those in the longer composite lines 10BA, 10BB;
10DA, 10DB can be altered. This, in turn, affects the band
over which the antenna is resonant in a mode associated with
circularly-polarised radiation. Such phase dwell can be
observed using a test arrangement such as that described and
shown in the above-mentioned Patent No. 2356086. By
bringing capacitive probes into juxtaposition with the lower
ends of the composite lines, i.e. adjacent the sleeve rim 20U,
the phases of the currents in the lines can be monitored as the
antenna is supplied with a swept frequency signal from a
generator coupled to the feed structure 16, 17, 18. The graph
of FIG. 4 represents the phase-versus-frequency character-
istics obtained from four probes in juxtaposition with the
four composite lines. The antenna gain for circularly-po-
larised radiation incident along the axis of the antenna core
12 from the end having the feed connection towards the
proximal end reaches a maximum when the two character-
istics 30A, 30C for the shorter lines 10AA, 10AB; 10CA,
10CB exhibit about a 90° difference compared to the char-
acteristics for the longer lines 10BA, 10BB; 10DA, 10DB
respectively. As shown in FIG. 4, approximate phase
orthogonality is achieved over a bandwidth B. In this
embodiment B is approximately 16 MHz about a centre
frequency of 1618 MHz.

The tracks of each track group 10AA, 10AB-10DA,
10DB may have differing average widths to yield different
average electrical lengths within each group. However, it
will be noted that a first track 10AA, 10BA, 10CA, 10DA of
each track group meets the sleeve rim 20U with an acute
included angle between them whereas, conversely, a second
track 10AB, 10BB, 10CB, 10DB of each group meets the
sleeve rim 20U with an obtuse included angle. These dif-
ferences in the way in which the respective tracks meet the
sleeve rim also cause small differences in the average
electrical length of the tracks of each track pair. Conse-
quently, even if the tracks of each pair have the same average
width, there are two coupled resonances at slightly different
frequencies associated with the longer track groups 10BA,
10BB; 10DA, 10DB and, similarly, there are two coupled
resonances of different frequencies associated with the
shorter track groups 10AA, 10AB; 10CA, 10CB.

The width of the channel is typically less than the average
width of the tracks on each side. In general terms, the width
of the channel is less than the spacing between adjacent
groups of tracks 10AA, 10AB-10DA, 10DB, and preferably
less than half of the spacing between the adjacent track
groups. Each mutually adjacent pair of conductive tracks
10AA, 10AB-10DA, 10DB may be considered as forming
part of a composite radiating helical antenna element.

By restricting the longitudinal extent of the channels
11A-11D so that at least part of each radial portion 10AR-
10DR on the distal end face 12D of the core remains
undivided, the radial portions can be reserved for forming
cut-outs in the form of apertures 28 for trimming the antenna
using, e.g., laser etching as described in the above-men-
tioned Patent No. 2356086.
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In the above-described embodiment, the electrical lengths
associated with the channels 11A-11D are increased com-
pared with the average electrical lengths of the respective
track groups 10AA, 10AB-10DA, 10DB by arranging for
the edges of the tracks bounding the channels to be longer
than the other edges of the tracks. In other words, each track
inner edge deviates from a mean helical path whereas the
outer edge of the respective track follows a simply helical
path or deviates from such a path to a lesser degree than the
deviation of the inner edge. In effect, the helical wave
velocity associated with the channels 11A-11D is reduced by
compared with the wave velocity associated with the outer
edges of the tracks.

Such slowing of the wave velocity may be achieved in
other ways. For instance, the physical lengths of the chan-
nels may be approximately be the same as the average
helical length along the corresponding portion of the group
of tracks but each channel may have, above, below, or within
itself, an elongate dielectric element made of a material
having a relative dielectric constant which is higher than the
relative dielectric constant of the core 12. Thus, the core may
be formed with integral higher-dielectric helical strips in
registry with each channel or strips of a higher dielectric
constant may be applied over or in each channel after the
conductive tracks have been plated on the core 12 so that the
average relative dielectric constant associated with the chan-
nel is higher than that associated with the outer edges of each
track group.

What is claimed is:

1. A dielectrically-loaded antenna for operation at fre-
quencies in excess of 200 MHz, comprising an electrically
insulative core of a solid material having a relative dielectric
constant greater than 5, a feed connection, and an antenna
element structure disposed on or adjacent the outer surface
of'the core, the material of the core occupying the major part
of the volume defined by the core outer surface, wherein the
antenna element structure comprises a plurality of laterally
opposed groups of conductive clongate elements, said
groups being spaced apart on said core outer surface and
each group comprising first and second substantially coex-
tensive elongate elements which are coupled together at
respective first ends at a location in the region of the feed
connection and at respective second ends at a location
spaced from the feed connection, wherein the antenna ele-
ment structure further comprises a linking conductor linking
the second ends of the first and second elongate elements of
each of the plurality of groups of elements with the second
ends of the first and second elements of the other of said
plurality of groups of elements, whereby the first and second
elements respectively of each of said plurality of groups
form parts of different looped conductive paths, said paths
having different respective resonant frequencies within an
operating frequency band of the antenna and each extending
from the feed connection to the linking conductor, and then
back to the feed connection, and wherein at least one of the
said elongate antenna elements comprises a conductive strip
on the outer surface of the core, the strip having opposing
edges of different lengths.

2. An antenna according to claim 1, wherein the or each
said conductive strip has opposing edges of different lengths
by virtue of the opposing edges being non-parallel.

3. An antenna according to claim 1, wherein that edge of
the strip which is furthest from the other elongate element or
elements in its group is longer than the edge which is nearer
the other elongate element or elements of the group.
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4. An antenna according to claim 3, wherein the longer
edges are each meandered over the major part of their
length.

5. An antenna according to claim 1, wherein each of said
plurality of groups of elongate antenna elements has two
mutually adjacent elements.

6. An antenna according to claim 5, wherein the elongate
elements of each pair have different electrical lengths and
define between them a parallel-sided channel, each element
having a meandered edge.

7. An antenna according to claim 1, wherein that edge of
the strip which is nearest to the other elongate element or
elements in its group is longer than the edge which is further
from the elongate element or elements of the group.

8. An antenna according to claim 1, wherein at least one
of the edges of the or each said conductive strip is mean-
dered.

9. An antenna according to claim 1, wherein the first and
second elongate elements of each group have an edge which
is an outermost edge of the group and both outermost edges
are longer than the inner edges of the said elements of the
group.

10. An antenna according to claim 9, wherein the said
outermost edges of each group are substantially parallel to
each other.

11. An antenna according to claim 1, wherein the first and
second elements of each group are neighbouring elements
and each has an inner edge which is longer than its outer
edge.

12. An antenna according to claim 11, wherein said inner
edges are substantially parallel to each other.

13. An antenna according to claim 1, wherein the said
elongate antenna elements each extend from the feed con-
nection to the linking conductor, and each has an electrical
length in the region of a half wavelength at a frequency
within the operating frequency band of the antenna.

14. An antenna according to claim 13, wherein the core is
cylindrical and the feed connection comprises a feeder
termination on an end face of the core, and wherein the
major part of each said elongate antenna element comprises
a helical conductor which executes a half turn around the
core centred on the core axis, and wherein the linking
conductor comprises an annular conductor around the core
centred on the axis.

15. An antenna according to claim 14, including an axial
feeder structure extending through the core from the feeder
connection on a first end face of the core to a second end face
of the core, and wherein the linking conductor comprises a
conductive sleeve connecting the said second ends of the
elongate elements to the feeder structure at a position spaced
from the said feeder connection.

16. An antenna according to claim 1, having a fractional
bandwidth of at least 3% at an insertion loss of -6 dB.

17. A dielectrically-loaded antenna for operation at fre-
quencies in excess of 200 MHz, comprising an electrically
insulative core of a solid dielectric material having a relative
dielectric constant greater than 5, a feed connection, and an
antenna element structure disposed on or adjacent the outer
surface of the core, wherein the core has end surfaces and
side surfaces and an axis of symmetry passing through the
end surfaces, and wherein the antenna element structure
comprises a plurality of groups of elongate antenna elements
spaced apart on said side surfaces of the core, each group
forming part of a plurality of looped conductive paths which
extend from a first terminal to a second terminal of the feed
connection and which have different electrical lengths at a
frequency within an operating band of the antenna, and each
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group comprising first and second substantially coextensive
elongate radiating elements which run side-by-side on or
adjacent the side surfaces of the core and which form part of
a different respective one of said looped paths of differen-
telectrical lengths, wherein at least one of the said elongate
elements on or adjacent the side surfaces comprises a
conductive strip having non-parallel opposing edges such
that the opposing edges of strip are of different lengths.

18. An antenna according to claim 17, wherein the feed
connection is located on one of the end surfaces of the core
and the said elongate elements of the group are connected to
the feed connection by a plurality of connecting elements on
or adjacent the said end surface.

19. An antenna according to claim 17, wherein the strip
has non-parallel edges over at least the major part of its
length on the respective side surface or surfaces of the core.

20. A dielectrically loaded antenna for operation at fre-
quencies in excess of 200 MHz, comprising an electrically
insulative core of a solid material having a relative dielectric
constant greater than 5, a feed connection having a plurality
of feed nodes, and an antenna element structure disposed on
or adjacent the outer surface of the core, the material of the
core occupying the major part of the volume defined by the
core outer surface, wherein the antenna element structure
comprises a plurality of groups of conductive eclongate
elements, each group comprising first and second substan-
tially coextensive mutually adjacent elongate elements that
are both connected to a common said feed node, at least one
of which elements comprises a conductive strip on the outer
surface of the core, the strip having opposing edges of
different lengths.

21. An antenna according to claim 20, wherein the or each
said conductive strip has opposing edges of different lengths
by virtue of the opposing edges being non-parallel.

22. An antenna according to claim 20, wherein at least one
of the edges of the or each said conductive strip is mean-
dered.

23. An antenna according to claim 20, wherein each said
group of conductive elongate elements has a pair of mutu-
ally adjacent elements which define between them a sub-
stantially parallel-sided channel.

24. An antenna according to claim 23, wherein each of the
elements of said pair comprises a conductive helical track at
least one edge of which is meandered.

25. An antenna according to claim 20, further comprising
a linking conductor, said groups of conductive clongate
elements extending helically between the feed connection
and the linking conductor.

26. An antenna according to claim 20, wherein:

the core is cylindrical and has a central axis;

the feed connection comprises a feeder termination on an

end face of the core,

the antenna element structure includes a linking conductor

in the form of an annular conductor encircling the core
and centred on the axis, and

the groups of conductive elongate elements each comprise

a plurality of conductive tracks on the outer surface of
the core and extending between the feed connection
and the linking conductor, each track being helical in
form and each executing a half turn around the core
centred on said axis.

27. An antenna according to claim 26, wherein each said
group of conductive elongate elements has a pair of mutu-
ally adjacent conductive tracks which define between them
a substantially parallel-sided channel extending substan-
tially to the linking conductor.
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28. An antenna according to claim 27, including an axial
feeder structure extending through the core from the feeder
connection on a first end face of the core to a second end face
of the core, and wherein the linking conductor comprises a
conductive sleeve which interconnects said conductive
tracks at ends thereof opposite to said feed connection and
which is connected to the feeder structure at a position
spaced from said feed connection.

29. An antenna according to claim 20, wherein said first
and second coextensive elongate elements comprise, respec-
tively, a first conductive track having a first average width
and a second conductive track having a second average
width, the second average width being different from the
first average width.

30. An antenna according to claim 20, wherein said first
and second coextensive elongate elements comprise, respec-
tively, a first conductive track having a first electrical length
and a second conductive track having a second electrical
length which is different from the first electrical length.

31. An antenna according to claim 20, having four said
groups of conductive elongate elements.

32. An antenna according to claim 20, wherein said first
and second coextensive elongate elements comprise, respec-
tively, first and second coextensive conductive tracks defin-
ing between them a channel the width of which is less than
the spacing between the tracks of the respective said groups
and the tracks of neighbouring groups, and wherein the
electrical length of the channel is substantially a half wave-
length in an operative frequency hand of the antenna.

33. A quadrifilar helical antenna for operation in a fre-
quency band above 200 MHz, wherein the antenna com-
prises four coextensive composite helical antenna elements
each of which is formed as the combination of first and
second coextensive elongate conductors separated by a slit,
the width of the slit being less than half of the spacing
between the respective composite element and either of the
neighbouring composite elements, wherein each of said first
and second conductors has an inner edge portion bounding
the slit and an oppositely directed outer edge portion which
does not bound the slit, and, wherein the slit and said inner
edge portions of said first and second coextensive conduc-
tors define elongate boundary regions which at a frequency
within the operating band of the antenna have an associated
electrical length which is greater than the electrical length of
said outer edge portions of said first and second coextensive
conductors.

34. An antenna according to claim 33, wherein said
coextensive conductors of each composite element are elec-
trically linked together at or adjacent a common feed con-
nection.

35. An antenna according to claim 33, wherein the slit and
said edge portions of the said coextensive conductors bound-
ing the slit define elongate boundary regions having an
electrical length which is substantially n(2) </2 wheren is an
integer (1, 2,3, ...) and Q) , is the guide wavelength in the
boundary regions at a frequency within the operating band
of the antenna.

36. An antenna according to claim 33, comprising an
antenna substrate and a feed connection, wherein said first
and second coextensive elongate conductors are located on
an outer surface of the substrate and have first and second
ends, the first ends being connected together and to the feed
connection and the second ends being connected together on
or adjacent the said outer surface.

37. An antenna according to claim 33, wherein said first
and second coextensive elongate conductors are coextensive
over the whole of their respective lengths.
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38. An antenna according to claim 33, comprising a
cylindrical core made of a solid dielectric material having a
relative dielectric constant greater than 5, a feed connection
associated with one end of the core, and a linking conductor
associated with the other end of the core, wherein each of the
composite helical antenna elements comprises a pair of
co-extensive elongate conductive tracks on the cylindrical
outer surface of the core having respective first and second
ends, the first ends of the tracks being connected together
and to the feed connection and the seconds ends are con-
nected to the linking conductor, the linking conductor inter-
connecting all four composite helical antenna elements.

39. An antenna according to claim 33, wherein the slit is
meandered.

20

40. An antenna according to claim 33, including a plu-
rality of elongate dielectric elements each associated with a
respective said slit and having a higher relative dielectric
constant than the relative dielectric constant of the electri-
cally insulative surroundings of the composite antenna ele-
ments.

41. An antenna according to claim 33, wherein said first
and second coextensive elongate conductors comprise con-
ductive tracks formed on a dielectric substrate having a first
relative dielectric constant, and wherein the slit is occupied
by a material having a second relative dielectric constant
which is higher than the first relative dielectric constant.
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SLIT LOADED TAPERED SLOT PATCH
ANTENNA

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support. The
government has certain rights in the invention.

BACKGROUND OF THE INVENTION

1. Statement of the Technical Field

The inventive arrangements relate generally to slot anten-
nas, and more particularly to tapered slot patch antennas.

2. Description of the Related Art

Patch antennas are very popular due to their compact
planar configuration. In its simplest form, a microstrip patch
antenna consists of a radiating patch on one side of a
dielectric substrate, which has a ground plane on the other
side. Despite the relatively narrow bandwidth of many patch
antenna designs, they are well suited for many applications.
Various modifications can be included in patch antennas to
increase their overall bandwidth. One such broadband
antenna design is the bow-tie antenna that consists of two
triangular patches that are fed either through a pair of
microstrip lines on their surface or by lines originating on
different conductor layers.

Printed slot antennas comprise a slot in the ground plane
of'a grounded substrate. The shape of the slot can be selected
so to conform to the shape of many designs normally
associated with common microstrip patch antennas. For
example, conventional slot antenna designs include rectan-
gular slots, annular slots, and tapered slots. Slot antennas are
generally bidirectional radiators. They radiate electromag-
netic energy in opposing sides of the surface in which the
slot is formed. Radiation in a single direction is commonly
achieved by using a reflector plate on one side of the slot.
Microstrip slot antennas are advantageous in that they can
potentially offer bandwidths that are somewhat larger as
compared to ordinary patch antennas.

Tapered slot antennas are also known in the art. For
example, U.S. Pat. No. 6,429,819 to Bishop, et al. discloses
a dual band bow-tie shaped slot antenna. Bow-tie antennas
are also discussed in an article entitled Center-Fed Micros-
trip Patch Antenna, Zhi Ning Chen and Michael Yan Wah
Chia, IEEE Transactions on Antennas and Propagation, Vol.
51, No. 3, March 2003, p. 483. The bow-tie shaped slot
antenna generally consists of two triangular shaped slot
elements which converge at the points of the triangles to
form a narrow gap. The bow-tie shaped slot is etched into a
conductive patch surface. The two bands are fed with a
single antenna feed attached across a gap between the
midpoints of the converging region of the bow-tie segments.
Alternative feeds are known in the art. The low band
frequency of operation in such an antenna is defined by a
dimension of the conductive surface in which the slot is
etched. The higher band frequency of operation is primarily
determined by the dimensions of the bowtie slot.

Although the bow-tie slot antenna is relatively compact,
there is a continuing demand for devices that offer multi-
band performance in smaller packages. Further, there is a
continuing need for antennas of this type that offer high gain
on multiple frequency bands while providing similar radia-
tion patterns at the two different frequency bands. Providing
all of these characteristics in a very compact package can be
a challenging problem.
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2
SUMMARY OF THE INVENTION

The invention concerns a patch antenna for a wireless
communications device. The antenna can be operable on a
fundamental frequency and a first harmonic of the funda-
mental frequency, with substantially co-located peak gain
directions on the fundamental frequency and the first har-
monic of the fundamental frequency. The patch antenna can
also have the same polarization on the fundamental fre-
quency and the first harmonic of the fundamental frequency.

The patch antenna is formed from a conductive ground
plane member. The conductive ground plane member can
have a generally rectangular shape. A first aperture provided
in the conductive ground plane member can include a first
tapered portion and a second tapered portion. Each of the
first and second tapered portions respectively has opposing
tapered edges that generally converge along a direction
toward a central axis of the aperture. A transverse edge
connects the opposing tapered edges at a point along the
opposing tapered edges that is distal from the central axis.
The first aperture can further include a narrowed portion
extending between the first and second tapered portions. The
narrowed region can also have opposing channel edges that
together define an RF feed point for the patch antenna.
Overall, the first aperture defines a bow-tie shape.

The antenna also includes at least a second elongated
aperture formed in the conductive ground plane. For
example, the second elongated aperture can be provided to
provide reactive loading and disrupt the phasing of surface
currents within the conductive ground plane member around
the periphery of the first aperture. According to one aspect
of the invention, the second elongated aperture can have a
generally rectangular shape. The second elongated aperture
can also define an elongated edge. The elongated edge can
be positioned adjacent to one of the transverse edges formed
by the first aperture. Further, the elongated edge of the
second elongated aperture can be aligned with the transverse
edge of the first aperture. In any case, the elongated aperture
can be separated from the transverse edge of the first
aperture by a gap defined by a portion of the conductive
ground plane. A third elongated aperture similar to the
second elongated aperture can also be provided respectively
along a second one of the transverse edges.

One or more of the dimensions of the rectangular shape
defining the conductive ground plane member can be
selected for producing a first resonant frequency character-
istic of the antenna. Advantageously, the dimension for
producing the first resonant frequency can be reduced by the
presence of the second elongated aperture as compared to
the same dimension without the second elongated aperture.

The conductive ground plane member can be disposed on
a first side of a substantially planar dielectric element.
Further, a second conductive ground plane member can be
disposed on a second side of the substantially planar dielec-
tric element opposed from the first side. The second con-
ductive ground plane member can act as a reflector for the
antenna.

Advantageously, the patch antenna can have a first elec-
trical resonant frequency characteristic on a fundamental
frequency band and a second electrical resonant frequency
characteristic on a first harmonic of the fundamental fre-
quency band. For example, the first and second electrical
resonant frequency characteristic can include an input feed
point return loss magnitude greater than about 10 dB.
Alternatively, or in addition thereto, the first and second
electrical resonant frequency characteristic can be a peak
antenna gain along an antenna boresight direction. Further,
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a gain of the antenna within the fundamental frequency band
can be within about 3 dB of a second gain at the first
harmonic frequency band at each antenna azimuth angle,
within a predetermined range of angles around antenna
boresight. The antenna can also have the same polarization
on the fundamental frequency band and the first harmonic
frequency band.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a slit loaded tapered slot
patch antenna that is useful for understanding the invention.

FIG. 2 is a top view of a slit loaded tapered slot patch
antenna that is useful for understanding the invention.

FIG. 3 is side view of the antenna in FIG. 1.

FIG. 4 is a cross-sectional view of the antenna in FIG. 1,
taken along line 4-4.

FIG. 5 is a cross-sectional view of the antenna in FIG. 1,
taken along line 5-5.

FIG. 6 is a top view of the antenna in FIG. 1 and a
conventional bow-tie slot antenna shown side-by side for
comparison of certain characteristics.

FIG. 7 is a set of plots comparing peak gain for a slit
loaded tapered slot antenna and a conventional bow-tie slot
patch antenna on a fundamental frequency and a first har-
monic frequency.

FIG. 8 is a set of plots comparing cross-polarization for a
slit loaded tapered slot antenna and a conventional bow-tie
slot patch antenna on a fundamental frequency and a first
harmonic frequency.

FIG. 9 is a set of plots showing return loss versus
frequency for a slit loaded tapered slot antenna and a
conventional bow-tie slot patch antenna.

FIG. 10 is a drawing that is useful for understanding one
possible set of dimensions that can be used when imple-
menting the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention concerns a patch antenna 100 for a
wireless communications device. The antenna can be used
for both transmitting and receiving purposes Referring to
FIGS. 1-5, it can be observed that the patch antenna 100 is
formed from a conductive ground plane member 102. The
conductive ground plane member 102 can have a generally
rectangular shape. A first aperture 108 is provided in the
conductive ground plane member 102 and generally defines
a bow-tie shape.

The first aperture can include a first tapered portion 110
and a second tapered portion 112. Each of the first and
second tapered portions 110, 112 respectively has opposing
tapered edges 122, 124, 126, 128, that generally converge
along a direction toward a central axis 101. Transverse edges
123, 127 respectively connect the opposing tapered edges
122, 124, 126, 128 at a point along the opposing tapered
edges that is generally distal from the central axis 101. The
first aperture 108 can further include a narrowed region 115
which generally extends between the first and second
tapered portions 110, 112. The narrowed region 115 can also
have opposing channel edges 114, 116 that together define
an RF feed point for the patch antenna. As will be appreci-
ated by those skilled in the art, bow-tie shaped first aperture
108 generally provides a broader bandwidth as compared to
rectangular slot antenna designs.

The patch antenna 100 can also include a second elon-
gated aperture 118 formed in the conductive ground plane
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102. A third elongated aperture 120 can also be provided.
The second and third elongated apertures 118, 120 can each
have a generally rectangular shape as shown. The second
and third elongated apertures can each respectively define an
elongated edge 123, 127 as shown. The elongated edges 134,
136 can be positioned generally adjacent to respective ones
of the transverse edges 123, 127 formed by the first aperture
108. Further, the elongated edges 134, 136 can be aligned
with the transverse edges 123, 127 as illustrated in FIGS. 1
and 2. In any case, the elongated apertures 118, 120 can be
separated from the transverse edges 123, 127 of the first
aperture by a gap 130, 132 defined by a portion of the
conductive ground plane 102.

The conductive ground plane member 102 can be dis-
posed on a surface 106 of a substantially planar dielectric
element 104. Further, a second conductive ground plane
member 138 can be disposed on a second surface of the
substantially planar dielectric element 104 opposed from the
first side. The second conductive ground plane member can
act as a reflector for the antenna.

The conductive ground plane member 102 can be formed
of any suitable conductive material. For example, the con-
ductive material can be a metal selected from the group
consisting of copper, brass, aluminum, gold, or silver. Alter-
natively, the conductive ground plane can be formed from an
alloy of these metals. Further still, the conductive ground
plane can be formed from one or more of these metals plated
with another metal.

The planar dielectric element 104 can be comprised of
any suitable dielectric substrate material. Materials com-
monly used for this purpose include commercially available
low and high temperature cofired ceramics (LTCC, HTCC).
For example, low temperature 951 cofire Green Tape™ from
Dupont® is Au and Ag compatible, has a acceptable
mechanical properties with regard to thermal coefficient of
expansion (TCE). Similar products are available from other
manufacturers.

LTCC substrate systems commonly combine many thin
layers of ceramic and conductors. The individual layers are
typically formed from a ceramic/glass frit that can be held
together with a binder and formed into a sheet. Conductors
can be screened onto the layers of tape to form RF antenna
elements and ground planes 102, 138 as described herein.
Two or more layers of the same type of tape is then fired in
an oven.

Other materials commonly used as dielectric substrates
include Teflon® PTFE (PolyTetraFluoroEthylene) compos-
ites of glass fiber, woven glass and ceramics. Such products
are commercially available from a variety of manufacturers.
For example, Rogers Corporation of Chandler, Ariz. offers
such products under the trade name RT/duroid including
product numbers 5880, 6002, and 6010LM. Unlike LTCC
materials, these types of substrates do not generally require
a firing step before they can be used. Instead, they are
typically provided in the form of rigid board material with
a conductive metal ground plane formed on one or both
sides. Consequently, the conductive ground plane member
can be etched using conventional photolithographic tech-
niques to form the outline of the conductive ground plane
102 and the various apertures 108, 118, 120.

Referring again to FIGS. 1 and 2, the RF feed point
defined by the opposing edges of narrowed region 115 will
now be discussed in further detail. According to one embodi-
ment, the antenna feed connections are on opposing sides of
the narrowed region 115. For example, a coaxial cable (not
shown) can be used for this purpose. An inner conductor of
the coaxial cable can form an electrical connection with the
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conductive ground plane at channel edge 114. A shield
portion of the coaxial cable can form an electrical connec-
tion with the conductive ground plane at channel edge 116.
Conventional soldering techniques can be used for this
purpose. Other types of feed arrangements are also possible
as will be appreciated by those skilled in the art. For
example, a coupled microstrip feed, or a coupled parallel
waveguide (CPW) feed could also be used for this purpose.
Still, it should be understood that the invention is not limited
to any particular type of feed arrangement.

The patch antenna 100 disclosed in FIGS. 1-5 is a
significant improvement as compared to conventional
bowtie/slot antenna designs. The second and third apertures
118, 120 define two additional slits as compared to conven-
tional bow-tie antennas. As shown in FIGS. 1-5, a length of
these slits can run generally transverse to opposing tapered
edges 122, 124, 126, 128 and generally in parallel alignment
to the transverse edges 123, 127. Second and third apertures
118, 120 provide reactive loading along the peripheral
portion of antenna 100 along transverse edges 123, 127. The
second and third apertures also provide a mechanism for
effectively disrupting the phasing of surface currents.

There are several benefits of the arrangement described
herein. For example, the loading technique associated with
the use of the second and third apertures 118, 120 will reduce
the physical size of the rectangular conductive ground plane
member 102 as compared to the normal rectangular micros-
trip patch while operating at the same frequency. The patch
antenna 100 also provides a solution that is capable of
concurrently operating on two different frequency bands.
Specifically, the antenna offers good performance at a fun-
damental frequency centered at a fundamental frequency f,
and at a first harmonic frequency band centered about a first
harmonic frequency f; (where f;=21,). Advantageously, it
also provides similar radiation patterns at the two different
frequency bands. Notably, the peak gain is located on
boresight for both frequency bands of operation and is of
similar peak value. For example, a gain of the antenna within
the fundamental frequency band can be within about 3 dB of
a second gain at the first harmonic frequency band at each
antenna azimuth angle, within a predetermined range of
angles around antenna boresight. The patch antenna 100 also
provides the same polarization on the fundamental fre-
quency band and the first harmonic frequency band.

The addition of the second and third aperture 118, 120
running perpendicular to the opposing tapered 122, 124,
126, 128 is the mechanism that results in a reduction of the
physical dimensions of the conductive ground plane 102 at
the fundamental frequency. The size reduction occurs due to
increased electrical length along the resonant dimension [.1.
The second and third apertures 118, 120 also have the benefit
of disrupting surface currents so that the phasing at the first
harmonic frequency band f; will add in phase along bore-
sight instead of at an arbitrary elevation angle. This
improvement centers the peak radiation of both frequency
bands on boresight. In addition, the second and third aper-
tures increase the cross polarization discrimination by
approximately 8 dB at the first harmonic frequency f;.

As noted above, the patch antenna 100 is operable on two
separate frequency bands. Stated differently, this means that
the patch antenna 100 can have a first electrical resonant
frequency characteristic at the fundamental frequency band
and a second electrical resonant frequency characteristic at
the first harmonic frequency band. For example, the first and
second electrical resonant frequency characteristic can
include an input feed point return loss magnitude greater
than about 10 dB on each of the two frequency bands.
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Referring now to FIGS. 6A and 6B there is shown patch
antenna 100 and a conventional bow-tie slot patch antenna
600. In FIG. 6A, L1 is a resonant dimension of the patch
antenna 100 that is useful for drawing size comparisons of
patch antenna 100 as compared to the prior art. In FIG. 6A,
the value L1 is approximately 0.28 A at an operating
frequency f,. By comparison, the dimension of L2 for the
conventional bow-tie antenna 600 in FIG. 65 which is
designed for operating at the same frequency would be about
0.32, or about 13% larger. In a conventional rectangular
patch antenna operating at the same frequency, the corre-
sponding dimension would be approximately 0.4 A, or about
43% larger. Thus, it can be seen that the patch antenna 100
provides a significant size reduction as compared to con-
ventional antenna designs.

FIGS. 7-9 are a set of plots generated by computer model.
FIG. 7 shows a set of four plots that include peak gain for
a slit loaded tapered slot antenna to a conventional bow-tie
slot patch antenna on a fundamental frequency and a first
harmonic frequency. Plot 702 shows the gain characteristics
of a conventional bow-tie slot antenna at a fundamental
frequency f,,. Plot 704 shows the gain characteristic for the
patch antenna 100 at the same fundamental frequency. It
may be noted that the gain characteristics of the two anten-
nas are nearly identical at this frequency.

Plot 706 shows the gain characteristics of a conventional
bow-tie slot antenna at a first harmonic f; of the fundamental
frequency f,. Plot 708 shows the gain characteristics of
patch antenna 100 at the first harmonic f;. It may be noted
that the gain characteristics for the two antennas are similar,
with the patch antenna 100 exhibiting a decrease in peak
gain of only about 1.2 dB.

FIG. 8 is a set of plots comparing cross-polarization for
patch antenna 100 and a conventional bow-tie slot antenna
on a fundamental frequency f, and a first harmonic fre-
quency f;. Plot 802 shows the cross-polarization character-
istics of a conventional bow-tie slot antenna at a fundamen-
tal frequency f,. Plot 804 shows the cross-polarization
characteristics of the patch antenna 100 at the same funda-
mental frequency f,. Plot 806 shows the cross-polarization
characteristics of a conventional bow-tie slot antenna at the
first harmonic frequency f,. Plot 808 shows the cross-
polarization characteristic of the patch antenna 100 at the
first harmonic frequency f;. As can be observed in FIG. 7,
the patch antenna 100 exhibits improved cross-polarization
characteristics at the fundamental frequency f,, in and around
boresight. At the first harmonic frequency f,, there is a
further improvement in cross-polarization levels with the
patch antenna 100. In general, peak cross-polarization
shown by plot 808 is as much as 8 dB lower as compared to
peak cross-polarization values for plot the conventional
bow-tie antenna shown in plot 806.

FIG. 9 is a set of plots showing return loss versus
frequency for a slit loaded tapered slot antenna and a
conventional bow-tie slot patch antenna. Return loss of the
conventional bow-tie slot patch antenna is shown in plot
902. Return loss for the patch antenna 100 is show in plot
904. The return loss for the patch antenna 100 is degraded
slightly at the fundamental frequency fo as compared to the
conventional bow-tie antenna. However, the return loss
improves somewhat with the antenna 100 at the first har-
monic frequency f;.

Referring now to FIG. 10, there is shown a diagram of a
slit-loaded bow tie slot antenna diagram that is useful for
understanding the invention. The diagram in FIG. 10 shows
one possible set of dimensions that can be used in connec-
tion with the invention. The plots shown in FIGS. 7-10 were
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produced with a slit-loaded bow tie slot antenna having
dimensions consistent with those shown in FIG. 10. The
dimensions below are expressed in fractions of a wavelength
at a resonant frequency of the device. Dimensions in frac-
tions of wavelength are as follows:

A=0.29666 A

B=0.39425 »

C=0.18760 A

D=03201 A

E=0.01132 A

F=0.00937 A

Those skilled in the art will appreciate that the inventions
provided herein are not intended to limit the invention. Other
dimensions suitable for specific applications may also be
determined based on experimental results or computer mod-
eling.

The invention described and claimed herein is not to be
limited in scope by the preferred embodiments herein dis-
closed, since these embodiments are intended as illustrations
of several aspects of the invention. Any equivalent embodi-
ments are intended to be within the scope of this invention.
Indeed, various modifications of the invention in addition to
those shown and described herein will become apparent to
those skilled in the art from the foregoing description. Such
modifications are also intended to fall within the scope of the
appended claims.

A number of references are cited herein, the entire dis-
closures of which are incorporated herein, in their entirety,
by reference for all purposes. Further, none of these refer-
ences, regardless of how characterized above, is admitted as
prior to the invention of the subject matter claimed herein.

I claim:

1. A patch antenna for a wireless communications device,
comprising:

a conductive ground plane member;

a first aperture provided in said conductive ground plane
member including a first tapered portion and a second
tapered portion, each of said first and second tapered
portions respectively having opposing tapered edges
that converge along a direction toward a central axis of
said first aperture and a transverse edge connecting said
opposing tapered edges at a point distal from said
central axis, to define a bow-tie shape; and

at least a second elongated aperture formed in said
conductive ground plane, an elongated edge of said
second elongated aperture positioned adjacent to said
transverse edge and separated from said transverse
edge by a gap defined by a portion of said conductive
ground plane.

2. The patch antenna according to claim 1, wherein said
conductive ground plane member has a generally rectangu-
lar shape.

3. The patch antenna according to claim 2, wherein at
least one dimension of said rectangular shape is selected for
producing a resonant frequency characteristic of said
antenna, and said at least one dimension for producing said
resonant frequency is reduced by the presence of said second
elongated aperture as compared to without said second
elongated aperture.

4. The patch antenna according to claim 1, wherein said
second elongated aperture has a generally rectangular shape.

5. The patch antenna according to claim 1, wherein said
elongated edge of said second elongated aperture is aligned
with said transverse edge of said first aperture.
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6. The patch antenna according to claim 1, wherein said
conductive ground plane member is disposed on a first side
of a substantially planar dielectric element.

7. The patch antenna according to claim 6, wherein a
second conductive ground plane member is disposed on a
second side of said substantially planar dielectric element
opposed from said first side.

8. The patch antenna according to claim 1, wherein said
first aperture further includes a narrowed portion extending
between said first and second tapered portions.

9. The patch antenna according to claim 8, wherein said
narrowed region has opposing channel edges that together
define an RF feed point for said patch antenna.

10. The patch antenna according to claim 1, wherein said
antenna has a first electrical resonant frequency character-
istic on a fundamental frequency band and a second elec-
trical resonant frequency characteristic on a first harmonic of
said fundamental frequency band.

11. The patch antenna according to claim 10, wherein said
first and second electrical resonant frequency characteristic
comprise a characteristic selected from the group consisting
of (1) an input feed point return loss magnitude greater than
about 10 dB, and (2) antenna peak gain along an antenna
boresight direction.

12. The patch antenna according to claim 10, wherein a
gain of said antenna within said fundamental frequency band
is within about 3 dB of a second gain at said first harmonic
frequency band at each antenna azimuth angle within a
predetermined range.

13. The patch antenna according to claim 10, wherein said
antenna has the same polarization on said fundamental
frequency band and said first harmonic of said fundamental
frequency band.

14. A patch antenna for a wireless communications
device, comprising:

a conductive ground plane member;

a first aperture provided in said conductive ground plane
member including a first tapered portion and a second
tapered portion, each of said first and second tapered
portions respectively having opposing tapered edges
that converge along a direction toward a central axis of
said first aperture and a transverse edge connecting said
opposing tapered edges at a point distal from said
central axis, to define a bow-tie shape; and

at least one disrupting aperture formed in said conductive
ground plane respectively positioned adjacent to each
of said transverse edges, each said disrupting aperture
separated from said transverse edge by a gap defined by
a portion of said conductive ground plane, wherein said
disrupting aperture produces a reactive loading effect.

15. The patch antenna according to claim 14, wherein said
conductive ground plane member has a generally rectangu-
lar shape.

16. The patch antenna according to claim 15, wherein at
least one dimension of said rectangular shape is selected for
producing a resonant frequency characteristic of said
antenna, and said at least one dimension for producing said
resonant frequency is reduced by the presence of said
disrupting aperture as compared to without said disrupting
aperture.

17. The patch antenna according to claim 14, wherein said
patch antenna is operable on a fundamental frequency and a
first harmonic of said fundamental frequency, with substan-
tially co-located peak gain directions on said fundamental
frequency and said first harmonic of said fundamental
frequency.
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18. The patch antenna according to claim 17, wherein a
difference between a magnitude of said peak gain on said
fundamental frequency and said first harmonic of said
fundamental frequency is less than about 3 db.

19. A patch antenna for a wireless communications
device, comprising:

a conductive ground plane member;

a first aperture provided in said conductive ground plane

member including a first tapered portion and a second

10

second elongated aperture positioned adjacent to said
transverse edge and separated from said transverse
edge by a gap defined by a portion of said conductive
ground plane;

wherein said antenna is operable on a fundamental fre-

quency and a first harmonic of said fundamental fre-
quency, with substantially co-located peak gain direc-
tions on said fundamental frequency and said first

tapered portion, each of said first and second tapered
portions respectively having opposing tapered edges
that converge along a direction toward a central axis of
said first aperture and a transverse edge connecting said
opposing tapered edges at a point distal from said
central axis, to define a bow-tie shape;

at least a second elongated aperture formed in said
conductive ground plane, an elongated edge of said

10 harmonic of said fundamental frequency.

20. The patch antenna according to claim 19, wherein said
antenna has the same polarization on said fundamental
frequency and said first harmonic of said fundamental

15 frequency.
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MOBILE WIRELESS COMMUNICATIONS
DEVICE HAVING DUAL ANTENNA SYSTEM
FOR CELLULAR AND WIFI

FIELD OF THE INVENTION

The present invention relates to the field of communica-
tions devices, and more particularly, to communications
devices that use dual antenna systems.

BACKGROUND OF THE INVENTION

Cellular communication systems continue to grow in
popularity and have become an integral part of both personal
and business communications. Cellular telephones and simi-
lar devices allow users to place and receive phone calls most
anywhere they travel. Moreover, as cellular telephone tech-
nology is increased, so too has the functionality of cellular
devices. For example, many cellular devices now incorpo-
rate Personal Digital Assistant (PDA) features such as
calendars, address books, task lists, calculators, memo and
writing programs, etc. These multi-function devices usually
allow users to send and receive electronic mail (email)
messages wirelessly and access the internet via a cellular
network and/or a wireless local area network (WLAN), for
example, when the devices include appropriate circuitry for
WiFi and other IEEE 802.11 WLAN access.

Many of the cellular communications use packet burst
transmissions as part of a Global System for Mobile com-
munications (GSM) system, which includes the 850 MHz,
900 MHz, 1800 MHz and 1900 MHz frequency bands.
Although these mobile wireless communication devices
function as a cellular telephone, as noted before, the device
can also operate and incorporate Personal Digital Assistant
(PDA) features and send and receive email and other mes-
sages wirelessly and across the internet via the cellular
network and/or a wireless Local Area Network (LAN). This
function can include access to “hot spots™ as part of a WiFi
network using IEEE 802.11 standards.

When such devices incorporate WiFi technology, the
circuits could be considered to describe WLAN products
based on IEEE 802.11 standards, using one or more Access
Points (APs) as “hot spots” and various numbers of clients.
An AP typically broadcasts a Service Set Identifier, “net-
work name” (SSID), using packets called “beacons” by
some skilled in the art, which are broadcast every one
hundred or so milliseconds at about one Mbit\s duration in
some non-limiting examples. Some of these WiFi devices
operate in the 2.4 or 5.0 GHz band.

A wireless access point usually connects wireless stations
to an adjacent, wired local area network, and is operative
similar to an Ethernet hub. The access point can relay
wireless data to other compatible wireless devices and to a
single, connected local area network device, such as a
Ethernet hub or switch. Wireless routers are often used to
integrate a wireless access point with a Ethernet switch and
Ethernet router.

In a mobile wireless communications device, if the cel-
Iular capability is integrated with WiF1i capability, often two
different antennas are used, for example, a main cellular
antenna operative at GSM or other CDMA band and a WiFi
antenna operative in the at least 2.4 GHz band, and some-
times the 5.0 GHz band, making the device not only com-
patible with cellular GSM communications, but also com-
patible with WiFi communications using IEEE 802.11
standards. The antenna designs become more challenging,
however, as the size and thickness of the mobile phones
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become smaller to meet marketing requirements and the
desires of end-use consumers. In order to implement mul-
tiple antennas in a compact environment, the antennas
should be designed to reduce the coupling between the
various antennas. This is necessary not only to enhance radio
performance, but also reduce the cost of implementing
Electromagnetic Interference (EMI) filters at harmonic fre-
quencies. Thus, the type of antenna designs used in such
devices become important to reduce the mutual coupling due
to the third harmonics between a GSM or similar cellular
antenna, operative, for example, at 850 MHz, and a WiFi
antenna operative at 2.4 GHz. Isolating these antennas can
be difficult, and different feeding techniques should be
introduced to enhance isolation between the two antennas.
The two systems, cellular as a Wide Area Network (WAN)
and WiFi need to work simultaneously, and thus, isolation
between antennas is very critical.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages will become
apparent from the detailed description which follows when
considered in light of the accompanying drawings in which:

FIG. 1 is a schematic block diagram of an example of a
mobile wireless communications device configured as a
handheld device that can be used in accordance with non-
limiting examples and illustrating basic internal components
thereof.

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

FIG. 3 is a schematic block diagram showing basic
functional circuit components that can be used in the mobile
wireless communications device of FIGS. 1-2.

FIG. 4 is a plan view showing the interior of a mobile
wireless communications device similar to those shown in
FIGS. 1 through 3 and showing in greater detail the relative
positioning of a WiFi antenna and a cellular (or GSM)
antenna.

FIG. 5 is a fragmentary, side elevation view of the
communications device such as shown in FIG. 4 and show-
ing a fragmentary representation of the circuit board and the
configuration of a bottom-fed WiFi antenna formed as an
inverted-F antenna, and showing an opening gap facing up
and its position relative to the cellular antenna, in accor-
dance with a non-limiting example.

FIG. 6 is a fragmentary, top plan view of the circuit board
shown in FIG. 5, and showing the location of the cellular
antenna, the location of WiFi antenna formed as an
inverted-F antenna, and location of the grounding and feed-
ing points at opposite, lower corners of the inverted-F
antenna, in accordance with a non-limiting example.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Different embodiments will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments are shown. Many different
forms can be set forth and described embodiments should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope to those skilled in the art. Like numbers
refer to like elements throughout.

A mobile wireless communications device includes a
housing and circuit board carried by the housing. Radio
Frequency (RF) circuitry is mounted on the circuit board. A
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first antenna is supported by the circuit board within the
housing and operatively connected to the RF circuitry and
configured for cellular phone communications. A second
antenna is supported by the circuit board within the housing
and operatively connected to the RF circuitry and configured
for WiFi communications. The second antenna comprises an
inverted-F or monopole antenna having an opening gap that
is pointed away from the first antenna.

In yet another aspect, the first antenna is operative at
frequencies in the Global System for Mobile (GSM) com-
munications band (or CDMA). The second antenna is opera-
tive at the 2.4 GHz and 5.0 GHz band in accordance with
802.11 standards. The second antenna can include a feeding
point positioned distal from the opening gap at an opposing
end from the opening gap. The housing can include an upper
and lower portion. In one aspect the first antenna is posi-
tioned at a lower portion of the housing and the second
antenna is mounted on the circuit board at an upper portion
of the housing. The opening gap is positioned upward
toward the upper portion of the housing in one non-limiting
example.

In yet another aspect, the circuit board can be formed as
a ground plane for the first and second antennas. The second
antenna is substantially rectangular configured in plan view
in one non-limiting example and includes an upper edge that
forms the opening gap of the inverted-F or monopole
antenna. A lower edge forms a lower leg of the antenna. This
lower edge or leg could include a feeding point and ground-
ing point at opposite corners thereof, which could be
reversed from each other. In another non-limiting example,
the second antenna can be configured at a quarter or half
lamda in length.

In accordance with one non-limiting example, the WiFi
antenna is operative in the 2.4 GHz frequency bands in this
non-limiting example, and is bottom-fed relative to the
cellular antenna, which is also positioned in the housing.
This relative positioning reduces mutual coupling to the
cellular, e.g., GSM 850 MHz antenna at its third harmonic
frequency. For purposes of clarity and description, the term
WiFi antenna can refer to any number of antennae that are
operative in these frequency bands in accordance with IEEE
802.11 and similar standards. Also included under this term
WiFi antenna could be different Bluetooth applications.

The WiFi antenna could be a quarter or half lamda long
and preferably is formed as an inverted-F or monopole type
antenna. The opening gap in the inverted-F or monopole
type antenna faces away from the cellular, e.g., GSM
antenna (or CDMA) positioned preferably at the lower
portion of the device housing. The inverted-F or monopole
type WiFi antenna is positioned on the main Printed Circuit
Board (PCB) of the wireless device, such as at an upper
portion. This PCB also serves as a ground plane for the
antennas. The WiFi antenna includes a feeding point and a
grounding point, positioned preferably at the lower portion
of the inverted-F or monopole type antenna, opposite the
opening gap. These two positions for the grounding point
and feeding point could be interchangeable. It should also be
understood that the inverted-F or monopole antenna could
be used for other non-WiFi applications, such as GPS.

A brief description will now proceed relative to FIGS.
1-3, which disclose an example of a mobile wireless com-
munications device, for example, a handheld portable cel-
Iular radio, which can incorporate non-limiting examples of
various circuits that can be used with the cellular antenna
and WiFi antenna. FIGS. 1-3 are representative non-limiting
examples of the many different types of functional circuit
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components and their interconnection, and operative for use
with the antenna as later described below.

Referring initially to FIGS. 1 and 2, an example of a
mobile wireless communications device 20, such as a hand-
held portable cellular radio is first described. This device 20
illustratively includes a housing 21 having an upper portion
46 and a lower portion 47, and a dielectric substrate (i.e.,
circuit board) 67, such as a conventional printed circuit
board (PCB) substrate, for example, carried by the housing.
A housing cover (not shown in detail) would typically cover
the front portion of the housing. The term circuit board 67
as used hereinafter can refer to any dielectric substrate, PCB,
ceramic substrate or other circuit carrying structure for
carrying signal circuits and electronic components within
the mobile wireless communications device 20. The illus-
trated housing 21 is a static housing, for example, as
opposed to a flip or sliding housing, which is used in many
cellular telephones. However, these and other housing con-
figurations may also be used.

Circuitry 48 is carried by the circuit board 67, such as a
microprocessor, memory, one or more wireless transceivers
(e.g., cellular, WLAN, etc.), which includes RF circuitry,
including audio and power circuitry, including any keyboard
circuitry. It should be understood that keyboard circuitry
could be on a separate keyboard, etc., as will be appreciated
by those skilled in the art. A battery (not shown) is also
preferably carried by the housing 21 for supplying power to
the circuitry 48. The term RF circuitry could encompass the
interoperable RF transceiver circuitry, power circuitry and
audio circuitry.

Furthermore, an audio output transducer 49 (e.g., a
speaker) is carried by an upper portion 46 of the housing 21
and connected to the circuitry 48. One or more user input
interface devices, such as a keypad (keyboard) 23 (FIG. 2),
is also preferably carried by the housing 21 and connected
to the circuitry 48. The term keypad as used herein also
refers to the term keyboard, indicating the user input devices
having lettered and/or numbered keys commonly known and
other embodiments, including multi-top or predictive entry
modes. 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
embodiments.

A cellular antenna 45, for example, a GSM antenna, is
preferably positioned at the lower portion 47 in the housing
and can be formed as a pattern of conductive traces that
make an antenna circuit, which physically forms the
antenna. This cellular antenna is connected to the circuitry
48 on the main circuit board 67. In one non-limiting
example, the cellular antenna could be formed on an antenna
circuit board section that extends from the main circuit
board at the lower portion of the housing. An example of a
cellular antenna that could be used or modified for use is
disclosed in commonly assigned U.S. Patent Publication No.
2006/0172785, the disclosure which is hereby incorporated
by reference in its entirety. By placing the cellular antenna
45 adjacent the lower portion 47 of the housing 21, the
distance is advantageously increased between the cellular
antenna and the user’s head when the phone is in use to aid
in complying with applicable SAR requirements. Also, a
separate keyboard circuit board could be used. The WiFi
antenna (not shown in this figure) can be located away from
the cellular antenna 45, as explained in greater detail below.

More particularly, a user will typically hold the upper
portion of the housing 21 very close to his head so that the
audio output transducer 49 is directly next to his ear. Yet, the
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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 can be 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.

Another important benefit of placing the cellular antenna
45 adjacent 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 by
placing the cellular 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 cellular antenna 45
from the auxiliary /O device(s) 50, this may allow for
reduced interference therebetween.

Examples of auxiliary 1/0 devices 50 include a WiFi or
WLAN (e.g., Bluetooth, IEEE 802.11) antenna for providing
WLAN communication capabilities, as will be explained in
greater detail below, and/or a satellite positioning system
(e.g., GPS, Galileo, etc.) antenna for providing position
location capabilities, as will be appreciated by those skilled
in the art. Other examples of auxiliary /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 1/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,
for example, a liquid crystal display (LCD) carried by the
housing 21 and connected to the circuitry 48. A back button
36 and scroll wheel 37 can also be 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 illustratively
includes a plurality of multi-symbol keys 24 each having
indicia of a plurality of respective symbols thereon. The
keypad 23 also illustratively includes an alternate function
key 25, anext 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 “*”” symbol upon
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
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entered when a user presses a key 24 without first pressing
the alternate 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. Furthermore, 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
position as in a standard QWERTY keypad.

Each row of keys (including the fourth row of function
keys 25-29) is 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 appreciated by those skilled in the art.

Accordingly, the mobile wireless communications device
20 as described may advantageously 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 configurations 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.

The cellular antenna 45 is preferably formed as a multi-
frequency band antenna, which provides enhanced transmis-
sion and reception characteristics over multiple operating
frequencies. More particularly, the cellular antenna 45 is
designed to provide high gain, desired impedance matching,
and meet applicable SAR requirements over a relatively
wide bandwidth and multiple cellular frequency bands. By
way of example, the cellular antenna 45 preferably operates
over five bands, namely a 850 MHz Global System for
Mobile Communications (GSM) band (GSM 850), a 900
MHz GSM band, a DCS band, a PCS band, and a WCDMA
band (i.e., up to about 2100 MHz) (or CDMA 850/1900),
although it may be used for other bands/frequencies as well.
To conserve space, the cellular antenna 45 may advanta-
geously be implemented in three dimensions although it may
be implemented in two-dimensional or planar embodiments
as well.

The mobile wireless communications device shown in
FIGS. 1 and 2 can incorporate e-mail and messaging
accounts and provide different functions such as composing
e-mail, PIN messages, and SMS messages. The device can
manage messages through an appropriate menu that can be
retrieved by choosing a messages icon. An address book
function could add contacts, allow management of an
address book, set address book options and manage SIM
card phone books. A phone menu could allow for the making
and answering of phone calls using different phone features,
managing phone call logs, setting phone options, and view-
ing phone information. A browser application could permit
the browsing of web pages, configuring a browser, adding
bookmarks, and changing browser options. Other applica-
tions could include a task, memo pad, calculator, alarm and
games, as well as handheld options with various references.

A calendar icon can be chosen for entering a calendar
program that can be used for establishing and managing
events such as meetings or appointments. The calendar
program could be any type of messaging or appointment/
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meeting program that allows an organizer to establish an
event, for example, an appointment or meeting.

A non-limiting example of various functional components
that can be used in the exemplary mobile wireless commu-
nications device 20 of FIGS. 1 and 2 is further described in
the example below with reference to FIG. 3. The device 20
illustratively includes a housing 120, a keypad 140 and an
output device 160. The output device 160 shown is prefer-
ably a display, which is preferably a full graphic LCD. Other
types of output devices may alternatively be used. A pro-
cessing device 180 is contained within the housing 120 and
is coupled between the keypad 140 and the display 160. The
processing device 180 controls the operation of the display
160, as well as the overall operation of the mobile device 20,
in response to actuation of keys on the keypad 140 by the
user.

The housing 120 may be elongated vertically, or may take
on other sizes and shapes (including clamshell housing
structures). 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 180, other parts of the
mobile device 20 are shown schematically in FIG. 3. These
include a communications subsystem 101; a short-range
communications subsystem 102; the keypad 140 and the
display 160, along with other input/output devices 106, 108,
110 and 112; as well as memory devices 116, 118 and
various other device subsystems 121. The mobile device 20
is preferably a two-way RF communications device having
voice and data communications capabilities. In addition, the
mobile device 20 preferably has the capability to commu-
nicate with other computer systems via the Internet.

Operating system software executed by the processing
device 180 is preferably stored in a persistent store, such as
the flash memory 116, 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 tempo-
rarily loaded into a volatile store, such as the random access
memory (RAM) 118. Communications signals received by
the mobile device may also be stored in the RAM 118.

The processing device 180, in addition to its operating
system functions, enables execution of software applications
130A-130N on the device 20. A predetermined set of appli-
cations that control basic device operations, such as data and
voice communications 130A and 130B, may be installed on
the device 20 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, calen-
dar events, voice mails, appointments, and task items. The
PIM application is also preferably capable of sending and
receiving data items via a wireless network 141. Preferably,
the PIM data items are seamlessly integrated, synchronized
and updated via the wireless network 141 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 101, and possibly through the short-range com-
munications subsystem. The communications subsystem
101 includes a receiver 150, a transmitter 152, and one or
more antennae 154 and 156. In addition, the communica-
tions subsystem 101 also includes a processing module, such
as a digital signal processor (DSP) 158, and local oscillators
(LOs) 161. The specific design and implementation of the
communications subsystem 101 is dependent upon the com-
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munications network in which the mobile device 20 is
intended to operate. For example, the mobile device 20 may
include a communications subsystem 101 designed to oper-
ate with the Mobitex™, Data TAC™ or General Packet
Radio Service (GPRS) mobile data communications net-
works, 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 20.

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, how-
ever, network access is associated with a subscriber or user
of a device. A GPRS device therefore requires a subscriber
identity 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 20 may send
and receive communications signals over the communica-
tion network 141. Signals received from the communica-
tions network 141 by the antenna 154 are routed to the
receiver 150, which provides for signal amplification, fre-
quency 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
158 to perform more complex communications functions,
such as demodulation and decoding. In a similar manner,
signals to be transmitted to the network 141 are processed
(e.g., modulated and encoded) by the DSP 158 and are then
provided to the transmitter 152 for digital to analog conver-
sion, frequency up conversion, filtering, amplification and
transmission to the communication network 141 (or net-
works) via the antenna 156.

In addition to processing communications signals, the
DSP 158 provides for control of the receiver 150 and the
transmitter 152. For example, gains applied to communica-
tions signals in the receiver 150 and transmitter 152 may be
adaptively controlled through automatic gain control algo-
rithms implemented in the DSP 158.

In a data communications mode, a received signal, such as
a text message or web page download, is processed by the
communications subsystem 101 and is input to the process-
ing device 180. The received signal is then further processed
by the processing device 180 for an output to the display
160, or alternatively to some other auxiliary /O device 106.
A device user may also compose data items, such as e-mail
messages, using the keypad 140 and/or some other auxiliary
1/O device 106, 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 141 via the communications sub-
system 101.

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
110, and signals for transmission are generated by a micro-
phone 112. Alternative voice or audio /O subsystems, such
as a voice message recording subsystem, may also be
implemented on the device 20. In addition, the display 160
may also be utilized in voice communications mode, for
example to display the identity of a calling party, the
duration of a voice call, or other voice call related informa-
tion.
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Any short-range communications subsystem enables
communication between the mobile device 20 and other
proximate systems or devices, which need not necessarily be
similar devices. For example, the short-range communica-
tions subsystem may include an infrared device and asso-
ciated circuits and components, or a Bluetooth™ commu-
nications module to provide for communication with
similarly-enabled systems and devices.

It should be understood that GSM is one type of preferred
communications system and uses a radio interface that can
have an uplink frequency band and downlink frequency
band with about 25 MHz bandwidth, typically subdivided
into 124 carrier frequency channels, each spaced about 200
KHz apart as non-limiting examples. Time division multi-
plexing can be used to allow about 8 speech channels per
radio frequency channel, giving 8 radio time slots and 8
burst periods grouped into what is called a TDMA frame.
For example, a channel data rate could be about 270.833
Kbps and a frame duration of about 4.615 milliseconds (MS)
in one non-limiting example. The power output can vary
from about 1 to about 2 watts.

Linear predictive coding (LPC) can also be used to reduce
the bit rate and provide parameters for a filter to mimic a
vocal track with speech encoded at about 13 Kbps. Four
different cell sizes can be used in a GSM network, including
macro, micro, pico and umbrella cells. A base station
antenna can be installed on a master building above the
average rooftop level in a macrocell. In a microcell, the
antenna height can be under the average rooftop level and
used in urban areas. Microcells typically have a diameter of
about a few dozen meters and are used indoors. Umbrella
cells can cover shadowed regions or smaller cells. Typically,
the longest distance for the GSM specification covered by an
antenna is about 22 miles depending on antenna height, gain
and propagation conditions.

GSM systems typically include a base station subsystem,
a network and switching subsystem, and a General Packet
Radio Service (GPRS) core network. A subscriber identify
module (SIM) is usually implemented in the communica-
tions device, for example, the well known SIM card, similar
to a smart card containing the subscription information and
phone book of a user. The user can also switch handsets or
could change operators by changing a SIM.

The GSM signaling protocol has three general layers
Layer 1 is a physical layer using channel structures above
the air interface. Layer 2 is the data link layer. Layer 3 is a
signaling protocol, which includes three sublayers. These
include a Radio Resources Management sublayer to control
the setup, maintenance and termination of radio and fixed
channels, including handovers. A Mobility Management
sublayer manages the location updating and registration
procedures and secures the authentication. A Connection
Management sublayer handles general call control and man-
ages supplementary services and the short message service.
Signaling between different entities such as the Home Loca-
tion Register (HLR) and Visiting Location Register (VLR)
can be accomplished through a Mobile Application Part
(MAP) built upon the Transaction Capabilities Application
Part (TCAP) of the top layer of the Signaling System No. 7.

A Radio Resources Management (RRM) sublayer can
oversee the radio and fixed link establishment between the
mobile station and an MSE.

It is also possible to used Enhanced Data Rates for GSM
Evolution (EDGE), as an enhancement to General Packet
Radio Service (GPRS) networks. EDGE can use 8 Phase
Shift Keying (8 PSK) and Gaussian Minimum Shift Keying
(GMSK) for different modulation and coding schemes. A
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three-bit word can be produced for every changing carrier
phase. A rate adaptation algorithm can adapt the Modulation
and Coding Scheme (MCS) according to the quality of the
radio channel and the bit rate and robustness of data trans-
mission. Base stations are typically modified for EDGE use.

FIG. 4 is a top plan view showing the interior of a mobile
wireless communications device 200, such as described in
FIGS. 1-3, but that incorporates the first and second antenna
designs described above. Reference numerals begin in the
200 series for the description relative to FIGS. 4-6. The
device 200 shown in FIG. 4 includes a printed circuit board
202 and various transducers 204 having a function as
described before. The main cellular antenna 206 is illus-
trated at the bottom portion of the housing 208 and corre-
sponds to the antenna described before, and operative as a
multi-frequency antenna as described before. The WiFi
antenna 210 is positioned at the upper right corner inside the
housing in this non-limiting example and shown as a rect-
angular configured antenna. It is operative at the 2.4 GHz
frequency band in accordance with a non-limiting example
for WiFi, WLAN and similar applications. It could be used
for other applications in some non-limiting examples. A
battery 212 and other electronic components 214 are shown
positioned on the circuit board 202 as illustrated. This
antenna 210 has its feeding point 210a at the bottom edge or
formed “leg” 2106 and toward the cellular antenna 206 as
illustrated.

FIG. 5 is a fragmentary, side-elevation view showing the
printed circuit board 202 that is operative as a ground plane.
The WiFi antenna 210 is preferably formed as an inverted-F
antenna and is bottom fed. This WiFi antenna 210 is
positioned away from the cellular antenna 206 formed as a
GSM antenna (or CDMA) in this non-limiting example. The
cellular antenna 206 is positioned at the lower portion of the
device housing, and can be configured as described before.
The WiF1i antenna 210 is positioned toward the upper portion
of the housing and is bottom fed, such that the lower
horizontal leg 2105 that forms part of the inverted-F is
positioned towards the cellular antenna 206.

FIG. 6 is a plan view showing the feeding point 210a and
a grounding point 210¢ positioned at lower corners on the
“leg” 21054 relative to the cellular antenna 206, as illustrated.
The opening gap 2104 formed by the inverted-F or mono-
pole design is positioned opposite from the cellular antenna
206, towards the top or upper portion of the device as
illustrated.

It should be understood that the design of the inverted-F
or monopole antenna 210 can vary depending on end-use
requirements and the nature of the housing, circuit board,
proximity to the main cellular antenna, and other factors that
could be determined by those skilled in the art. Typically, the
height of the inverted-F is established by the leg 2105
relative to the ground plane defined by the PCB 202. Input
impedance at the feeding point 210a can vary from about 30
to about 75 ohms, but centered at 50 ohms, in some
non-limiting examples. Resonances can vary depending on
the type of feeding lines or traces that are used.

The inverted-F antenna typically is a small size and is
designed for ease of design and fabrication. This WiFi
antenna 210 as described could be fed by a microstrip line
printed on the printed circuit board 202. In some cases, the
inverted-F antenna could be formed as an Active Inverted-F
Antenna (AIFA) and printed on the PCB 202, for example,
with a thickness of about 1 mm in one non-limiting example
Some designs could use a straight-F design and still be
printed on a FR-4 or similar substrate with other circuit
components to provide a low-cost antenna. For example, in
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a straight-F antenna, an inductive tuning arm could be on the
same side of a capacitive arm. In any event, the antenna
designs should be designed such that the opening gap 2104
is positioned to face away from the cellular antenna 206, in
these non-limiting examples.

In some non-limiting examples, an inverted-F antenna is
similar to a free-standing (quarter-wave) monopole posi-
tioned above a ground plane, rather than a half-wave printed
antenna in some non-limiting examples. The antenna can be
formed in an area less than about 10 mm by 10 mm in
non-limiting examples. The inductive and capacitive arms of
an inverted-F antenna could add to the total antenna length
in some designs. In other antenna designs, it is possible to
have a ground plane edge to determine functional charac-
teristics and the operation band. An upper part of the “F”
could be used for inductive tuning and a lower part of the
“F” could be used to form a capacitively coupled monopole.

It is possible to apply Method of Moments (MoM) design
considerations to wire antennas of arbitrary shape to form a
Dual Inverted-F Antenna (DIFA). It should be understood
that the inverted-F antenna is a variation on a transmission
line antenna or bent monopole antenna. It could include an
offset feed to provide for adjustment of the input impedance
in some non-limiting examples. Thus, the resulting antenna
geometry resembles the letter F, rotated to face the ground
plane.

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
descriptions and the associated drawings. Therefore, it is
understood that the invention is not to be limited to the
specific embodiments 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 housing having an upper and lower portion;

a circuit board carried by the housing and including radio
frequency (RF) circuitry;

a first antenna supported by the circuit board at the lower
portion within the housing and operatively connected
to said RF circuitry and configured for cellular phone
communications; and

a second antenna supported by the circuit board within the
upper portion of the housing and operatively connected
to said RF circuitry and configured for WiFi commu-
nications, wherein said second antenna comprises an
inverted-F antenna having a substantially rectangular
configuration in plan and upper edge forming an open-
ing gap that is pointed away from the first antenna for
isolating first and second antennas from each other, said
second antenna including a lower edge and a feeding
point and grounding point at opposite corners of the
lower edge wherein mutual coupling due to harmonics
between first and second antennas is reduced.

2. The mobile wireless communications device according
to claim 1, wherein said first antenna is operative at fre-
quencies in the Global System for Mobile (GSM) commu-
nications band.

3. The mobile wireless communications device according
to claim 1, wherein said second antenna is operative at the
2.4 GHz and 5.0 GHz band in accordance with 802.11
standards.

4. The mobile wireless communications device according
to claim 1, wherein said second antenna includes a feeding
point positioned distal from the opening gap at an opposing
end from the opening gap.
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5. The mobile wireless communications device according
to claim 1, wherein the opening gap is configured upward
towards the upper portion of the housing.

6. The mobile wireless communications device according
to claim 1, wherein said circuit board comprises a ground
plane for said second antenna.

7. The mobile wireless communications device according
to claim 1, wherein said second antenna is configured at a
quarter or half lamda in length.

8. A mobile wireless communications device, comprising:

a housing having an upper portion and lower portion;

a circuit board carried by the housing and including radio
frequency (RF) circuitry;

a cellular antenna supported by the circuit board at the
lower portion of the housing and operatively connected
to said RF circuitry and configured for multi-frequency
cellular phone communications, including frequencies
in the Global System for Mobile (GSM) communica-
tions band; and

a substantially rectangular configured inverted-F antenna
supported by the circuit board within the upper portion
of the housing and operatively connected to said RF
circuitry for WiFi communications and having an upper
edge forming an opening gap that is pointed away from
the cellular antenna and a lower edge and bottom
feeding point and grounding point at opposite corners
at the lower edge and positioned distal from the open-
ing gap towards the cellular antenna and lower portion
of the housing for isolating the cellular antenna and
inverted-F antenna from each other and reducing
mutual coupling due to harmonics between first and
second antennas.

9. The mobile wireless communications device according
to claim 8, wherein inverted-F antenna is operative at the 2.4
GHz and 5.0 GHz band in accordance with 802.11 standards
for WiFi communications.

10. The mobile wireless communications device accord-
ing to claim 8, wherein said circuit board comprises a
ground plane for said inverted-F antenna.

11. The mobile wireless communications device accord-
ing to claim 8, wherein said circuit board comprises a
ground plane for said cellular antenna.

12. The mobile wireless communications device accord-
ing to claim 8, wherein said inverted-F antenna includes a
lower edge, and a feeding point and grounding point at
opposite corners on the lower edge.

13. The mobile wireless communications device accord-
ing to claim 8, wherein said inverted-F antenna is configured
at a quarter or half lamda in length.

14. A method for making a mobile wireless communica-
tions device, which comprises:

providing a housing having an upper and lower portion;

mounting a circuit board having radio frequency (RF)
circuitry thereon within the housing; and

supporting first and second antennas by the circuit board
such that first and second antennas are connected to the
RF circuitry, wherein the first antenna is configured for
cellular phone communications and supported at the
lower portion of the circuit board and the second
antenna is configured for WiFi communications as a
substantially rectangular configured inverted-F antenna
having an upper edge and forming an opening gap that
is pointed away from the first antenna for isolating the
first and second antennas from each other wherein said
second antenna includes a lower edge and a feeding
point and grounding point at opposite corners at the
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lower edge wherein mutual coupling due to harmonics
between first and second antennas are reduced.

15. The method according to claim 14, which further
comprises forming the first antenna to be operative at
frequencies in the Global System for Mobile (GSM) com-
munications band.

16. The method according to claim 14, which further
comprises forming the second antenna to be operative at the
2.4 GHz and 5.0 GHz band in accordance with 802.11
standards.

17. The method according to claim 14, which further
comprises forming the circuit board as a ground plane for
first and second antennas.

18. The method according to claim 14, which further
comprises forming the second antenna at a quarter or half
lamda in length.

19. A mobile wireless communications device, compris-
ing:

a housing having an upper and lower portion;

a circuit board carried by the housing and including radio

frequency (RF) circuitry;

a first antenna supported at the lower portion within the
housing and operatively connected to said RF circuitry
and configured for cellular phone communications; and

a second antenna supported at the upper portion of the
housing and operatively connected to said RF circuitry

15
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25

14

and configured for WiFi communications, wherein said
second antenna comprises an inverted-F antenna hav-
ing a substantially rectangular configuration in plan and
upper edge forming an opening gap that is pointed
away from the first antenna for isolating first and
second antennas from each other, said second antenna
including a lower edge and a feeding point and ground-
ing point at opposite corners of the lower edge wherein
mutual coupling due to harmonics between first and
second antennas is reduced.

20. The mobile wireless communications device accord-
ing to claim 19, wherein at least one of said first antenna and
second antenna are supported by the circuit board.

21. The mobile wireless communications device accord-
ing to claim 19, and further comprising a second circuit
board, wherein said first antenna is supported by one of said
circuit boards and said second antenna is supported by the
other circuit board.

22. The mobile wireless communications device accord-
ing to claim 19, wherein at least one of said first and second
antenna are supported by said housing.
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1
DUAL-FREQUENCY HIGH-GAIN ANTENNA

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a printed circuit board
(PCB) antenna, and more particularly to a dual-frequency
high-gain antenna.

2. Related Art

Along with the development of wireless communication
technology, information can be transmitted by a wireless
communication system without the limitation of geography.
Being one of the most important elements in the wireless
communication field, the current antenna is preferably fab-
ricated by means of PCB with various advantages such as
being simple and low in cost.

At present, the standard of wireless transmission is con-
stituted by the Institute of Electrical and Electronics Engi-
neers (IEEE), so as to make the wireless transmission
technology widely utilized, and ensure that the devices
produced by various manufacturers are compatible and
stable.

In an ordinary radio-frequency circuit, passive parts are
frequently used, such as antenna, diplexer, high low band
stop filter, balun, power divider and coupler, wherein the
antenna is an important element that has impact on the signal
transmission quality. With the co-existence of the 2.4 GHz
frequency band and 5 GHz frequency band on a communi-
cation chip, the antenna must simultaneously receive fre-
quencies of the two frequency bands. However, in general,
the dual-frequency antenna has the disadvantages of being
insufficient in bandwidth and gain and has the problem of
being difficult to integrate.

Therefore, how to provide a dual-frequency high-gain
antenna to improve the signal transmission bandwidth
thereof has become a problem to be settled by the research-
ers.

SUMMARY OF THE INVENTION

In view of the above, the main objective of the present
invention is to provide a dual-frequency high-gain antenna,
which utilizes the design of a diplexer loop portion, a
single-frequency radiation unit and a dual-frequency radia-
tion unit to improve the gain and bandwidth of the antenna,
0 as to increase the signal transmission distance.

Therefore, in order to achieve the above objective, the
dual-frequency high-gain antenna disclosed in the present
invention comprises a diplexer loop portion, two single-
frequency radiation units and two dual-frequency radiation
units.

The diplexer loop portion is disposed at the center of the
antenna substrate for receiving a feed signal.

The two single-frequency radiation units are symmetri-
cally connected to two sides of the diplexer loop portion for
radiating a radio-frequency signal corresponding to a first
frequency value of the feed signal, wherein each single-
frequency radiation unit is of a dipole antenna structure.

The two dual-frequency radiation units are respectively
connected to each single-frequency radiation portion for
radiating radio-frequency signals corresponding to the first
frequency value and a second frequency value of the feed
signal, wherein each dual-frequency radiation unit is of a
dipole antenna structure.

The single-frequency radiation unit further comprises a
first frequency band radiation portion for radiating a radio-
frequency signal of the first frequency value. The dual-
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frequency radiation unit further comprises a first frequency
band radiation portion and a second frequency band radia-
tion portion respectively for radiating radio-frequency sig-
nals of the first frequency value and the second frequency
value.

Furthermore, in order to achieve the above objective, the
dual-frequency high-gain antenna disclosed in the present
invention comprises a diplexer loop portion and more than
two dual-frequency radiation units.

The diplexer loop portion is disposed at the center of the
antenna substrate for receiving a feed signal.

More than two dual-frequency radiation units are con-
nected to the diplexer loop portion for radiating radio-
frequency signals corresponding to a first frequency value
and a second frequency value of the feed signal, wherein
each dual-frequency radiation unit is of a dipole antenna
structure.

The dual-frequency radiation unit further comprises a first
frequency band radiation portion and a second frequency
band radiation portion respectively for radiating radio-fre-
quency signals of the first frequency value and the second
frequency value.

Furthermore, in order to achieve the above objective, the
dual-frequency high-gain antenna disclosed in the present
invention comprises a signal feed portion, two single-fre-
quency radiation units and two dual-frequency radiation
units.

The signal feed portion is disposed at the center of the
antenna substrate for receiving a feed signal.

The two single-frequency radiation units are symmetri-
cally connected to two sides of the signal feed portion for
radiating a radio-frequency signal corresponding to a first
frequency value of the feed signal, wherein each single-
frequency radiation unit is of a dipole antenna structure.

The two dual-frequency radiation units are respectively
connected to each single-frequency radiation portion for
radiating radio-frequency signals corresponding to the first
frequency value and a second frequency value of the feed
signal, wherein each dual-frequency radiation unit is of a
dipole antenna structure.

The single-frequency radiation unit further comprises a
first frequency band radiation portion for radiating a radio-
frequency signal of the first frequency value. The dual-
frequency radiation unit further comprises a first frequency
band radiation portion and a second frequency band radia-
tion portion respectively for radiating radio-frequency sig-
nals of the first frequency value and the second frequency
value.

With the dual-frequency high-gain antenna, a radio-fre-
quency signal is transmitted and received through the
diplexer loop portion, so as to provide the antenna with the
characteristics of receiving/sending a signal, and the design
of a single-frequency radiation section and a dual-frequency
radiation section also enhances the signal receiving/sending
gains of the antenna.

The features and practice of the preferred embodiments of
the present invention will be illustrated in detail below with
the accompanying drawings.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below for illus-
tration only, and thus are not limitative of the present
invention, and wherein:

FIG. 1 is a schematic view of the appearance of an
antenna substrate according to the first embodiment of the
present invention.

FIG. 2A is a front view of the first surface of the antenna
substrate according to the first embodiment of the present
invention.

FIG. 2B is a front view of the second surface of the
antenna substrate according to the first embodiment of the
present invention.

FIG. 2C is a schematic view of the appearance of an
antenna substrate according to the second embodiment of
the present invention.

FIG. 2D is a front view of the first surface of the antenna
substrate according to the third embodiment of the present
invention.

FIG. 2E is a front view of the first surface of the antenna
substrate according to the fourth embodiment of the present
invention.

FIG. 2F is a front view of the first surface of the antenna
substrate according to the fifth embodiment of the present
invention.

FIG. 2G is a front view of the first surface of the antenna
substrate according to the sixth embodiment of the present
invention.

FIG. 2H is a front view of the first surface of the antenna
substrate according to the seventh embodiment of the
present invention.

FIG. 2I is a front view of the first surface of the antenna
substrate according to the eighth embodiment of the present
invention.

FIG. 3A is an H-polarized radiation pattern of the first
frequency band according to the first embodiment of the
present invention.

FIG. 3B is an H-polarized radiation pattern of the first
frequency band according to the first embodiment of the
present invention.

FIG. 3C is an H-polarized radiation pattern of the first
frequency band according to the first embodiment of the
present invention.

FIG. 3D is an E-polarized radiation pattern of the first
frequency band according to the first embodiment of the
present invention.

FIG. 3E is an E-polarized radiation pattern of the first
frequency band according to the first embodiment of the
present invention.

FIG. 3F is an E-polarized radiation pattern of the first
frequency band according to the first embodiment of the
present invention.

FIG. 4A is an H-polarized radiation pattern of the second
frequency band according to the first embodiment of the
present invention.

FIG. 4B is an H-polarized radiation pattern of the second
frequency band according to the first embodiment of the
present invention.

FIG. 4C is an H-polarized radiation pattern of the second
frequency band according to the first embodiment of the
present invention.

FIG. 4D is an E-polarized radiation pattern of the second
frequency band according to the first embodiment of the
present invention.
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FIG. 4E is an E-polarized radiation pattern of the second
frequency band according to the first embodiment of the
present invention.

FIG. 4F is an E-polarized radiation pattern of the second
frequency band according to the first embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, it is a schematic view of the appear-
ance of an antenna substrate according to a first embodiment
of the present invention. The antenna substrate 100 is
provided with a diplexer loop portion 10, two single-fre-
quency radiation units 20 and two dual-frequency radiation
units 30.

The diplexer loop portion 10 includes two signal feed
portions, i.e., a first signal feed portion 10a and a second
signal feed portion 105 (as shown in FIG. 2A). The first
signal feed portion 10a and the second signal feed portion
105 are respectively connected to a corresponding mean-
dering microstrip line section 10c¢ for providing a signal
transmitting path and a signal receiving path, and filtering
out a transmitting signal and a receiving signal through a
filtering line (not shown).

The two single-frequency radiation units 20 are respec-
tively disposed on two sides of the diplexer loop portion 10
and connected to the diplexer loop portion 10 through a
microstrip line for receiving and radiating a feed signal,
wherein the single-frequency radiation unit 20 is of a dipole
antenna structure.

The two dual-frequency radiation units 30 are connected
to the single-frequency radiation units 20 through a micros-
trip line, for receiving and radiating a feed signal, wherein
the dual-frequency radiation unit 30 is of a dipole antenna
structure.

Furthermore, the antenna feeds a signal by means of
central feed characterized in a symmetrical radiation pattern
and relatively reduces the feed loss, so as to enhance the
receiving/sending gains of the antenna. In addition, the
single-frequency radiation unit 20 and the dual-frequency
radiation unit 30 are connected in series and the receiving/
sending gains can be regulated by altering the quantity of the
seriesly-connected single-frequency radiation units 20 or
dual-frequency radiation units 30.

Referring to FIG. 2A, it is a front view of the first surface
of'the antenna substrate according to the first embodiment of
the present invention. The first surface 101 of the antenna
substrate 100 is provided with the first signal feed portion
10qa, the second signal feed portion 105, the meandering
microstrip line section 10c¢, a single-frequency radiation
signal portion 21 and a dual-frequency radiation signal
portion 31.

The first signal feed portion 10a and the second signal
feed portion 105 are respectively connected to the corre-
sponding meandering circuit section 10¢ for providing a
signal transmitting path and a signal receiving path and
filtering out a transmitting signal and a receiving signal
through a filtering line (not shown). The two side edges of
the meandering circuit section 10c¢ of the diplexer loop
portion 10 are respectively connected to a single-frequency
radiation signal portion 21.

The single-frequency radiation signal portions 21 are
respectively disposed on two sides of the diplexer loop
portion 10 and connected to the diplexer loop portion 10
through a microstrip line 11 for receiving and radiating a
feed signal. In addition, each single-frequency radiation
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signal portion 21 includes a first frequency band radiation
signal portion 21a for radiating a radio-frequency signal of
the first frequency value (for example, 5 GHz).

The dual-frequency radiation signal portions 31 are con-
nected to the single-frequency radiation portions 20 through
the microstrip line 11 for receiving and radiating a feed
signal. Each dual-frequency radiation signal portion 31
includes a first frequency band radiation signal portion 31a
and a second frequency band radiation signal portion 315
respectively for radiating radio-frequency signals of the first
frequency value (for example, 5 GHz) and the second
frequency value (for example, 2.4 GHz).

Referring to FIG. 2B, it is a front view of the second
surface of the antenna substrate according to the first
embodiment of the present invention. The second surface
102 of the antenna substrate 100 is a ground-plane line with
a line pattern corresponding to the shape of the first surface
101, which includes a diplexer loop ground portion 104,
single-frequency radiation ground portions 22 and dual-
frequency radiation ground portions 32.

The diplexer loop ground portion 104 has an approxi-
mately rectangular-shaped ground plane including two
ground feed points respectively corresponding to the posi-
tions of the first signal feed portion 10a and the second
signal feed portion 105, for providing a ground loop of
radio-frequency signals.

The single-frequency radiation ground portions 22 are
respectively disposed on two sides of the diplexer loop
ground portion 104 and connected to the diplexer loop
ground portion 104 through the microstrip line 11. In addi-
tion, each single-frequency radiation ground portion 22
includes a first frequency band radiation ground portion 22a
which is symmetrical with the first frequency band radiation
signal portion 21a.

The dual-frequency ground portions 32 are connected to
the single-frequency ground portions 22 through the micros-
trip line 11. Each dual-frequency ground portion 32 includes
a first frequency band radiation ground portion 324 and a
second frequency band radiation ground portion 324 respec-
tively corresponding to the first frequency band radiation
signal portion 31a and the second frequency band radiation
signal portion 315. Moreover, the first frequency band
radiation signal portion 31a and the first frequency band
ground portion 32a together form a first frequency band
radiation portion, and the second frequency band radiation
signal portion 316 and the second frequency band ground
portion 325 together form a second frequency band radiation
portion.

Referring to FIG. 2C, it is a front view of the appearance
of the antenna substrate according to a second embodiment
of the present invention. The antenna substrate 100 is
provided with a diplexer loop portion 10 and two dual-
frequency radiation portions 30.

The diplexer loop portion 10 includes two signal feed
portions, i.e., a first signal feed portion 10a and a second
signal feed portion 105, wherein the first signal feed portion
10a and the second signal feed portion 105 are respectively
connected to a corresponding meandering microstrip line
section 10¢ for providing a signal transmitting path and a
signal receiving path, and filtering out a transmitting signal
and a receiving signal through a filtering line (not shown).

The dual-frequency radiation units 30 are connected to the
diplexer loop portion 10 through the microstrip line for
receiving and radiating a feed signal. Each dual-frequency
radiation unit 30 includes a first frequency band radiation
portion 30a and a second frequency band radiation portion
306 respectively for radiating radio-frequency signals of the
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6

first frequency value (for example, 2.4 GHz) and the second
frequency value (for example, 5 GHz).

Furthermore, the signal receiving/sending characteristics
of'the antenna can be modified by altering the quantity of the
radiation units. Referring to FIG. 2D, it is a front view of the
first surface of the antenna substrate according to a third
embodiment of the present invention, which has a diplexer
loop portion 10 connected to four dual-frequency radiation
units 31, but a part of the structure is the same as that in the
first embodiment, and the details will not be described herein
again. Referring to FIG. 2E, it is a front view of the first
surface of the antenna substrate according to a fourth
embodiment of the present invention, which has a signal
feed portion 1la disposed at the center of the antenna
substrate 100, and connected to four dual-frequency radia-
tion units 31 through a microstrip line 11, but a part of the
structure is the same as that in the first embodiment, and the
details will not be described herein again. Referring to FIG.
2F, it is a front view of the first surface of the antenna
substrate according to a fifth embodiment of the present
invention, which has a signal feed portion 11a disposed at
the center of the antenna substrate 100, and connected to two
single-frequency radiation units 21 and two dual-frequency
radiation units 31 through a microstrip line 11, but a part of
the structure is the same as that in the first embodiment, and
the details will not be described herein again. Referring to
FIG. 2G, it is a front view of the first surface of the antenna
substrate according to a sixth embodiment of the present
invention, which has a signal feed portion 11a disposed at
the center of the antenna substrate 100, and connected to two
dual-frequency radiation units 31 through a microstrip line
11, but a part of the structure is the same as that in the second
embodiment, and the details will not be described herein
again. Referring to FIG. 2H, it is a front view of the first
surface of the antenna substrate according to a seventh
embodiment of the present invention, which has a signal
feed portion 1la disposed at the center of the antenna
substrate 100, and connected to two single-frequency radia-
tion units 21 through a microstrip line 11, but a part of the
structure is the same as that in the second embodiment, and
the details will not be described herein again. Referring to
FIG. 21, it is a front view of the first surface of the antenna
substrate according to an eighth embodiment of the present
invention, which has a signal feed portion 11a disposed at
the center of the antenna substrate 100, and connected to two
single-frequency radiation units 21 through a microstrip line
11, but a part of the structure is the same as that in the second
embodiment, and the details will not be described herein
again.

Referring to FIGS. 3A to 3C, they are H-polarized radia-
tion patterns according to the first embodiment of the present
invention, respectively taking frequencies 2.4 GHz, 2.45
GHz and 2.5 GHz in the first frequency band for different
tests. Referring to FIGS. 3D to 3F, they are E-polarized
radiation patterns according to the first embodiment of the
present invention, respectively taking frequencies 2.4 GHz,
2.45 GHz and 2.5 GHz in the first frequency band for
different tests. Referring to FIGS. 4A to 4C, they are
H-polarized radiation patterns according to the first embodi-
ment of the present invention, respectively taking frequen-
cies 4.9 GHz, 5.5 GHz and 5.9 GHz in the second frequency
band for different tests. Referring to FIGS. 4D to 4F, they are
V-polarized radiation patterns according to the first embodi-
ment of the present invention, respectively taking frequen-
cies 4.9 GHz, 5.5 GHz and 5.9 GHz in the second frequency
band for different tests.
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With the dual-frequency high-gain antenna, a radio-fre-
quency signal is transmitted and received through the
diplexer loop portion, so as to provide the antenna with the
characteristics of receiving/sending a signal, and the design
of a single-frequency radiation section and a dual-frequency
radiation section also enhances the signal receiving/sending
gains of the antenna.

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A dual-frequency high-gain antenna, comprising:

a diplexer loop portion, disposed at the center of the

antenna substrate, for receiving a feed signal;

two single-frequency radiation units, symmetrically con-

nected to two sides of the diplexer loop portion, for
radiating the radio-frequency signal corresponding to a
first frequency value of the feed signal; and

two dual-frequency radiation units, connected to each

single-frequency radiation portion, for radiating the
radio-frequency signals corresponding to the first fre-
quency value and a second frequency value of the feed
signal.

2. The dual-frequency high-gain antenna as claimed in
claim 1, wherein the single-frequency radiation portion
further comprises a first frequency band radiation portion for
radiating the radio-frequency signal of the first frequency
value.

3. The dual-frequency high-gain antenna as claimed in
claim 1, wherein the dual-frequency radiation portion fur-
ther comprises a first frequency band radiation portion and
a second frequency band radiation portion respectively for
radiating the radio-frequency signals of the first frequency
value and the second frequency value.

4. The dual-frequency high-gain antenna as claimed in
claim 1, wherein the diplexer loop portion further comprises
a first signal feed portion and a second signal feed portion.
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5. The dual-frequency high-gain antenna as claimed in
claim 1, wherein each of the single-frequency radiation units
is of a dipole antenna structure.

6. The dual-frequency high-gain antenna as claimed in
claim 1, wherein each of the dual-frequency radiation units
is of a dipole antenna structure.

7. The dual-frequency high-gain antenna as claimed in
claim 1, wherein the diplexer loop portion further comprises
a meandering microstrip line section for connecting the first
signal feed portion and the second signal feed portion.

8. A dual-frequency high-gain antenna, comprising:

a signal feed portion, disposed at the center of the antenna

substrate, for receiving a feed signal;

two single-frequency radiation units, symmetrically con-

nected to two sides of the signal feed portion, for
radiating the radio-frequency signal corresponding to a
first frequency value of the feed signal; and

two dual-frequency radiation units, connected to each

single-frequency radiation portion, for radiating the
radio-frequency signals corresponding to the first fre-
quency value and a second frequency value of the feed
signal.

9. The dual-frequency high-gain antenna as claimed in
claim 8, wherein the single-radiation portion further com-
prises a first frequency band radiation portion for radiating
the radio-frequency signal of the first frequency value.

10. The dual-frequency high-gain antenna as claimed in
claim 8, wherein the dual-frequency radiation portion fur-
ther comprises a first frequency band radiation portion and
a second frequency band radiation portion respectively for
radiating the radio-frequency signals of the first frequency
value and the second frequency value.

11. The dual-frequency high-gain antenna as claimed in
claim 8, wherein each of the single-frequency radiation units
is of a dipole antenna structure.

12. The dual-frequency high-gain antenna as claimed in
claim 8, wherein each of the dual-frequency radiation units
is of a dipole antenna structure.

#* #* #* #* #*
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ANTENNA WITH MULTIPLE-BAND PATCH
AND SLOT STRUCTURES

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. Ser. No. 11/344,
753 filed on Feb. 1, 2006 U.S. Pat. No. 7,256,741, the
entirety of which is incorporated herein by reference, which
is a continuation of U.S. Ser. No. 10/844,685 filed on May
13, 2004 U.S. Pat. No. 7,023, 387, the entirety of which is
also incorporated herein by reference. This application also
claims priority to EP 03252987.7.

FIELD OF THE INVENTION

This invention relates generally to the field of antennas.
More specifically, a multiple-band antenna is provided that
is particularly well-suited for use in wireless mobile com-
munication devices, generally referred to herein as “mobile
devices”, such as Personal Digital Assistants, cellular tele-
phones, and wireless two-way email communication
devices.

BACKGROUND OF THE INVENTION

Mobile devices having antennas that support multi-band
communications are known. Many such mobile devices
utilize helix or retractable structures, which are typically
installed outside of a mobile device, although embedded
antennas installed inside of a case or housing of a device are
also known. Generally, embedded antennas are preferred
over external antennas for mobile communication devices
for mechanical and ergonomic reasons. Embedded antennas
are protected by the mobile device case or housing and
therefore tend to be more durable than external antennas.
Whereas external antennas may physically interfere with the
surroundings of a mobile device and make a mobile device
difficult to use, particularly in limited-space environments,
embedded antennas present fewer such challenges.

In some types of mobile devices, however, known embed-
ded structures and design techniques provide relatively poor
communication signal radiation and reception, at least in
certain operating positions of the mobile devices. One of the
biggest challenges for mobile device antenna design is to
ensure that the antenna operates effectively in different
positions, since antenna position changes as a mobile device
is moved.

In addition, where operation of a mobile device in mul-
tiple operating frequency bands is desired or required,
physical space limitations often preclude the use of separate
antennas for each operating frequency band.

SUMMARY

According to an aspect of the invention, an antenna
having a plurality of operating frequency bands comprises a
first plurality of structures configured for operation in
respective ones of the plurality of operating frequency
bands, and a second plurality of structures, each configured
for operation in more than one of the plurality of operating
frequency bands.

A multiple-band antenna according to another aspect of
the invention has first, second, and third operating frequency
bands, and comprises a first patch structure associated with
the first operating frequency band, a second patch structure
connected to the first patch structure and associated with the
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second operating frequency band and the third operating
frequency band, a first slot structure disposed between a first
portion of the first patch structure and the second patch
structure and associated with the first operating frequency
band and the second operating frequency bands a second slot
structure disposed between a second portion of the first
patch structure and the second patch structure and associated
with the second operating frequency bands and a third slot
structure disposed between a third portion of the first patch
structure and the second patch structure and associated with
the first operating frequency band and the third operating
frequency band.

Further features and aspects of the invention will be
described or will become apparent in the course of the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of an antenna according to an
embodiment of the invention;

FIG. 2 is a bottom isometric view of the antenna of FIG.
1

FIG. 3 is a bottom isometric view of the antenna of FIG.
1 and an antenna mounting structure;

FIG. 4 is a top isometric view of the antenna and
mounting structure of FIG. 3 in an assembled position;

FIG. 5 is a cross-sectional view of the antenna and
mounting structure along line 5-5 of FIG. 4;

FIG. 6 is a rear view of a mobile device incorporating the
antenna and mounting structure of FIG. 4; and

FIG. 7 is a block diagram of a mobile device.

DETAILED DESCRIPTION

Structures in antennas described herein are sized and
shaped to tune an antenna for operation in multiple fre-
quency bands. As described in further detail below, an
antenna includes multiple-band antenna structures, each
configured for operation in multiple operating frequency
bands. In an embodiment of the invention described in detail
below, an antenna includes a plurality of structures which
are primarily associated with one of a first operating fre-
quency band, a second operating frequency band, and a third
operating frequency band, as well as a plurality of “shared”
multiple-band structures associated with more than one of
the first, second, and third operating frequency bands. This
enables the antenna to function as the antenna in a multi-
band mobile device. For example, an antenna may be
adapted for operation at the Global System for Mobile
communications (GSM) 900 MHz frequency band, the
GSM-1800 (1800 MHz) frequency band, also known as the
Digital Cellular System (DCS) frequency band, and the
GSM-1900 (1900 MHz) frequency band, sometimes
referred to as the Personal Communication System (PCS)
frequency band. Those skilled in the art will appreciate that
the GSM-900 band includes a transmit sub-band of 880-915
MHz and a receive sub-band 925-960 MHz, the DCS
frequency band similarly includes a transmit sub-band of
1710-1785 MHz and a receive sub-band of 1805-1880 MHz,
and the PCS frequency band includes a transmit sub-band a
transmit sub-band of 1850 -1910 MHz and a receive sub-
band of 1930-1990 MHz. It will also be appreciated by those
skilled in the art that these frequency bands are for illustra-
tive purposes only. Such an antenna may be designed to
operate in different, and possibly more than three, operating
frequency bands.
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FIG. 1 is a top view of an antenna according to an
embodiment of the invention. The antenna 10 includes the
structures 12, 14,16, 17, 18, 20, and 24, as well as mounting
bores 26, 30, 32, 34, and 36. The mounting bores 26, 30, 32,
34, and 36 are used to mount the antenna 10 to a mounting
structure, as will be described in further detail below in
conjunction with FIG. 4.

The antenna 10 includes patch structures 12 and 14, slot
structures 16, 17, and 18, and tuning structures 20 and 24.
Patch antennas are popular for their low profile, virtually
unlimited possible shapes and sizes, and inherent flexibility
which allows them to be made to conform to most surface
profiles. Patch antenna polarizations can be linear or ellip-
tical, with a main polarization component parallel to the
surface of the patch. Slot antennas are used to enhance the
field strength in required directions by changing their ori-
entations. Operating characteristics of patch and slot anten-
nas are established by antenna shape and dimensions. Prin-
ciples of operation of patch and slot antennas are well-
known to those skilled in the art to which the present
application pertains.

In the antenna 10, the patch structure 12 is a first structure
associated primarily with one frequency band in which the
antenna 10 operates, The patch structure 12 is generally
C-shaped, including two end portions, at the left- and
right-hand sides of the antenna 10 in the view shown in FIG.
1, and an adjoining portion, along the top of the antenna 10.
The size and shape of the patch structure 12 have a most
pronounced effect on antenna operating characteristics in its
operating frequency band, such as the actual frequency of
the operating frequency band, as well as antenna gain in the
operating frequency band. Of course, in any antenna such as
10, changes in a part of the antenna associated with one
frequency band may also affect other operating frequency
bands of the antenna, although in the antenna 10, the effects
of the structure 12 on other operating frequency bands are
not as significant, as will be described in further detail
below.

The patch structure 14 is a second structure that, unlike
the first patch structure 12, is a shared multiple-band struc-
ture. Operating characteristics of the antenna 10 in the
frequency bands associated with the patch structure 14,
including frequency and gain, for example, are affected by
the size and shape of the patch structure 14. Adjustment of
the dimensions of the patch structure 14 has a more balanced
effect on its operating frequency bands. As those skilled in
the art will appreciate, the patch structure 14 has a relatively
wide bandwidth encompassing its operating frequency
bands, and is tuned to optimize either one or more than one
of its operating frequency bands.

The slot structure 16 is also a shared multiple-band
structure, associated with more than one operating fre-
quency band. The length and the width of the slot structure
16 not only sets the frequency bands of the slot structure 16,
but also affects the gain and match of the antenna 10 in these
frequency bands. For example, changing the width and
length of the slot structure 16 may improve antenna match
but sacrifice its gain in the operating frequency bands
associated with the slot structure 16.

Although the slot structure 17 is connected to the slot
structure 16, the slot structure 17 is primarily associated with
a single operating frequency band. The dimensions of the
slot structure 17 have a dominant effect on performance of
the antenna 10 in one frequency band. For example, the slot
structure 17 has a different polarization than the slot struc-
ture 16, and enhances the transmit gain primarily in one
operating frequency band. In one embodiment of the inven-
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tion, the operating frequency band of the slot structure 17 is
also a highest operating frequency band of the patch struc-
ture 14. Adding the slot structure 17 to the slot structure 16
reduces the size of the patch structure 14 and thereby further
enhances this operating frequency band.

The slot structure 18 is another shared structure, in that it
is positioned in the antenna 10 and dimensioned to affect
antenna operation in multiple frequency bands. Whereas
each of the structures 12 and 16 has a dominant effect on one
corresponding operating frequency band, the length, width,
and location of the slot structure 18 have a more distributed
effect in multiple frequency bands. For example, adjustment
of'the position and dimensions of the slot structure 18 affects
the gain and match of the multiple-band antenna in more
than one frequency band.

The patch structures 12 and 14 are shorted along the line
39 in FIG. 1 The antenna 10 is operable with different
shorting lengths between the patch structures 12 and 14
along the line 39. This provides flexibility in the design of
the antenna 10 in that the positions and dimensions of either
or both of the slot structures 17 and 18 may be changed, for
example to improve gain in operating frequency bands
associated with the slot structures 17 and 18, without sig-
nificantly degrading performance of the antenna 10.

Tuning structures 20 and 24 are used for fine-tuning the
antenna 10. Although connected to the first patch structure
12, the tuning structure 20 may form a tuning tab for a
different frequency band that the operating frequency band
of the first patch structure 12. As described below, the
left-hand end portion of the first patch structure 12 is
connected to a feeding point of the antenna 10 and as such
is used whenever the antenna 10 is operating in any of its
frequency bands. The tuning structure 20 can thus be
adapted to have a dominant effect on any of the operating
frequency bands of the antenna 10. Fine tuning of such an
operating frequency band is accomplished by setting the
dimensions of the fine tuning tab 20.

The tuning structure 24, however, at the right-hand end
portion of the antenna 10, has a dominant effect on the
operating frequency band of the first patch structure 12. The
tuning tab forming the tuning structure 24 affects the overall
electrical length, and thus the operating frequency band, of
the first patch structure 12.

In one embodiment of the invention, the antenna 10 is a
tri-band antenna having first, second, and third operating
frequency bands. The first patch structure 12 is associated
with the first operating frequency band, the second patch
structure 14 is associated with the second and third operating
frequency bands, the slot structure 16 is associated with the
first and third operating frequency bands, the slot structure
17 is associated with the third operating frequency band, and
the slot structure 18 is associated with the first and second
operating frequency bands. The first operating frequency
band is fine tuned using tuning structure 24, and the tuning
structure 20 is used to fine tune the second operating
frequency band. For an antenna intended for use in a
GSM/GPRS mobile device, for example, the first, second
and third frequency bands may be GSM-900, DCS, and
PCS, respectively.

Those skilled in the art will appreciate that the invention
is in no way limited to the GSM, DCS, and PCS operating
frequency bands, or to any specific inter-relation between
the frequency bands associated with each structure in the
antenna 10. For example, the first operating frequency band
could be common between the first and second patch struc-
tures 12 and 14. In this case, the first patch structure 12 is
configured for the first operating frequency band. as above,





US 7,369,089 B2

5

and the second patch structure 14 is configured for the first
frequency band and another frequency band. Other associa-
tions between structures and frequency bands are also pos-
sible.

Referring now to FIG. 2, operation of the antenna 10 will
be described in further detail. FIG. 2 is a bottom isometric
view of the antenna of FIG. 1 A feeding point 38 and ground
point 40, with respective mounting bores 42 and 44, are
shown in FIG. 2. The feeding point 38 and the ground point
40 form a single feeding port for the antenna 10. When
installed in a mobile device, the ground point 40 is con-
nected to signal ground to form a ground plane for the
antenna 10, and the feeding point 38 is coupled to one or
more transceivers operable to send and/or receive signals in
the operating frequency bands of the antenna 10.

Signals in the operating frequency bands, established as
described above, are received and radiated by the antenna
10. An electromagnetic signal in one of the operating
frequency bands is received by the antenna 10 and converted
into an electrical signal for a corresponding receiver or
transceiver coupled to the feeding point 38 and the ground
point 40. Similarly, an electrical signal in one of the oper-
ating frequency bands input to the antenna 10 via the feeding
point 38 and the ground point 40 by a transmitter or
transceiver is radiated from the antenna 10.

In the above example, when operating in the first fre-
quency band, the structures 12, 16, and 18 of the antenna 10
radiate and receive signals polarized in directions both
parallel and perpendicular to the patch structure 12 in a
co-operative manner to enhance the gain. Operation of the
antenna 10 in the second and third frequency bands is
substantially similar. In the second frequency band, the
structures 14 and 18 are the major radiating and receiving
components, and in the third frequency band, the structures
14, 16, and 17 are the main radiators and receivers.

The antenna 10 offers improved signal transmission and
reception relative to known antenna designs, since it uses
combined structures of patch and slot antennas which work
co-operatively to radiate and receive signals polarized in
most popular directions. In this manner, the performance of
the antenna 10 is less affected by orientation of a mobile
device in which it is installed. Multiple-band operation is
also supported in a single antenna with one feeding port.

Performance of the antenna 10 is further enhanced when
the antenna is mounted on a mounting structure as shown in
FIGS. 3-5. FIG. 3 is a bottom isometric view of the antenna
of FIG. I and an antenna mounting structure, FIG. 4 is a top
isometric view of the antenna and mounting structure of
FIG. 3 in an assembled position, and FIG. 5 is a cross-
sectional view of the antenna and mounting structure along
line 5-5 of FIG. 4.

In FIG. 3, the antenna 10 is shown substantially as in FIG.
2, and has been described above. The mounting structure 50
is preferably made of plastic or other dielectric material, and
includes mounting pins 52 and 54 on a support structure 53,
and a mounting surface 60. The mounting structure 50 also
includes a fastener structure 62, an alignment pin 64, and
other structural components 66 and 68 which cooperate with
housing sections or other parts of a mobile device in which
the antenna is installed. For example, the alignment pin 64
serves to align the mounting structure relative to a part of a
mobile device which includes a cooperating alignment hole.
The fastener structure 62 is configured to receive a screw,
rivet or other fastener to attach the mounting structure to
another part of the mobile device once the mounting struc-
ture 50 is properly aligned. The antenna 10 is preferably
mounted to the mounting structure 50 before the mounting
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structure is attached to other parts of such a mobile device.
The antenna 10 and the mounting structure 60 comprise an
antenna system generally designated 70 in FIG. 3.

The mounting pins 52 and 54 are positioned on the
support structure 53 so as to be received in the mounting
bores 42 and 44, respectively, when the antenna 10 is
positioned for mounting as indicated by the dashed lines 56
and 58. The mounting pins 52 and 54 are then preferably
deformed to mount the feeding point 38 and the ground point
40 to the support structure 53 on the mounting structure 50.
The mounting pins 52 and 54 may, for example, be heat
stakes which are melted to overlay a portion of the feeding
point 38 and the ground point 40 surrounding the mounting
bores 42 and 44 and thereby retain the feeding point 38 and
the ground point 40 in a mounted position.

The top side of the antenna system 70 is shown in FIG. 4,
in which the antenna 10 is in a mounted position on the
mounting structure 50. As shown, the mounting bores 26,
30, 32, 34, and 36 receive the mounting pins 27, 31, 33, 35,
and 37, which are then preferably deformed as described
above to retain the antenna 10 in the mounted position. The
antenna 10 lies substantially against the surface 60 when
mounted on the mounting structure 50. The surface 60 in
FIGS. 3-5 is an arced surface, although alternative surface
profiles, including faceted and other non-smooth mounting
surfaces, may instead be used.

The mounting bores 26, 30, 32, and 34 are surrounded by
beveled surfaces, as shown in FIGS. 1-4. These beveled
surfaces serve to offset or displace the mounting bores from
the surface the antenna 10, such that the cooperating mount-
ing pins are located below the surface of the antenna 10
when the pins are deformed to retain the antenna 10 in its
mounted position. Depending upon the physical limitations
imposed by the device in which the antenna system 70 is to
be implemented, a smooth finished profile for the antenna
system 70 or particular parts thereof might not be crucial,
such that mounting bores need not be displaced from the
surface of the antenna 10. The mounting bores 36, 42, and
44 are such flush mounting bores. As will be apparent from
FIGS. 4 and 5, the mounting structure 50 is smooth, but not
flat. In particular, the portion of the mounting structure 50
which includes the mounting pin 37 tapers away from the
remainder of the surface 60, such that the mounting pin 37
lies below the other mounting pins 27, 31, 33, and 35. This
is evident from FIG. 5, for example, in which only the
mounting pins 31, 33, and 35 are shown. Similarly, the
feeding point 38 and ground point 40 are disposed below a
surface of the antenna 10, where a smooth finished profile
might not be important. Thus, a multiple-band antenna may
include offset mounting bores such as 26, 30, 32, and 34,
flush mounting bores such as 36, 42, and 44, or both.

The antenna 10 may, for example, be fabricated from a
substantially flat conductive sheet of a conductor such as
copper, aluminum, silver, or gold, using stamping or other
cutting techniques, to form antenna blanks. Mounting bores
may be cut or stamped as the blanks are formed, or drilled
into the flat antenna blanks. Antenna blanks are then
deformed into the shape shown in FIGS. 2 and 3 to conform
to the mounting structure 50. Alternatively, deformation of
an antenna blank could be performed while an antenna is
being mounted to the mounting structure 50. The feeding
point 38 and ground point 40 are bent at 46 and 48 to
position the feeding point 38 and ground point 40 relative to
the structures 12 and 14, as described in further detail below,

As shown in FIGS. 3-5, the antenna 10 includes bent
portions 46 and 48 which respectively couple the feeding
point 38 and the ground point 40 to the first structure 12 and
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second structure 14. The first structure 12 and the second
structure 14 comprise a first surface of the antenna structure,
which conforms to a first surface, the surface 60, of the
mounting structure 50 when the antenna 10 is in its mounted
position. The bent portions 46 and 48 position the feeding
point 38 and the ground point 40 on a second surface of the
mounting structure 50 opposite to and overlapping the first
surface of the mounting structure 50. The feeding point 38
and the ground point 40 thus overlap or oppose the first and
second structures 12 and 14.

As those skilled in the art will appreciate, the bent
portions 46 and 48 add electrical length to the first and
second structures 12 and 14, providing a further means to
control antenna gain and frequency for their associated
frequency bands. Also, as shown most clearly in FIG. 5, the
bent portion 48 orients the ground point 40 opposite the
second antenna element 14, which introduces a capacitance
between parts of the antenna 10. The distance between the
ground point 40, which forms the ground plane of the
antenna 10, and the second structure 14 affects the capaci-
tance between the ground plane and the antenna 10, which
in turn affects antenna gain and match. Antenna gain and
match can thereby be enhanced by selecting the distance
between the ground plane and the antenna 10, and estab-
lishing dimensions of the support structure 53 accordingly.

FIG. 6 is a rear view of a mobile device incorporating the
antenna and mounting structure of FIG. 4. As will be
apparent to those skilled in the art, the mobile device 100 is
normally substantially enclosed within a housing having
front, rear, top, bottom, and side surfaces. Data input and
output devices such as a display and a keypad or keyboard
are normally mounted within the front surface of a mobile
device. A speaker and microphone for voice input and output
are typically disposed in the front surface, or alternatively in
the top or bottom surface, of the mobile device. Such mobile
devices also often incorporate a shield which reduces elec-
tromagnetic energy radiated outward from the front of the
device, toward a user.

In FIG. 6, the mobile device 100 is shown with a rear
housing section removed. Internal components of the mobile
device 100 are dependent upon the particular type of mobile
device. However, the mobile device 100 is enabled for voice
communications and therefore includes at least a micro-
phone and speaker, respectively mounted at or near a lower
surface 80 and an upper surface 90 of the mobile device 100.
When in use for voice communications, a user holds the
mobile device 100 such that the speaker is near the user’s ear
and the microphone is near the user’s mouth. The shield 95
extends around the mobile device, and in particular between
the antenna 10 and the front of the mobile device 100.

Generally, a user holds a lower portion of a mobile device
such as 100 with one hand when engaged in a conversation.
As such, the top rear portion of the mobile device 100, and
thus the antenna 10, is relatively unobstructed when the
mobile device 100 is in a voice communication position,
thereby providing enhanced performance compared to
known antennas and mobile devices.

In a similar manner, the location of the antenna 10 shown
in FIG. 6 remains unobstructed in other positions of the
mobile device 100. For example, since data input devices
such as keyboards and keypads are typically located below
a display on a mobile device, the display tends to be
positioned near the top of a mobile device. On such a mobile
device, a user enters data using the input device, positioned
on a lower section of the mobile device, and thus supports
or holds the lower section of the mobile device, such that the
top rear section of the mobile device remains unobstructed.
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Many mobile device holders and storage systems engage
only the lower portion of a mobile device, and thus create no
further barrier to the antenna 10 in the mobile device 100. In
other types of holders or set down positions, the antenna 10
may be somewhat obstructed, but not to any greater degree
than known embedded antennas.

Thus, the antenna 10, mounted in a mobile device as
shown in FIG. 6, not only radiates and receives in plurality
of planes of polarization as described above, but is also
located in the mobile device so as to be substantially
unobstructed in typical use positions of the mobile device.

Antennas according to aspects of the invention are appli-
cable to different types of mobile device, including, for
example, data communication devices, voice communica-
tion devices, dual-mode communication devices such as
mobile telephones having data communications functional-
ity, personal digital assistants (PDAs) enabled for wireless
communications, wireless email communication devices, or
laptop or desktop computer systems with wireless modems.
FIG. 7 is a block diagram of a mobile device.

The mobile device 700 is a dual-mode and multiple-band
mobile device and includes a transceiver module 711, a
microprocessor 738, a display 722, a non-volatile memory
724, a random access memory (RAM) 726, one or more
auxiliary input/output (I/O) devices 728, a serial port 730, a
keyboard 732, a speaker 734, a microphone 736, a short-
range wireless communications sub-system 740, and other
device sub-systems 742.

The transceiver module 711 includes a antenna 10, a first
transceiver 716, the second transceiver 714, one or more
local oscillators 713, and a digital signal processor (DSP)
720.

Within the non-volatile memory 724, the device 700
preferably includes a plurality of software modules 724 A-
724N that can be executed by the microprocessor 738
(and/or the DSP 720), including a voice communication
module 724A, a data communication module 724B, and a
plurality of other operational modules 724N for carrying out
a plurality of other functions.

The mobile device 700 is preferably a two-way commu-
nication device having voice and data communication capa-
bilities. Thus, for example, the mobile device 700 may
communicate over a voice network, such as any of the
analog or digital cellular networks, and may also commu-
nicate over a data network. The voice and data networks are
depicted in FIG. 7 by the communication tower 719. These
voice and data networks may be separate communication
networks using separate infrastructure, such as base stations,
network controllers, etc. or they may be integrated into a
single wireless network. Each transceiver 716 and 714 is
normally configured to communicate with different net-
works 719.

The transceiver module 711 is used to communicate with
the networks 719, and includes the first transceiver 116, the
second transceiver 114, the one or more local oscillators
713, and the DSP 720. The DSP 720 is used to send and
receive signals to and from the transceivers 714 and 716 and
to provide control information to the transceivers 714 and
716. If the voice and data communications occur at a single
frequency, or closely-spaced sets of frequencies, then a
single local oscillator 713 may be used in conjunction with
the transceivers 714 and 716. Alternatively, if different
frequencies are utilized for voice communications versus
data communications or communications in different net-
works or types of network, for example, then a plurality of
local oscillators 713 can be used to generate a plurality of
frequencies corresponding to the voice and data networks





US 7,369,089 B2

9

719. Information, which includes both voice and data infor-
mation, is communicated to and from the transceiver module
711 via a link between the DSP 720 and the microprocessor
738.

The detailed design of the transceiver module 711, such as
frequency bands, component selection, power level, etc., is
dependent upon the communication networks 719 in which
the mobile device 700 is intended to operate. For example,
the transceiver module 711 may include transceivers 714
and 716 designed to operate with any of a variety of
communication networks, such as the Mobitex™ or
DataTAC™ mobile data communication networks, AMPS,
TDMA, CDMA, PCS, and GSM. Other types of data and
voice networks, both separate and integrated may also be
utilized where the mobile device 700 includes a correspond-
ing transceiver and the antenna 10 is configured to operate
in a corresponding operating frequency band.

Depending upon the type of network 719, the access
requirements for the mobile device 700 may also vary. For
example, in the Mobitex and DataTAC data networks,
mobile devices are registered on the network using a unique
identification number associated with each mobile device. In
GPRS data networks, however, network access is associated
with a subscriber or user of a mobile device. A GPRS device
typically requires a subscriber identity module (“SIM”),
which is required in order to operate a mobile device on a
GPRS network. Local or non-network communication func-
tions (if any) may be operable, without the SIM device, but
a mobile device will be unable to carry out any functions
involving communications over the data network 719, other
than any legally required operations, such as ‘911’ emer-
gency calling.

After any required network registration or activation
procedures have been completed, the mobile device 700
may then send and receive communication signals, includ-
ing both voice and data signals, over the networks 719.
Signals received by the antenna 10 from the communication
network 719 are routed to one of the transceivers 714 and
716, which provides for such functions as signal amplifica-
tion, frequency down conversion, filtering, channel selec-
tion, and analog to digital conversion. Analog to digital
conversion of the received signal allows more complex
communication functions, such as digital demodulation and
decoding to be performed using the DSP 720. In a similar
manner, signals to be transmitted to the network 719 are
processed by the DSP 720, which modulates and encodes the
signals, for example, and then provides the processed signals
to one of the transceivers 714 and 716, which perform such
operations as digital to analog conversion, frequency up
conversion, filtering, amplification, and transmission to the
communication network 719 via the antenna 10.

In addition to processing the communication signals, the
DSP 720 also provides for transceiver control. For example,
the gain levels applied to communication signals in the
transceivers 714 and 716 may be adaptively controlled
through automatic gain control algorithms implemented in
the DSP 720. Other transceiver control algorithms could also
be implemented in the DSP 720 in order to provide more
sophisticated control of the transceiver module 711.

The microprocessor 738 preferably manages and controls
the overall operation of the dual-mode mobile device 700.
Many types of microprocessors or microcontrollers could be
used here, or, alternatively, a single DSP 720 could be used
to carry out the functions of the microprocessor 738. Low-
level communication functions, including at least data and
voice communications, are performed through the DSP 720
in the transceiver module 711. Other, high-level communi-
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cation applications, such as a voice communication appli-
cation 724A, and a data communication application 724B
may be stored in the non-volatile memory 724 for execution
by the microprocessor 738. For example, the voice commu-
nication module 724A provides a high-level user interface
operable to transmit and receive voice calls between the
mobile device 700 and a plurality of other voice or dual-
mode devices via the network 719. Similarly, the data
communication module 724B provides a high-level user
interface operable for sending and receiving data, such as
e-mail messages, files, organizer information, short text
messages, etc., between the mobile device 700 and a plu-
rality of other data devices via the networks 719.

The microprocessor 738 also interacts with other device
subsystems, such as the display 722, the non-volatile
memory 724, the RAM 726, the auxiliary input/output (I/O)
subsystems 728, the serial port 730, the keyboard 732, the
speaker 734, the microphone 736, the short-range commu-
nications subsystem 740, and any other device subsystems
generally designated as 742.

Some of the subsystems shown in FIG. 7 perform com-
munication-related functions, whereas other subsystems
may provide “resident” or on-device functions. Notably,
some subsystems, such as keyboard 732 and display 722
may be used for both communication-related functions, such
as entering a text message for transmission over a data
communication network, and device-resident functions such
as a calculator, task list, or other PDA-type functions.

Operating system software used by the microprocessor
738 is preferably stored in a persistent store such as the
non-volatile memory 724. In addition to the operating sys-
tem, which controls all of the low-level functions of the
mobile device 700, the non-volatile memory 724 may
include a plurality of high-level software application pro-
grams, or modules, such as a voice communication module
724A, a data communication module 724B an organizer
module (not shown), or any other type of software module
724N. The non-volatile memory 724 also may include a file
system for storing data. These modules are executed by the
microprocessor 738 and provide a high-level interface
between a user and the mobile device 700. This interface
typically includes a graphical component provided through
the display 722, and an input/output component provided
through the auxiliary 1/O 728, the keyboard 732, the speaker
734, and the microphone 736. The operating system, specific
device applications or modules, or parts thereof; may be
temporarily loaded into a volatile store, such as RAM 726
for faster operation. Moreover, received communication
signals may also be temporarily stored to RAM 726, before
permanently writing them to a file system located in a
persistent store such as the non-volatile memory 724. The
non-volatile memory 724 may be implemented, for example,
as a Flash memory component or a battery backed-up RAM.

An exemplary application module 724N that may be
loaded onto the mobile device 700 is a personal information
manager (PIM) application providing PDA functionality,
such as calendar events, appointments, and task items. This
module 724N may also interact with the voice communica-
tion module 724A for managing phone calls, voice mails,
etc., and may also interact with the data communication
module 724B for managing e-mail communications and
other data transmissions. Alternatively, all of the function-
ality of the voice communication module 724 A and the data
communication module 724B may be integrated into the
PIM module.

The non-volatile memory 724 preferably provides a file
system to facilitate storage of PIM data items on the device.
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The PIM application preferably includes the ability to send
and receive data items, either by itself, or in conjunction
with the voice and data communication modules 724A,
724B, via the wireless networks 719. The PIM data items are
preferably seamlessly integrated, synchronized and updated,
via the wireless networks 719, with a corresponding set of
data items stored or associated with a host computer system,
thereby creating a mirrored system for data items associated
with a particular user.

The mobile device 700 may also be manually synchro-
nized with a host system by placing the device 700 in an
interface cradle, which couples the serial port 730 of the
mobile device 700 to the serial port of the host system. The
serial port 730 may also be used to enable a user to set
preferences through an external device or software applica-
tion, or to download other application modules 724N for
installation. This wired download path may be used to load
an encryption key onto the device, for example, to provide
a more secure method than exchanging such encryption
information via the wireless networks 719. Interfaces for
other wired download paths may be provided in the mobile
device 700, in addition to or instead of the serial port 730.
For example, a USB port provides an interface to a similarly
equipped personal computer.

Additional application modules 724N may be loaded onto
the mobile device 700 through the networks 719, through an
auxiliary I/O subsystem 728, through the serial port 730,
through the short-range communications subsystem 740, or
through any other suitable subsystem 742, and installed by
a user in the non-volatile memory 724 or RAM 726. Such
flexibility in application installation increases the function-
ality of the mobile device 700 and may provide enhanced
on-device functions, communication-related functions, or
both. For example, secure communication applications
enable electronic commerce functions and other such finan-
cial transactions to be performed using the mobile device
700.

When the mobile device 700 is operating in a data
communication mode, a received signal, such as a text
message or a web page download, is processed by the
transceiver module 711 and provided to the microprocessor
738, which preferably further processes the received signal
for output to the display 722, or, alternatively, to an auxiliary
1/0 device 728. A user of mobile device 700 may also
compose data items, such as email messages, using the
keyboard 732, which is preferably a complete alphanumeric
keyboard laid out in the QWERTY style, although other
styles of keyboards, such as the known DVORAK style or
a telephone keypad, may also be used. User input to the
mobile device 700 is further enhanced with a plurality of
auxiliary I/O devices 728, which may include a thumbwheel
input device, a touchpad, a variety of switches, a rocker
input switch, etc. The composed data items input by the user
may then be transmitted over the communication networks
719 via the transceiver module 711.

When the mobile device 700 is operating in a voice
communication mode, the overall operation of the mobile
device is substantially similar to the data mode, except that
received signals are output to the speaker 734 and voice
signals for transmission are generated by the microphone
736. Alternative voice or audio I/O subsystems, such as a
voice message recording subsystem, may also be imple-
mented on the mobile device 700. Although voice or audio
signal output is preferably accomplished primarily through
the speaker 734, the display 722 may also be used to provide
an indication of the identity of a calling party, the duration
of a voice call, or other voice call-related information. For
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example, the microprocessor 738, in conjunction with the
voice communication module 724 A and the operating sys-
tem software, may detect the caller identification informa-
tion of an incoming voice call and display it on the display
722.

A short-range communications subsystem 740 is also
included in the mobile device 700. For example, the sub-
system 740 may include an infrared device and associated
circuits and components, or a short-range RF communica-
tion module such as a Bluetooth™ module or an 802.11
module to provide for communication with similarly-en-
abled systems and devices. Those skilled in the art will
appreciate that “Bluetooth” and “802.11” refer to sets of
specifications, available from the Institute of Flectrical and
Electronics Engineers, relating to wireless personal area
networks and wireless local area networks, respectively.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to make and use the invention. The
invention may include other examples that occur to those
skilled in the art.

For example, although described above primarily in the
context of a tri-band antenna, a multiple-element antenna
may also include further antenna elements to provide for
operation in more than three frequency bands. Similarly,
even though the antenna described herein provides three
operating frequency bands, implementations in which fewer
operating frequency bands are used are also possible. For
example, an antenna that supports GSM-900, DCS and PCS
might be used in a mobile device that uses only GSM-900
and PCS.

The mounting structure 50 is shown for illustrative pur-
poses only, and may be shaped differently and include
different, further, or fewer cooperating structures than those
shown in the drawings and described above, depending on
the particular mobile device in which the multiple-band
antenna is implemented. It should also be appreciated that
the mounting structure could be integral with a mobile
device housing or other component of the mobile device
instead of a separate component.

Layout of the multiple-band antenna is similarly intended
to be illustrative and not restrictive. For example, a multiple-
band antenna according to the present invention may include
slot structures of a different shape than shown in the draw-
ings, and need not necessarily incorporate fine-tuning struc-
tures. Similarly, as is typical in antenna design, the dimen-
sions and positions of antenna structures can be adjusted as
necessary to compensate for effects of other mobile device
components, including a shield or display, for example, on
antenna characteristics.

Although the antenna 10 is mounted on the mounting
structure 50 using mounting pins, other types of fasteners,
including screws, rivets, and adhesives, for example, will be
apparent to those skilled in the art.

In addition, fabrication of the antenna 10 from a planar
conductive sheet as described above simplifies manufacture
of the antenna 10, but the invention is in no way restricted
to this particular, or any other, fabrication technique. Print-
ing or depositing a conductive film on a substrate and
etching previously deposited conductor from a substrate are
two possible alternative techniques.

Multiple-band patch and slot antenna structures in a single
antenna have been described above. Those skilled in the art
will appreciate that the invention is in no way restricted to
a particular type or number of shared multiple-band struc-
ture. In alternative embodiments of the invention, only one
type of antenna structure, or more or fewer antenna struc-
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tures, are shared multiple-band structures. The principles
described herein may also be applied to antennas comprising
other types of structure than patch and slot structures.

We claim:

1. A multiple-band antenna system, comprising:

an antenna, the antenna comprising a first patch associ-
ated with a first frequency band, a second patch coupled
to the first patch and associated with a second fre-
quency band and a third operating frequency band, a
first slot located between a first portion of the first patch
and the second patch and associated with the first
operating frequency band and the second operating
frequency band, a second slot located between a second
portion of the first patch and the second patch and
associated with the second operating frequency band, a
third slot disposed between a third portion of the first
patch and the second patch and associated with the first
operating frequency band and the third operating fre-
quency band, a feeding point electrically connected to
the first end portion, and a ground point electrically
connected to the second patch; and

a mounting structure for holding the antenna, the mount-
ing structure being configured to support a substantial
portion of the antenna on a mounting surface and
configured to support the feeding point and the ground
point of the antenna on a second surface such that the
feeding point opposes a portion of the first patch
structure and the ground point opposes a portion of the
second patch structure.

2. The multiple-band antenna system of claim 1, wherein:

the first patch comprises a first end portion, a second end
portion, and an adjoining portion coupling the first end
portion and the second end portion;

the second patch is electrically connected to the adjoining
portion;

the first slot is disposed between the first end portion and
the second patch;

the second slot is disposed between the adjoining portion
and the second patch; and

the third slot is disposed between the second end portion
and the second patch.

3. The multiple-band antenna system of claim 1, further

comprising:

a first tuning element coupled to the first portion of the
first patch and configured for tuning the third operating
frequency band; and

a second tuning element coupled to the second portion of
the first patch and configured for tuning the first oper-
ating frequency band.

4. The multiple-band antenna system of claim 1, wherein

the mounting structure comprises:

a pair of mounting pins and a support structure;

wherein the pair of mounting pins cooperate with a pair of
mounting bores on the antenna to mount the antenna to
the support structure.

5. The multiple-band antenna system of claim 4, wherein
the pair of mounting pins are deformed in order to mount the
antenna to the mounting structure.

6. The multiple-band antenna system of claim 5, wherein
the pair of mounting bores are located in the feeding point
and the ground point.

7. The multiple-band antenna system of claim 6, wherein
the pair of mounting pins are heat stakes which are melted
to overlay a portion of the feeding point element and the
ground point element in order to mount the antenna to the
mounting structure.
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8. The multiple-band antenna system of claim 1, wherein
the mounting structure comprises a fastener structure and an
alignment pin for mechanically coupling the antenna system
to a device housing.

9. The multiple-band antenna system of claim 1, wherein
the mounting surface has a plurality of mounting pins and
the plurality of mounting pins cooperate with a plurality of
mounting bores on the antenna to mount the antenna to the
mounting surface.

10. A multiple-band antenna comprising:

a first patch structure having a non-planar surface, the first
patch structure having a first end portion, a second end
portion and an adjoining portion coupling the first and
second end portions to form a generally C-shaped
profile, the configuration allowing the first patch struc-
ture to be operable in a first operating frequency band;

a second patch structure having a non-planar surface, the
second patch structure positioned between the first and
second end portions of the first patch structure and
coupled to the first patch structure at an area adjacent
to the area where the second end portion couples with
the adjoining portion, the configuration allowing the
second patch structure to be operable in a second and
a third operating frequency band;

a first slot structure having a varying width and disposed
between the first end portion and the second patch
structure, wherein the width in a substantial portion of
the first slot structure increases linearly, the configura-
tion allowing the first slot structure to be operable in the
first and third operating frequency bands;

a second slot structure disposed between the adjoining
portion and the second patch structure and connected to
the first slot structure, the configuration allowing the
second slot structure to be operable in the third oper-
ating frequency band; and

a third slot structure having a varying width and disposed
between the second end portion and the second patch
structure, wherein the width in a substantial portion of
the third slot structure increases linearly, the configu-
ration allowing the third slot structure to be operable in
the first and second operating frequency bands.

11. The multiple-band antenna of claim 10, further com-

prising a feeding part, the feeding part comprising:

a feeding point electrically coupled to the first end portion
and positioned to overlap the first end portion; and

a ground point electrically coupled to the second patch
structure and positioned to overlap the second patch
structure.

12. The multiple-band antenna of claim 11, wherein the
first patch structure further comprises a bent portion elec-
trically coupling the feeding point to the first end portion,
and the second patch structure comprises a bent portion
electrically coupling the ground point to the second patch
structure.

13. The multiple-band antenna of claim 12, wherein the
bent portion of the first patch structure and the bent portion
of the second patch structure respectively position the feed-
ing point and the ground point at a predetermined distance
from the first patch structure and the second patch structure.

14. The multiple-band antenna of claim 10, further com-
prising a plurality of tuning structures.

15. The multiple-band antenna of claim 10, further com-
prising:

a first tuning structure connected to the first end portion of

the first patch structure and comprising a fine tuning tab
for tuning the second operating frequency band; and





US 7,369,089 B2

15

a second tuning structure connected to the second end
portion of the first patch structure and comprising a fine
tuning tab for tuning the first operating frequency band.

16. A mobile device, comprising:

communications circuitry operable to communicate over
first, second and third frequency bands; and

a multiple-band antenna coupled to the communications
circuitry, the multiple-band antenna comprising:

a first patch structure having a non-planar surface, the
first patch structure having a first end portion, a
second end portion and an adjoining portion cou-
pling the first and second end portions to form a
generally C-shaped profile, the configuration allow-
ing the first patch structure to be operable in a first
operating frequency band;

a second patch structure having a non-planar surface,
the second patch structure positioned between the
first and second end portions of the first patch
structure and coupled to the first patch structure at an
area adjacent to the area where the second end
portion couples with the adjoining portion, the con-
figuration allowing the second patch structure to be
operable in a second and a third operating frequency
band;

a first slot structure having a varying width and dis-
posed between the first end portion and the second
patch structure, wherein the width in a substantial
portion of the first slot structure increases linearly,
the configuration allowing the first slot structure to
be operable in the first and third operating frequency
bands;

a second slot structure disposed between the adjoining
portion and the second patch structure and connected
to the first slot structure, the configuration allowing
the second slot structure to be operable in the third
operating frequency band; and
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a third slot structure having a varying width and
disposed between the second end portion and the
second patch structure, wherein the width in a sub-
stantial portion of the third slot structure increases
linearly, the configuration allowing the third slot
structure to be operable in the first and second
operating frequency bands.

17. The mobile device of claim 16, further comprising a
feeding part, the feeding part comprising:
a feeding point electrically coupled to the first end portion
and positioned to overlap the first end portion; and

a ground point electrically coupled to the second patch
structure and positioned to overlap the second patch
structure.

18. The mobile device of claim 16, wherein the first patch
structure further comprises a bent portion electrically cou-
pling the feeding point to the first end portion, and the
second patch structure comprises a bent portion electrically
coupling the ground point to the second patch structure.

19. The mobile device of claim 18, wherein the bent
portion of the first patch structure and the bent portion of the
second patch structure respectively position the feeding
point and the ground point at a predetermined distance from
the first patch structure and the second patch structure.

20. The mobile device of claim 16, further comprising:

a first tuning structure connected to the first end portion of

the first patch structure and comprising a fine tuning tab
for tuning the second operating frequency band; and

a second tuning structure connected to the second end

portion of the first patch structure and comprising a fine
tuning tab for tuning the first operating frequency band.






