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substrate, a printed circuit pattern disposed within the insu-
lating substrate, and a loop antenna electrically connected to
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inserted into the insulating substrate and connected to the
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A slit (15) is formed between a feed point and GND point of
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HIGH-STRENGTH MICROWAVE ANTENNA
ASSEMBLIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 11/493,392, filed Jul. 26, 2006, now U.S. Pat. No. 7,527,
623 which is a continuation of U.S. application Ser. No.
10/961,994, filed Oct. 7, 2004, now U.S. Pat. No. 7,147,632,
which is a continuation of U.S. application Ser. No. 10/052,
848, filed Nov. 2, 2001, now U.S. Pat. No. 6,878,147, the
contents of which are each hereby incorporated by reference
into the present disclosure.

TECHNICAL FIELD OF THE INVENTION

The invention relates generally to microwave antenna
probes which may be used in tissue ablation applications.
More particularly, the invention relates to microwave anten-
nas which may be inserted directly into tissue for diagnosis
and treatment of diseases.

BACKGROUND OF THE INVENTION

In the treatment of diseases such as cancer, certain types of
cancer cells have been found to denature at elevated tempera-
tures which are slightly lower than temperatures normally
injurious to healthy cells. These types of treatments, known
generally as hyperthermia therapy, typically utilize electro-
magnetic radiation to heat diseased cells to temperatures
above 41° C. while maintaining adjacent healthy cells at
lower temperatures where irreversible cell destruction will
not occur. Other procedures utilizing electromagnetic radia-
tion to heat tissue also include ablation and coagulation of the
tissue. Such microwave ablation procedures, e.g., such as
those performed for menorrhagia, are typically done to ablate
and coagulate the targeted tissue to denature or kill it. Many
procedures and types of devices utilizing electromagnetic
radiation therapy are known in the art. Such microwave
therapy is typically used in the treatment of tissue and, organs
such as the prostate, heart, and liver.

One non-invasive procedure generally involves the treat-
ment of tissue (e.g., a tumor) underlying the skin via the use
of microwave energy. The microwave energy is able to non-
invasively penetrate the skin to reach the underlying tissue.
However, this non-invasive procedure may result in the
unwanted heating of healthy tissue. Thus, the non-invasive
use of microwave energy requires a great deal of control. This
is partly why a more direct and precise method of applying
microwave radiation has been sought.

Presently, there are several types of microwave probes in
use, e.g., monopole, dipole, and helical. One type is a mono-
pole antenna probe, which consists of a single, elongated
microwave conductor exposed at the end of the probe. The
probe is sometimes surrounded by a dielectric sleeve. The
second type of microwave probe commonly used is a dipole
antenna, which consists of a coaxial construction having an
inner conductor and an outer conductor with a dielectric
separating a portion of the inner conductor and a portion of
the outer conductor. In the monopole and dipole antenna
probe, microwave energy generally radiates perpendicularly
from the axis of the conductor.

The typical microwave antenna has a long, thin inner con-
ductor which extends along the axis of the probe and is
surrounded by a dielectric material and is further surrounded
by an outer conductor around the dielectric material such that
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the outer conductor also extends along the axis of the probe.
In another variation of the probe which provides for effective
outward radiation of energy or heating, a portion or portions
of the outer conductor can be selectively removed. This type
of'construction is typically referred to as a “leaky waveguide”
or “leaky coaxial” antenna. Another variation on the micro-
wave probe involves having the tip formed in a uniform spiral
pattern, such as ahelix, to provide the necessary configuration
for effective radiation. This variation can be used to direct
energy in a particular direction, e.g., perpendicular to the axis,
in a forward direction (i.e., towards the distal end of the
antenna), or a combination thereof.

Invasive procedures and devices have been developed in
which a microwave antenna probe may be either inserted
directly into a point of treatment via a normal body orifice or
percutaneously inserted. Such invasive procedures and
devices potentially provide better temperature control of the
tissue being treated. Because of the small difference between
the temperature required for denaturing malignant cells and
the temperature injurious to healthy cells, a known heating
pattern and predictable temperature control is important so
that heating is confined to the tissue to be treated. For
instance, hyperthermia treatment at the threshold temperature
ofabout41.5° C. generally has little effect on most malignant
growths of cells. However, at slightly elevated temperatures
above the approximate range of 43° C. to 45° C., thermal
damage to most types of normal cells is routinely observed;
accordingly, great care must be taken not to exceed these
temperatures in healthy tissue.

However, many types of malignancies are difficult to reach
and treat using non-invasive techniques or by using invasive
antenna probes designed to be inserted into a normal body
orifice, i.e., a body opening which is easily accessible. These
types of conventional probes may be more flexible and may
also avoid the need to separately sterilize the probe; however,
they are structurally weak and typically require the use of an
introducer or catheter to gain access to within the body. More-
over, the addition of introducers and catheters necessarily
increase the diameter of the incision or access opening into
the body thereby making the use of such probes more invasive
and further increasing the probability of any complications
that may arise.

Structurally stronger invasive probes exist and are typically
long, narrow, needle-like antenna probes which may be
inserted directly into the body tissue to directly access a site of
a tumor or other malignancy. Such rigid probes generally
have small diameters which aid not only in ease of use but also
reduce the resulting trauma to the patient. A convenience of
rigid antenna probes capable of direct insertion into tissue is
that the probes may also allow for alternate additional uses
given different situations. However, such rigid, needle-like
probes commonly experience difficulties in failing to provide
uniform patterns of radiated energy; they fail to provide uni-
form heating axially along and radially around an effective
length of the probe; and it is difficult to otherwise control and
direct the heating pattern when using such probes.

Accordingly, there remains a need for a microwave antenna
probe which overcomes the problems discussed above. There
also exists a need for a microwave antenna probe which is
structurally robust enough for direct insertion into tissue
without the need for additional introducers or catheters and
which produces a controllable and predictable heating pat-
tern.

SUMMARY OF THE INVENTION

A microwave antenna assembly which is structurally
robust enough for unaided direct insertion into tissue is
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described herein. The microwave antenna assembly is gener-
ally comprised of a radiating portion which may be connected
to a feedline (or shaft) which in turn may be connected by a
cable to a power generating source such as a generator. The
microwave assembly may be a monopole microwave antenna
assembly but is preferably a dipole assembly. The distal por-
tion of the radiating portion preferably has a tapered end
which terminates at a tip to allow for the direct insertion into
tissue with minimal resistance. The proximal portion is
located proximally of the distal portion, and a junction mem-
ber is preferably located between both portions.

The adequate rigidity necessary for unaided direct inser-
tion of the antenna assembly into tissue, e.g., percutaneously,
preferably comes in part by a variety of different methods.
Some of the methods include assembling the antenna under a
pre-stressed condition prior to insertion into tissue. This may
be accomplished in part by forcing an inner conductor, which
runs longitudinally through the assembly, into a tensile con-
dition by preferably affixing the inner conductor distal end to
the distal radiating portion of the antenna assembly. Another
method includes configuring the proximal and distal radiating
portions of the antenna to mechanically fasten to each other.
That is, the proximal and distal radiating portions may be
configured to “screw” into one another directly or to a junc-
tion member located between the two portions and which is
threaded such that the portions each screw onto the junction
member separately.

Another method includes attaching the proximal and distal
radiating portions together by creating overlapping or inter-
fitting joints. In this variation, either the proximal or the distal
radiating portion may be configured to create an overlapping
joint by interfitting with each other through a variety of joints.
For instance, the distal portion may be configured to inti-
mately fit within a receiving cavity or channel at the distal end
of the proximal portion. The two portions may also be con-
figured to have a number of pins or conical members extend-
ing to join the two. Alternatively, the two portions may be
frictionally interfitted by an interference fitted joint; or
depressible/retractable projections may be disposed on either
portion to interfit with corresponding depressions in the
opposite portion.

To further aid in strengthening the antenna assemblies, a
variety of methods may also be used for attaching the tip or
distal portion. For instance, a variation may have a distal
portion which may screw onto a threaded inner conductor or
another variation may have an inner conductor having an
anchoring element capable of holding the inner conductor
within a splittable distal portion. Furthermore, a multi-sec-
tioned distal portion may also be utilized for first attaching an
inner conductor to the distal portion and then assembling the
distal portion with additional variable sections. In many of the
variations described herein, it may be preferable to have a
dielectric material applied as a layer or coating between the
two radiating portions.

Affixing the inner conductor within the distal radiating
portion may be accomplished in a variety of ways, for
instance, welding, brazing, soldering, or through the use of
adhesives. Forcing the inner conductor into a tensile condi-
tion helps to force the outer diameter of the antenna into a
compressive state. This bi-directional stress state in turn aids
in rigidizing the antenna assembly.

To enable a compressive state to exist near the outer diam-
eter, the junction member between the distal and the proximal
radiating portions in some of the variations is preferably made
from a sufficiently hard dielectric material, e.g., ceramic
materials. The hardness of the junction member aids in trans-
ferring the compressive forces through the antenna assembly
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without buckling or kinking during antenna insertion into
tissue. Furthermore, materials such as ceramic generally have
mechanical properties where fracturing or cracking in the
material is more likely to occur under tensile loading condi-
tions. Accordingly, placing a junction under pre-stressed con-
ditions, particularly a junction made of ceramic, may aid in
preventing mechanical failure of the junction if the antenna
were to incur bending moments during insertion into tissue
which could subject portions of the junction under tensile
loads. The junction member may also be made into uniform or
non-uniform, e.g., stepped, shapes to accommodate varying
antenna assembly designs.

Moreover, to improve the energy focus of an antenna
assembly, an electrical choke may also be used in any of the
variations described herein to contain returning currents to
the distal end of the antenna assembly. Generally, the choke
may be disposed on top of a dielectric material on the antenna
proximally of the radiating section. The choke is preferably
comprised of a conductive layer and may be further covered
by atubing or coating to force the conductive layer to conform
to the underlying antenna.

Additionally, variations on the choke, the tubing or coat-
ing, any sealant layers, as well as other layers which may be
disposed over the antenna assembly may be used. Certain
layers, e.g., a heatshrink layer disposed over the antenna
assembly, may have wires or strands integrated within the
layer to further strengthen the antenna assembly. Kevlar
wires, for instances, may be integrally formed into the layer
and oriented longitudinally with the antenna axis to provide
additional strength.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a representative diagram of a variation of a
microwave antenna assembly.

FIGS. 2A and 2B show an end view and a cross-sectional
view, respectively, of a conventional dipole microwave
antenna assembly.

FIG. 3 shows an exploded cross-sectional view of a varia-
tion on a pre-stressed antenna assembly.

FIG. 4 shows the assembled pre-stressed antenna assembly
of FIG. 3 and the directions of stress loads created within the
assembly.

FIG. 5 shows another variation of pre-stressed antenna
assembly having a sharpened distal tip.

FIG. 6 shows an exploded cross-sectional view of another
variation on pre-stressed antenna assembly having a non-
uniform junction member.

FIG. 7 shows an exploded cross-sectional view of yet
another variation on pre-stressed antenna assembly having an
access channel defined along the side of the antenna.

FIG. 8 shows a pre-stressed monopole variation of a micro-
wave antenna assembly.

FIG. 9A shows a side view of another variation on a pre-
stressed antenna assembly having an electrical choke.

FIG. 9B shows a cross-sectional view of the assembly of
FIG. 9A.

FIG. 10 shows a detailed view of a variation on the radiat-
ing portion of FIG. 9B.

FIG. 11 shows a detailed view of a variation on the transi-
tion from the radiating portion to the electrical choke of FI1G.
9B.

FIG. 12 shows a detailed view of a variation on the different
layers within the electrical choke of FIG. 9B.

FIG. 13 shows a detailed view of a variation on the feedline
of FIG. 9B.
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FIG. 14 shows an isometric view of a sectioned antenna
assembly having a layer, such as a heatshrink layer, formed
with wires or strands longitudinally orientated within the
layer.

FIG. 15 shows an exploded cross-sectional side view of a
variation of the microwave antenna assembly having a
mechanically threaded interface.

FIG. 16 shows an exploded cross-sectional side view of
another variation of the antenna assembly also having a
mechanically threaded interface.

FIG. 17 shows a cross-sectional side view of a crimped or
overlapping variation of the antenna assembly.

FIG. 18 shows a cross-sectional side view of an antenna
assembly where the proximal portion may be configured to
receive and hold the distal portion in an overlapping joint.

FIG. 19 shows an exploded cross-sectional side view of a
variation of the antenna assembly having an interfitting joint
with an overlapping junction member.

FIG. 20 shows a cross-sectional side view of an antenna
assembly with two variations on the distal portion joint for
interfitting with the proximal portion.

FIGS. 21A and 21B show the corresponding end views of
the proximal portion from FIG. 20 with two variations for
interfitting with the distal portions.

FIG. 22 shows an exploded cross-sectional side view of
another variation where the antenna may be assembled using
overlapping interference-fitted joints.

FIG. 23 shows another variation in an exploded cross-
sectional side view of an antenna assembled via a junction
member and multiple pins.

FIG. 24 shows an exploded cross-sectional side view of
another variation in which the distal portion may have a
plurality of projections which interfit with corresponding
depressions within the proximal portion.

FIG. 25 shows another variation in which the projections
and their corresponding interfitting depressions may have
corresponding access channels defined in the proximal por-
tion through which the distal portion may be welded, sol-
dered, brazed, or adhesively affixed to the proximal portion.

FIG. 26 shows a side view of a variation on attaching the
distal portion to the inner conductor by a screw-on method.

FIG. 27 shows an isometric exploded view of another
variation on attaching the distal portion by anchoring the
inner conductor within a splittable distal portion.

FIG. 28 shows an exploded side view of a multi-sectioned
distal portion variation.

FIG. 29 shows a cross-sectioned side view of an alternative
distal portion having an arcuate or curved sloping face to
facilitate antenna assembly as well as entry into tissue.

FIG. 30 shows an assembled cross-sectional side view ofa
representative antenna assembly having a constant diameter
over the proximal and distal portions.

FIG. 31 shows the antenna of FIG. 30 but with the distal
portion having a diameter larger than the diameter of the
proximal portion.

FIG. 32 shows the antenna of FIG. 30 but with the distal
portion having a diameter smaller than the diameter of the
proximal portion.

DETAILED DESCRIPTION OF THE INVENTION

In invasively treating diseased areas of tissue in a patient,
trauma may be caused to the patient resulting in pain and
other complications. Various microwave antenna assemblies,
as described herein, are less traumatic than devices currently
available and as described in further detail below, methods of
manufacturing such devices are also described. Generally, an
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apparatus of the present invention allows for the direct inser-
tion of a microwave antenna into tissue for the purposes of
diagnosis and treatment of disease. FIG. 1 shows a represen-
tative diagram of a variation of a microwave antenna assem-
bly 10 of the present invention. The antenna assembly 10 is
generally comprised of radiating portion 12 which may be
connected by feedline 14 (or shaft) via cable 15 to connector
16, which may further connect the assembly 10 to a power
generating source 28, e.g., a generator. Assembly 10, as
shown, is a dipole microwave antenna assembly, but other
antenna assemblies, e.g., monopole or leaky wave antenna
assemblies, may also utilize the principles set forth herein.
Distal portion 20 of radiating portion 12 preferably has a
tapered end 24 which terminates at a tip 26 to allow for
insertion into tissue with minimal resistance. In those cases
where the radiating portion 12 is inserted into a pre-existing
opening, tip 26 may be rounded or flat.

In some applications a microwave antenna requires
adequate structural strength to prevent bending of the
antenna, e.g., where the antenna is directly inserted into tis-
sue, where the antenna undergoes bending moments after
insertion, etc. Accordingly, there are various configurations to
increase the antenna strength without compromising desir-
able radiative properties and the manufacturability of such an
antenna. One configuration involves placing the antenna
assembly under a compressive load to stiffen the radiating
portions. Another configuration involves mechanically fas-
tening, e.g., in a screw-like manner, the radiating portions
together to provide a joint which will withstand bending
moments. A further configuration may also involve creating
overlapping joints between the radiating portions of the
antenna assembly to provide a high-strength antenna. Fur-
thermore, alternate configurations of attaching a distal tip or
distal radiating portion to an antenna may be utilized to fur-
ther increase the antenna strength.

Antenna Assembly Via Compression

Generally, the antenna assembly 10 in FIG. 1 shows a
variation where a compressive load may be used to increase
antenna strength. Proximal portion 22 is located proximally
of distal portion 20, and junction member 18 is preferably
located between both portions such that a compressive force
is applied by distal and proximal portions 20, 22 upon junc-
tion member 18. Placing distal and proximal portions 20, 22
in a pre-stressed condition prior to insertion into tissue
enables assembly 10 to maintain a stiffness that is sufficient to
allow for unaided insertion into the tissue while maintaining
a minimal antenna diameter, as described in detail below.

Feedline 14 may electrically connect antenna assembly 10
via cable 15 to generator 28 and usually comprises a coaxial
cable made of a conductive metal which may be semi-rigid or
flexible. Feedline 14 may also have a variable length from a
proximal end of radiating portion 12 to a distal end of cable 15
ranging between about 1 to 10 inches. Most feedlines may be
constructed of copper, gold, or other conductive metals with
similar conductivity values, but feedline 14 is preferably
made of stainless steel. The metals may also be plated with
other materials, e.g., other conductive materials, to improve
their properties, e.g., to improve conductivity or decrease
energy loss, etc. A feedline 14, such as one made of stainless
steel, preferably has an impedance of about 50 Q and to
improve its conductivity, the stainless steel may be coated
with a layer of a conductive material such as copper or gold.
Although stainless steel may not offer the same conductivity
as other metals, it does offer strength required to puncture
tissue and/or skin.

FIGS. 2A and 2B show an end view and a cross-sectional
view, respectively, of a conventional dipole microwave
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antenna assembly 30. As seen, antenna assembly 30 has a
proximal end 32 which may be connected to a feedline 14, as
further discussed herein, and terminates at distal end 34. The
radiating portion of antenna 30 comprises proximal radiating
portion 36 and distal radiating portion 38. Proximal radiating
portion 36 may typically have an outer conductor 42 and an
inner conductor 44, each of which extends along a longitudi-
nal axis. Between the outer and inner conductors 42, 44 is
typically a dielectric material 46 which is also disposed lon-
gitudinally between the conductors 42, 44 to electrically
separate them. A dielectric material may constitute any num-
ber of appropriate materials, including air. Distal portion 48 is
also made from a conductive material, as discussed below.
Proximal and distal radiating portions 36, 38 align at junction
40, which is typically made of a dielectric material, e.g.,
adhesives, and are also supported by inner conductor 44
which runs through junction opening 50 and at least partially
through distal portion 48. However, as discussed above, the
construction of conventional antenna assembly 30 is structur-
ally weak at junction 40.

In operation, microwave energy having a wavelength, A, is
transmitted through antenna assembly 30 along both proxi-
mal and distal radiating portions 36, 38. This energy is then
radiated into the surrounding medium, e.g., tissue. The length
of'the antenna for efficient radiation may be dependent at least
on the effective wavelength, &, which is dependent upon the
dielectric properties of the medium being radiated into.
Energy from the antenna assembly 30 radiates and the sur-
rounding medium is subsequently heated. An antenna assem-
bly 30 through which microwave energy is transmitted at a
wavelength, A, may have differing effective wavelengths, A
depending upon the surrounding medium, e.g., liver tissue, as
opposed to, e.g., breast tissue. Also affecting the effective
wavelength, A are coatings which may be disposed over
antenna assembly 30, as discussed further below.

FIG. 3 shows an exploded cross-sectional view of a varia-
tion on pre-stressed antenna assembly 60 made at least in part
according to the present invention. In making antenna assem-
bly 60, junction member 62 may be placed about inner con-
ductor 44 through junction opening 64. Distal portion 48 may
be placed over inner conductor 44 and then compressed such
that junction member 62 is placed under a compressive load
generated between proximal radiating portion 36 and distal
radiating portion 38 to create pre-stressed antenna assembly
70, as shown in FIG. 4. Antenna assembly 70 may have an
overall length of about 1.42 inches and an outer diameter of
about 0.091 inches. The pre-stressed loading condition on
antenna assembly 70 preferably exists when assembly 70 is
under a state of zero external stress, that is, when assembly 70
is not acted upon by any external forces, e.g., contact with
tissue, external bending moments, etc.

The compression load is preferably first created by feeding
distal portion 48 over inner conductor 44 until junction mem-
ber 62 is under compression, then inner conductor 44 is
preferably affixed to distal portion 48 to maintain the com-
pression load on junction member 62. Some clearance may be
necessary between junction member 62 and inner conductor
44 to avoid any interference resistance between the two. Inner
conductor 44 may be affixed to distal portion 48 along inter-
face 72 by a variety of methods, such as welding, brazing,
soldering, or by use of adhesives. The compression loading
occurs such that while inner conductor 44 is placed under
tension along direction 76, distal portion 48 places the outer
portions of junction member 62 under compression along
directions 74. Inner conductor 44 may be heated prior to
affixing it to distal portion 48 by any number of methods
because heating inner conductor 44 may expand the conduc-
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tor in a longitudinal direction (depending upon the coefficient
of thermal expansion of the inner conductor 44).

For example, heating inner conductor 44 may be accom-
plished during the welding or soldering procedure. Upon
cooling, inner conductor 44 may contract accordingly and
impart a tensile force upon the conductor 44 while simulta-
neously pulling junction member 62 into compression. To
allow the compression loading to transfer efficiently through
assembly 70, junction member 62 is preferably made of a
dielectric material which has a sufficiently high compressive
strength and high elastic modulus, i.e., resistant to elastic or
plastic deformation under a compression load. Therefore,
junction member 62 is preferably made from materials such
as ceramics, e.g., Al,O,, Boron Nitride, stabilized Zirconia,
etc. Alternatively, a junction member 62 made of a metal and
sufficiently coated with a dielectric or polymer may be used,
provided the dielectric coating is sufficiently thick to provide
adequate insulation. To prevent energy from conducting
directly into the tissue during use, a dielectric layer having a
thickness between about 0.0001 to 0.003 inches, may be
coated directly over antenna assembly 70. The dielectric coat-
ing may increase the radiated energy and is preferably made
from a ceramic material, such as Al,O;, TiO,, etc., and may
also be optionally further coated with a lubricious material
such as Teflon, polytetrafluoroethylene (PTFE), or fluori-
nated ethylene propylene (FEP), etc. In addition to the dielec-
tric coating, a sealant layer may also be coated either directly
over the antenna assembly 70, or preferably over the dielec-
tric layer to provide a lubricious surface for facilitating inser-
tion into a patient as well as to prevent tissue from sticking to
the antenna assembly 70. The sealant layer may be any variety
of polymer, but is preferably a thermoplastic polymer and
may have a thickness varying from a few angstroms to as thick
as necessary for the application at hand. Varying these coating
thicknesses over antenna assembly 70 may vary the effective
wavelengths, A, of the radiation being transmitted by the
antenna. Thus, one may vary the coating thicknesses over the
assembly 70 to achieve a predetermined effective wavelength
depending upon the desired results.

FIG. 5 shows another variation of pre-stressed antenna
assembly 80. This variation also has proximal radiating por-
tion 82 attached to distal radiating portion 84 with junction
member 86 therebetween under a compression load, as
described above. Proximal radiating portion 82 may have
outer conductor 88 and inner conductor 92 extending longi-
tudinally with dielectric material 90 disposed in-between
conductors 88, 92. However, this variation shows distal end
94 having distal radiating portion 84 with tapered end 96
terminating at tip 98, which is preferably sharpened to allow
for easy insertion into tissue. A preferable method of optimiz-
ing the amount of radiated energy from assembly 80 may
include adjusting the length of proximal radiating portion 82
to correspond to a length of A/4 of the radiation being trans-
mitted through assembly 80, and likewise adjusting a cumu-
lative (or overall) length of distal radiating portion 84 and
junction 86 to also correspond to a length of A/4. Adjusting the
lengths of proximal and distal radiating portions 82, 84 to
correspond to the wavelength of the transmitted microwaves
may be done to optimize the amount of radiated energy and
accordingly, the amount of the medium or tissue which is
subsequently heated. The actual lengths of proximal and dis-
tal radiating portions 82, 84 may, of course, vary and is not
constrained to meet a A/4 length. When antenna assembly 80
is radiating energy, the ablation field is variable 3-dimension-
ally and may be roughly spherical or ellipsoid and centers on
junction 86 and extends to the ends of the proximal and distal
radiating portions 82, 84, respectively.
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The location of tip 98 may be proportional to a distance of
A4 of the radiation being transmitted through assembly 80,
but because tip 98 terminates at tapered end 96, the angled
surface of taper 96 may be taken into account. Thus, the total
distance along the outer surfaces of assembly 80 from B to C
plus the distance from C to D may accord to the distance of
A4. The length of proximal radiating portion 82, i.e., the
distance along the outer surface of assembly 80 from A to B,
may also accord to the distance of A/4, as above. Although it
is preferable to have the length of the radiating portion of the
antenna accord with a distance of the wavelength, A, it is not
necessary for operation of the device, as described above.
That is, an antenna assembly having a radiating portion with
a length in accordance with a first wavelength may generally
still be used for transmitting radiation having a second wave-
length, or third wavelength, or so on, although with a possible
reduction in efficiency.

FIG. 6 shows an exploded cross-sectional view of another
variation on pre-stressed antenna assembly 100. Assembly
100 shows a variation of junction member 102 which has a
radial thickness which is non-uniform about a longitudinal
axis as defined by junction member 102. The proximal por-
tion is comprised of outer conductor 110, inner conductor
112, dielectric material 114, as above. However, junction 102
is shown in this variation as a stepped member having at least
two different radiuses. In other variations, the junction may
be curved or have multiple steps. Central radius 104 of junc-
tion member 102 is shown as having a diameter similar to that
of'outer conductor 110 and distal portion 120. Stepped radius
106, which is preferably smaller than central radius 104, may
be symmetrically disposed both proximally and distally of
central radius 104. To accommodate stepped junction mem-
ber 102 during the assembly of antenna 100, receiving cavity
116 may be made in dielectric material 114 and receiving
cavity 118 may be made in distal portion 120 to allow for the
interfitting of the respective parts. Such a stepped design may
allow for the compression load to be concentrated longitudi-
nally upon the central radius 104 of junction member 102 to
allow for the efficient transfer of the load along the proximal
portion.

In addition to stepped junction member 102, FIG. 6 also
shows channel 122 extending longitudinally from distal tip
124 to receiving cavity 118. Once inner conductor 112 may be
placed through junction opening 108 and into distal portion
120, either partially or entirely therethrough, channel 122
may allow for access to inner conductor 112 for the purpose
of affixing it to distal portion 120. Affixing inner conductor
112 may be done to place it under tension by any of the
methods as described above, such as welding or soldering.

However, having channel 122 extend from the distal tip
124 to inner conductor 112 may limit the sharpness of'tip 124.
Accordingly, variation 130 in FIG. 7 shows an alternate distal
end 132 which defines channel 138 for receiving inner con-
ductor 92 but which also defines access channel 140 extend-
ing from a side surface of distal end 132 to channel 138.
Access channel 140 allows for access to inner conductor 92 to
affix it to distal end 132 while allowing for tapered end 134 to
terminate at sharpened tip 136. Although a single channel is
shown in this variation, multiple channels may be incorpo-
rated into the design at various locations.

While most of the variations described above are related to
dipole antenna assemblies, FIG. 8 shows monopole antenna
assembly 150 made at least in part according to the present
invention. As shown, there may be a single radiating portion
152 which preferably has a length corresponding to a length
of A/2, rather than A/4, of the radiation being transmitted
through assembly 150. As above, monopole assembly 150
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may apply a compressive load upon junction member 154
between radiating portion 152 and proximal end 156. The
principles of having an antenna length correspond to a length
of A/2 or M4, as well as having tapered distal ends or tips on
the distal portion, may be utilized not only with antennas
assembled using compression methods, but these principles
may be used with any of the variations described herein.

To improve the energy focus of an antenna assembly, an
electrical choke may also be used to contain returning cur-
rents to the distal end of the antenna. Generally, the choke
may be disposed on the antenna proximally of the radiating
section. The choke is preferably placed over a dielectric mate-
rial which may be disposed over the antenna. The choke is
preferably a conductive layer and may be further covered by
atubing or coating to force the conductive layer to conform to
the underlying antenna, thereby forcing an electrical connec-
tion (or short) more distally and closer to the radiating sec-
tion. The electrical connection between the choke and the
underlying antenna may also be achieved by other connection
methods such as soldering, welding, brazing, crimping, use of
conductive adhesives, etc. The following description is
directed towards the use of a choke on a compression antenna
variation for illustration purposes only; however, the choke
may also be used with any of the antenna variations described
below.

FIG. 9A shows a side view of a variation on pre-stressed
antenna assembly 160 with an electrical choke and FIG. 9B
shows cross-sectioned side view 9B-9B from FIG. 9A. Simi-
lar to the antenna assemblies above, assembly 160 shows
radiating portion 162 electrically attached via feedline (or
shaft) 164 to a proximally located coupler 166. Detail 174 of
radiating portion 162 and detail 180 of feedline 164 are
described in further detail below. Radiating portion 162 is
shown with sealant layer 168 coated over section 162. Elec-
trical choke 172 is shown partially disposed over a distal
section of feedline 164 to form electrical choke portion 170,
which is preferably located proximally of radiating portion
162. Details 176, 178 of choke portion 170 are described in
further detail below.

FIG. 10 shows detailed view 174 from FIG. 9B of a varia-
tion on a pre-stressed antenna section. As seen, distal radiat-
ing portion 190 and proximal radiating portion 192 are
located in their respective positions about junction member
194, which in this variation is shown as a stepped member.
Proximal radiating portion 192 is further shown having outer
conductor 196 preferably disposed concentrically about inner
conductor 198 with dielectric 200 placed inbetween outer and
inner conductors 196, 198 for insulation. Inner conductor 198
may be fed through junction member 194 and into distal
radiating portion 190 to be affixed by weld or solder 202 to
distal radiating portion 190 via access channel 204, which is
shown to extend from a distal end of inner conductor 198 to an
outer surface of portion 190. As described above, inner con-
ductor 198 may be heated to longitudinally expand it prior to
affixing it to distal portion 190. As inner conductor 198 cools,
atensile force is imparted in inner conductor 198 which draws
the distal and proximal portions 190, 192 together longitudi-
nally. In turn, this imparts a compressive force upon the radial
portions of junction member 194, preferably at the junction-
to-distal portion interface 206. Optionally, dielectric layer
208, which may be a ceramic material such as Al,O,, may be
coated over the radiating antenna portion. Moreover, a lubri-
cious layer such as Teflon, may also be coated over the
antenna portion as well along with dielectric layer 208. A
further sealant layer 210 may optionally be coated over
dielectric layer 208 as well. Sealant layer 210 may be made
from a variety of thermoplastic polymers, e.g., heat shrink
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polymers, such as polyethylene (PE), polyethylene terephtha-
late (PET), polytetrafluoroethylene (PTFE), fluorinated eth-
ylene propylene (FEP), perfluoroalkoxy (PFA), chlorotrifluo-
roethylene  (CTFE), ethylene chlortrifluoroethylene
(ECTFE), and ethylene tetrafluoroethylene (ETFE). The
description is directed towards the use of dielectric and seal-
ant layers on a compression antenna variation for illustration
purposes only; however, the uses of dielectric and sealant
layers may also be used with any of the antenna variations
described below.

FIG. 11 shows detailed view 176 from FIG. 9B of a varia-
tion on the transition to electrical choke portion 170. Electri-
cal choke 172 may be disposed proximally of sealant layer
210 or proximal radiating portion 192. Although shown with
a gap between choke 172 and sealant layer 210 in this varia-
tion, the two may touch or overlap slightly. FIG. 12 shows a
more detailed view 178 of the various layers which may
comprise electrical choke 172. In this variation, a first inner
dielectric layer 220 may be disposed over the antenna assem-
bly. The first inner dielectric layer 220 may be made from any
of the various thermoplastic polymers, ceramics, or other
coatings, as described above. A second inner dielectric layer
222 may optionally be disposed over first inner dielectric
layer 220 and may be made from the same or similar material
as first inner dielectric layer 220. Conductive layer 224 may
then be disposed over the dielectric layers. Conductive layer
224 is preferably a conductive coating, a conductive foil
material, e.g., copper foil, or a metal tubing and electrically
contacts outer conductor 196 at some location along choke
172 proximally of radiating portion 162.

Variation 160 illustrates electrical contact between con-
ductive layer 224 and outer conductor 196 in detail 178 occur-
ring at the proximal location of electrical choke portion 170,
but choke 172 may be formed without forcing contact
between outer conductor 196 with layer 224 provided the
length of choke 172 is chosen appropriately. For instance,
choke 172 having a sufficiently long length, e.g., a length of
A2, may be used without having to force contact between the
layers. Outer dielectric layer 226 may be disposed upon con-
ductive layer 224. Outer dielectric layer 226 may also be
made of any of the various polymers as described above and
is preferably a heat shrinkable layer that may force conduc-
tive layer 224 to conform more closely to the underlying
layers to not only force a better electrical connection, but also
to reduce the overall diameter of the antenna section. FIG. 13
shows detailed view 180 from FIG. 9B of a variation on the
feedline. As shown, feedline 164 may be a simple coaxial
cable where outer conductor 196, inner conductor 198, and
dielectric 200 extend throughout the feedline. Outer dielectric
layer 226 may also extend down over feedline 164 and even
over the entire antenna assembly.

Further steps may optionally be taken to further increase
the strength of an antenna assembly by altering any of the
layers, such as sealant layer 210 or any of the other heatshrink
layers discussed above. FIG. 14 shows one example of
antenna section 230 where wires or strands 236 may be
formed within or on the layers 232 to add strength. The wires
236 may be formed within the layer 232 and are preferably
orientated longitudinally along the length of antenna section
230 such that the bending strength of the antenna is increased.
The layers 232 may be formed over outer conductor 234, as
described above, and wire 236 may be made of any high-
strength material, e.g., Kevlar, metals, etc. Metal wires may
be used provided they are well insulated by layers 232.
Antenna Assembly Via Mechanical Fastening

Aside from using a compressive load to increase antenna
strength, as described above, alternative methods may be
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employed for increasing antenna strength to withstand direct
insertion into tissue. An alternative variation may include
assembling an antenna using mechanical fastening methods.
FIG. 15, for example, shows a cross-sectioned variation of a
mechanically threaded interface or “screw-on” variation 240
as an exploded assembly. As seen, proximal portion 242 may
be connected to distal portion 244 by using a junction member
246 having first and second junction mating sections 252,
254, respectively.

Junction member 246 is preferably comprised of any of the
dielectric materials as described above. Alternatively, a
dielectric coating or layer may also be applied to the inside of
channels 248, 260 which contacts junction member 246. First
and second mating sections 252, 254 may be threaded 256,
258, respectively, such that the thread pitch on each section
252, 254 is opposed to each other, i.e., the pitch angle of
threading 256 may be opposite to the pitch angle of threading
258. Alternatively, the thread pitch on each section 252, 254
may be configured to be angled similarly for ease of antenna
assembly. Proximal portion 242 may have a receiving cavity
or channel 248 which is threaded 250 at a predetermined pitch
to correspond to the pitch and angle of the threading 256 on
first mating section 252. Likewise, distal portion 244 may
have a receiving cavity or channel 260 which is threaded 262
at a predetermined pitch to correspond to the pitch and angle
of the threading 258 on second mating section 254. Having
opposed pitch angles may be done to ensure a secure fit or
joint when variation 240 is assembled by screwing proximal
portion 242 and distal portion 244 together onto junction
member 246.

A further screw-on variation 270 is shown in F1IG. 16. Here,
proximal portion 272 may have a proximal mating section
274 which is threaded 276 at a predetermined pitch and angle
to correspondingly screw into distal portion 282 via threaded
receiving channel 278. Channel 278 preferably has threading
280 which matches threading 276 on mating section 274 to
ensure a tight fit and a secure joint. Although variation 270
shows a mating section 274 on proximal portion 272 and
receiving channel 278 in distal portion 282, a mating section
may instead be located on distal portion 282 for insertion into
a corresponding receiving channel located in proximal por-
tion 272. Preferably, a dielectric coating or layer 284 is
applied either to the inside of channel 278 or on the outer
surface of mating section 274 as shown (or upon both) to
prevent contact between proximal and distal portions 272,
282, respectively.

Antenna Assembly Via Overlap

Another variation on assembling an antenna is by use of
overlapping or interfitting joints to attach proximal and distal
portions together. FIG. 17 shows a crimped or overlapping
variation 290. Proximal portion 292 is preferably attached to
distal tip or portion 294 by inner conductor 302 and by having
a distal end section of the proximal portion 292 crimped and
portion 294 maintained in position via a molded material 300,
which is also preferably dielectric such as a biocompatible
thermoset plastic or polymer (including any of the dielectric
materials discussed herein). The distal end section, i.e.,
crimped dielectric 296 and crimped outer conductor 298, is
preferably crimped or tapered in a reduced diameter towards
the distal end while a portion of dielectric 296 near crimped
outer conductor 298 may be partially removed to allow for
material 300 to be formed within, as shown in the figure.
While the inner conductor 302 is held between proximal and
distal portions 292, 294, respectively, the moldable material
300 may be injection molded within a die or preform holding
the assembly to form a unitary structure with both portions
292, 294. Material 300 may also be shaped into various forms
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depending upon the desired application, such as a tapering
distal end, as shown in the FIG. 17.

FIG. 18 shows another variation 310 where proximal por-
tion 312 is preferably configured to receive and hold distal
portion 314. Proximal portion 312 may have a distal section
of dielectric material 316 removed partially to create a receiv-
ing channel 318 within portion 312. Distal portion 314 may
be snugly placed within this channel 318 such that portion
314 is partially within and partially out of dielectric material
316, as shown. A layer 320 of the dielectric material 316 may
be left between outer conductor 322 and distal portion 314 to
form an insulative barrier between the two. Alternatively,
dielectric layer 320 may be formed of a different material than
dielectric 316. To further aid in antenna 310 insertion into
tissue, the distal end of distal portion 314, as well as the distal
end of outer conductor 322, may be tapered to facilitate inser-
tion. The overlapping segment between proximal and distal
portions 312, 314, respectively, may be varied depending
upon the desired bending resistance and desired strength of
antenna 310.

FIG. 19 shows a further variation 330 of an overlapping
joint for assembling the antenna. Proximal portion 332 pret-
erably has a mating channel 340 in the distal end of the
portion 332 for receiving mating section 338 of distal portion
334. This variation 330 preferably has an overlapping junc-
tion member 336 which may be slipped over mating section
338 prior to insertion into channel 340. Overlapping junction
member 336 is preferably a dielectric material and fits snugly
between proximal portion 332 and mating section 338 to form
an overlapping joint when the inner conductor is attached to
distal portion 334, as described above.

FIG. 20 shows an antenna variation where different meth-
ods of overlapping attachments may be utilized. Distal por-
tion 350 is shown having a cylindrical interfitting member
358. The portion 350 may be inserted via member 358 into a
corresponding receiving channel 356 preferably defined in
the outer conductor of proximal portion 354. An end view of
proximal portion 354 in FIG. 21A shows channel 356 in this
variation for receiving a cylindrically shaped member 358.

Another variation is shown in distal portion 352 where
rather than having a conical interfitting member, separate pins
or dowels 360 may be used to extend into receiving channels
356' of proximal portion 354'. These pins 360 may be integral
with distal portion 352 or they may be separate members
inserted and held in distal portion 352; in either case, pins 360
are preferably made of a hard dielectric material or a metal
sufficiently coated with a dielectric material for insulation. As
seen in FIG. 21B, which is an end view of proximal portion
354', channels 356' are shown located every 90° about portion
354'. Although four pins are used in this variation, any num-
ber of pins may be used ranging from two to several depend-
ing upon the desired strength of the antenna assembly. To
support such a plurality of pins, it may be desirable to have
proximal portions 354, 354' with an outer conductor having a
thickness ranging from 0.005 to 0.010 inches.

FIG. 22 shows an antenna assembly with an overlapping
interference-fitted variation 370. As seen, proximal portion
372 may be attached to distal portion 374 by a junction
member 376 which is preferably interference-fitted, i.e., fric-
tionally-fitted, between both portions 372, 374. The junction
member 376 may have a first and a second section 382, 384,
respectively, which preferably has a diameter D,. Receiving
channel 378 in proximal portion 372 preferably has a diam-
eter D, and receiving channel 380 in distal portion 374 also
has a diameter D, or some diameter less than D,. Accordingly,
diameter D, is some value less than D, such that an interfer-
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ence fit is created between junction 376 and portions 372 and
374. Accordingly, distal portion 374 is frictionally held to
proximal portion 372.

FIG. 23 shows another interfitting variation 390 utilizing a
junction member 396 which is preferably held between proxi-
mal portion 392 and distal portion 394 by multiple pins 398,
402 which may be received in channels 400, 404, respec-
tively. Accordingly, as discussed above, any number of pins
398 extending from proximal portion 392 may be inserted
into corresponding channels 400, and any number of pins 402
extending from distal portion 394 may likewise be inserted
into corresponding channels 404.

FIG. 24 shows an overlapping and interfitting variation 410
where proximal portion 412 has receiving channel 416 for
receiving distal portion 414. Within channel 416, there may
be a plurality of depressions 418 defined in the surface of the
outer conductor. These depressions 418 are preferably shaped
to have a locking configuration, such as a right triangle shape,
when projections 420, which are located radially on distal
portion 414, are inserted into and mated to depressions 418.
Projections 420 are preferably protrusions which extend from
a surface of distal portion 414 and are preferably radially
disposed on the outer surface. Also, any number of projec-
tions 420, e.g., at least two to several, may be utilized but are
preferably equally radially spaced from one another depend-
ing upon the desired strength of the overlapping joint. To
facilitate insertion of distal portion 414 into channel 416,
projections 420 may be disposed on the ends of a number of
corresponding support members 422 flexibly attached to dis-
tal portion 414. Support members 422 would allow projec-
tions 420 to be retracted at least partially into the outer surface
of distal portion 414 during insertion, and when distal portion
414 is fully inserted into channel 416, projections 420 may
then be allowed to expand into and intimately mate with the
depressions 418 such that distal portion 414 is held fixed
relative to proximal portion 412. A dielectric material may be
coated or sprayed within channel 416 or on distal portion 414
to insulate between the two portions 412, 414.

FIG. 25 shows a further variation 430 of that shown in FIG.
24. Proximal portion 432 may be attached to distal portion
434 by an overlapping joint where mating section 438 on
distal portion 434 may be inserted into receiving channel 436.
Once inserted, distal portion 434 may be held to proximal
portion 432 by projections 442 intimately mating within cor-
responding depressions 444. Distal portion 434 may be made
entirely of a dielectric material; alternatively, mating section
438 may be made at least partly of a dielectric while the
remainder of distal portion 434 may be metallic. To further
ensure a strong joint, depressions 444 may have a number of
access channels 440 preferably extending radially from
depressions 444 defined in the surface of channel 436 to an
outer surface of proximal portion 432. Access channels 440
may be used to provide access to projections 442 (once mated
within depressions 444) for further fixation to proximal por-
tion 432 by welding, soldering, brazing, or by applying adhe-
sives.

Alternate Methods of Tip or Distal Portion Attachment

Aside from various methods of assembling microwave
antennas, there are also a variety of methods for attaching the
tip or distal radiating portion to a remainder of the assembly.
The various methods described below may be used in any of
the assembly variations discussed herein depending upon the
desired antenna assembly characteristics.

FIG. 26 shows a partial assembly of a microwave antenna
having a distal portion 454 which may be screwed onto the
proximal portion 452 via the inner conductor 456. The distal
end portion of inner conductor 456 is preferably threaded 458
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on an outer surface. Correspondingly, the receiving channel
460 within distal portion 454 is likewise threaded to receive
the threaded portion 458 of inner conductor 456. During
assembly, distal portion 454 may be screwed onto proximal
portion 452 by inner conductor 458. Accordingly, the force
with which the proximal and distal portions 452, 454 are held
together may be varied by the amount and degree distal por-
tion 454 is screwed or advanced onto inner conductor 456,
thereby allowing the rigidity or strength of the antenna to be
varied according to a desired use or application. In this varia-
tion, distal portion 454 may be made of a non-metallic mate-
rial, e.g., a polymer, and attached directly to proximal portion
452; alternatively, distal portion 454 may also be made of a
metallic material and used in conjunction with a dielectric
junction member, as described above.

FIG. 27 shows another variation for assembling a distal
portion in an isometric exploded view of splittable distal
portion 470. The distal portion 470 may be comprised of a
splittable distal portion having a first half 472 and a second
half 474. Although shown split into two halves 472, 474,
distal portion 470 may be split into numerous portions, e.g.,
three or more. Within the adjoining surfaces, anchoring chan-
nel 476 may be defined to receive inner conductor 480 and
may have a portion of channel 476 configured or enlarged to
receive an anchoring element 482 for holding the inner con-
ductor 480 distal end within distal portion 470. Inner conduc-
tor 480 preferably has an anchoring element 482 formed on a
distal end of'inner conductor 480 by rounding or flattening the
distal end into anchoring element 482 or attaching a separate
anchoring mechanism onto the distal end. Once inner con-
ductor 480 and anchoring element 482 are positioned within
anchoring channel 476, both halves 472, 474 may be attached
together, thereby fixedly holding anchoring element 482
therewithin. When distal portion halves 472, 474 are attached
to one another, they may be aligned and positioned relative to
each other by a number of alignment projections 478 on one
orboth halves 472,474 and the halves may then be held to one
another by any number of methods, e.g., welding, brazing,
soldering, adhesives, snap-fits, etc.

Another variation for attaching the distal portion is shown
in FIG. 28, which is an exploded side view of multi-sectioned
portion 490. The distal portion may be comprised of multiple
sections which may be interfitted to form the distal portion.
Thus, while proximal portion 492 and junction member 494
(which may or may not be used in this variation) are
assembled as in some of the other variations, the distal portion
may have a first section 496 through which inner conductor
506 may be passed through via access channel 502. Once the
distal tip of inner conductor 506 is passed through junction
member 494 and access channel 502, it may then be attached
to first section 496 at the end of access channel 502 by any of
the attachment methods described above. First section 496
may then be assembled with second section 498 by interfit-
ting mating section 500 into receiving channel 504. The use of
a multi-sectioned portion such as that shown in portion 490
may enable one to first attach the proximal portion with the
distal portion and variably alter the tip of the distal portion
according to a desired application.

To further aid in tip or distal portion attachment to the
antenna assembly, various distal portions may be used to
facilitate assembly and use in a patient. As previously
described, the distal tip is preferably tapered and terminates at
a tip to facilitate antenna insertion into tissue with minimal
resistance. Also, attaching the inner conductor to the distal
portion may be facilitated by an access channel defined in the
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distal portion so that the inner conductor may be attached by
welding, soldering, etc. within the distal portion. To further
facilitate this assembly process, the distal tip may be formed
into an arcuate or curved face terminating into a tip, as seen in
FIG.29. As shown in the cross-sectional side view of alternate
tip 510, it may have the arcuate or curved face 512 sloping
distally such that tip 514 is formed off-center from the longi-
tudinal axis defined by the antenna to which alternate tip 510
may be attached. Accordingly, inner conductor 518 may be
routed through access channel 516 and then attached by any
of'the methods described to alternate tip 510 thereby allowing
tip 514 to be sharpened as necessary and allowing an access
channel 516 to be maintained along the longitudinal axis of
the antenna for ease of assembly.

Alternate Distal Portion Attachments

As discussed above, the energy with a wavelength, A, is
transmitted down a microwave antenna and is subsequently
radiated into the surrounding medium. In operation, micro-
wave energy having a wavelength, A, is transmitted through
the antenna assembly along both proximal and distal radiat-
ing portions. This energy is then radiated into the surrounding
medium. The length of the antenna for efficient radiation may
be dependent at least on the effective wavelength, Az which
is dependent upon the dielectric properties of the medium
being radiated into. Energy having the effective wavelength
radiates and the surrounding medium is subsequently heated.
An antenna assembly through which microwave energy is
transmitted at a wavelength, A, may have differing effective
wavelengths, A depending upon whether the energy is radi-
ated into, e.g., liver tissue, as opposed to, e.g., breast tissue.
Also affecting the effective wavelength, A, are coatings
which may be disposed over the antenna assembly.

Accordingly, various distal portions having varying diam-
eters are shown in FIGS. 30 to 32. FIG. 30, for instance, shows
arepresentative antenna 520 having a constant diameter from
proximal portion 522 to distal portion 524 while covered with
an optional heatshrink 526, as described above, for compari-
son purposes. FIG. 31 shows antenna 530 having distal por-
tion 532 with a larger diameter than proximal portion 522.
Heatshrink 526 in this variation may be desirable to smooth
the transition between the different diameters. On the other
hand, FIG. 32 shows antenna 540 having distal portion 542
with a diameter that is smaller than that of proximal portion
522. Having heatshrink 526 in this variation may also be
desirable to likewise smooth the transition between the dif-
ferent diameters. Varying the diameters of the distal portion
may change the radiative properties of the effective wave-
length in addition to the different medium types being radi-
ated into. Accordingly, the diameter of the distal portion may
be varied to give a desired radiative effect for different tissue
types. Besides the diameter of the distal portion, the thick-
nesses of heatshrink 526 or any of the other dielectric and
sealant layers, as described above, may also be varied accord-
ingly in addition to the distal portion diameter. Although only
two variations are shown in FIGS. 31 and 32, the distal tips
may have a variety of configurations; for instance, it may be
stepped, ramped, tapered, etc., depending upon the desired
radiative effects.

The applications of the antenna assemblies and methods of
making the assemblies discussed above are not limited to
microwave antennas used for hyperthermic, ablation, and
coagulation treatments but may include any number of further
microwave antenna applications. Modification of the above-
described assemblies and methods for carrying out the inven-
tion, and variations of aspects of the invention that are obvi-
ous to those of skill in the art are intended to be within the
scope of the claims.
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We claim:

1. A microwave antenna assembly for applying microwave

energy therapy, comprising:

aproximal radiating portion having an inner conductor and
an outer conductor, each extending therethrough, the
inner conductor disposed within the outer conductor;

a distal radiating portion disposed distally of the proximal
radiating portion, with the inner conductor extending at
least partially therein;

an electrical choke portion disposed proximally of the dis-
tal radiating portion and at least partially over the proxi-
mal radiating portion, the electrical choke portion hav-
ing a conductive layer and at least one dielectric layer
disposed between the conductive layer and the outer
conductor of the proximal radiating portion; and

a junction member having a longitudinal thickness and
having at least a portion of which is disposed between
the proximal and distal radiating portions such that the
inner conductor extends therethrough,

wherein the distal radiating portion and proximal portion
apply a compressive force on at least a portion of the
junction member.

2. A microwave antenna assembly according to claim 1,

wherein the distal radiating portion defines a channel extend-

20
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ing from the inner conductor disposed within the distal radi-
ating portion to an outer surface of the distal radiating portion.

3. A microwave antenna assembly according to claim 1,
wherein the distal radiating portion is attached to the inner
conductor by a method selected from the group consisting of
welding, brazing, soldering, and adhesives.

4. A microwave antenna assembly according to claim 1,
wherein the electrical choke portion includes a pair of dielec-
tric layers disposed between the conductive layer and the
outer conductor.

5. A microwave antenna assembly according to claim 1,
further comprising a sealant coating disposed at least partially
over the distal radiating portion.

6. A microwave antenna assembly according to claim 5,
wherein a gap is defined between the electrical choke portion
and the sealant coating.

7. A microwave antenna assembly according to claim 5,
wherein the electrical choke portion and sealant coating at
least partially overlap.

8. A microwave antenna assembly according to claim 5,
wherein the sealant coating comprises a thermoplastic poly-
mer.
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1
DUAL BAND ANTENNA

This application claims the benefit of Taiwan application
Serial No. 96143571, filed Nov. 16, 2007, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to an antenna, and more
particularly to a planar inverse-F antenna (IFA).

2. Description of the Related Art

As science and technology have gained rapid advance
nowadays, a large variety of compact antennas have been
developed and applied in various electronic devices such as
mobile phones and notebook computers. For example, the
planar inverse-F antenna (PIFA), which has compact struc-
ture and excellent transmission efficiency and can be easily
disposed on an inner wall of an electronic device, has been
widely applied in the wireless transmission of many elec-
tronic devices. However, most of conventional PIFAs are
single band antenna, and can only support a narrower fre-
quency band.

SUMMARY OF THE INVENTION

The invention is directed to an antenna capable of support-
ing more than two frequency bands. Compared with the con-
ventional planar inverse-F antenna (PIFA), the antenna dis-
closed in the invention can receive and transmit data in a
wider frequency band.

According to a first aspect of the present invention, an
antenna applied in a communication device is provided. The
antenna includes a conductive supporting portion, a radiator
and a grounding portion. The radiator operates in a first fre-
quency band. The grounding portion is connected to the
radiator through the conductive supporting portion. The
grounding portion includes a cavity extended from a top
surface of the grounding portion into the interior of the
grounding portion. A resonant cavity operating in a second
frequency band is formed between the radiator and the cavity.

The invention will become apparent from the following
detailed description of the preferred but non-limiting embodi-
ments. The following description is made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a structural diagram of an antenna according
to a preferred embodiment of the invention;

FIG. 2 shows a standing wave ratio diagram of the antenna
10 of FIG. 1; and

FIG. 3 shows a return loss diagram of the antenna 10 of
FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

A planar inverse-F antenna (PIFA) is disclosed in the
invention. The PIFA is capable of operating in two different
frequency bands by a radiator and a resonant cavity which is
defined by the radiator and a grounding portion thereof.

Referring to FIG. 1, a structural diagram of an antenna
according to a preferred embodiment of the invention is
shown. The antenna 10 is applied in an electronic device for
transmitting data according to the communication protocol
802.11 a/b/g/n set by The Institute of Electrical and Electron-
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2

ics Engineers (IEEE). The antenna 10 supports data transmis-
sion and covers the frequency bands of 2.4 GHz to 2.5 GHz
and 4.9 GHz to 5.85 GHz.

The antenna 10 includes a radiator 12, a grounding portion
14 and a conductive supporting portion 16. The antenna 10 is
a PIFA for example, wherein the radiator 12, the grounding
portion 14 and the conductive supporting portion 16 are all
disposed on the same conductor plane. The thickness of the
conductor plane ranges from 0.6 mm to 0.8 mm. For example,
the thickness of the conductor plane is 0.8 mm.

The radiator 12 is adjusted to operate in a first frequency
band, wherein the length of the radiator 12 is approximately a
quarter of the wavelength of the central frequency of the first
frequency band. The signal feed-in point fof the antenna 10 is
disposed in the radiator 12.

The grounding portion 14 is connected to the radiator 12
through the conductive supporting portion 16. The grounding
portion 14 includes a top surface uf. The top surface uf
includes a cavity 14a extended from top surface uf into the
interior of the grounding portion 14. The radiator 12 and the
cavity 14a are connected to form a resonant cavity 18 oper-
ating in a second frequency band. The second frequency band
is, for example, higher than the first frequency band.

The cavity 14a includes a slot s1 disposed in parallel with
the top surface uf. The slot s1 has a closed end and an opening
end. The direction of the opening is substantially parallel to
the top surface uf.

The radiator 12 includes a radiator body 12a and a radiator
branching portion 1256. The radiator branching portion 125
and the radiator body 12a are disposed in parallel. The radia-
tor branching portion 125 includes a first surface and a second
surface. The first surface is adjacent to the grounding portion
14. The signal feed-in point f of the antenna 10 is disposed on
the part of the radiator branching portion 126 near the end
terminal of the radiator branching portion 125. The grounding
point g of the antenna 10 is disposed on the part of the
grounding portion 14 near the signal feed-in point f of the
radiator branching portion 125.

The radiator 12 includes an indentation nl, wherein the
direction of the opening of the indentation n1 is substantially
perpendicular to the radiator 12. The indentation nl and the
resonant cavity 18 are interconnected. The radiator 12, the
conductive supporting portion 16 and the grounding portion
14 together define an indentation n2. The direction of the
opening of the indentation n2 is substantially perpendicular to
the opening of the indentation n1. The indentation n2 and the
resonant cavity 18 are interconnected.

The length and width of'the slot s1 and the indentations nl
and n2 are related to the length of the current path in the
resonant cavity 18 and the impedance of the resonant cavity
18. By way of adjusting the length and width ofthe slot s1 and
the indentations n1 and n2, the antenna is capable of operating
in a second frequency band. Thus, when the resonant cavity
18 operates in a second frequency band, the resonant cavity
18 and the signal wiring (not illustrated) are substantially
impedance matching.

The second surface of the radiator branching portion 1256
and the radiator body 124 together define a slot s2. The slot s2
has a closed end and an opening end. The direction of the
opening of the slot s2 is substantially parallel to the radiator
body 12a.

The radiator 12 further includes a protruding portion 12
connected to the conductive supporting portion 16. The pro-
truding portion 12¢ and the radiator 12 are substantially dis-
posed in parallel. The protruding portion 12¢, the conductive
supporting portion 16 and the grounding portion 14 further
define a slot s3. The slot s3 has a closed end and an opening
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end. The direction of the opening ofthe slot s3 is substantially
parallel to the radiator body 12a.

The length and width of the slot s2, s3 and the protruding
portion 12¢ are related to the length of the current path in the
radiator 12 and the impedance of the radiator 12. By way of
adjusting the length and width of the slots s2 and s3 and the
protruding portion 12¢, the antenna is capable of operating in
a first frequency band. Thus, when the radiator 12 operates in
a first frequency band, the radiator 12 and the signal wiring
(not illustrated) are substantially impedance matching.

Referring to FIG. 2 and FIG. 3. FIG. 2 shows a standing
wave ratio diagram of the antenna 10 of FIG. 1. FIG. 3 shows
a return loss diagram of the antenna 10 of FIG. 1. According
to the band-width reference line L.1 where the standing wave
ratio (SWR) is 2 and the band-width reference line [.2 where
the return loss (return loss) is —10 decibel (dB), the first
frequency band of the present embodiment of the invention
substantially ranges from 2.3 GHz to 2.7 GHz, and the second
frequency band substantially ranges from 4.65 GHz to 6 GHz
and over. The first frequency band substantially includes a
low frequency band of 2.4 GHz~2.5 GHz defined in the
communication protocol 802.11 b/g/n, the second frequency
band substantially includes a high frequency of 4.9
GHz~5.85 GHz defined in the communication protocol
802.11 a/n. Thus, the antenna 10 disclosed in the present
embodiment of the invention effectively supports data trans-
mission adopting communication protocol 802.11 a/b/g/n.

In FIG. 2, the actual standing wave ratios (SWR) (denoted
as measuring points 1~5 in FIG. 2) corresponding to the
frequencies of 2.4 GHz, 2.45 GHz, 2.5 GHz and 5 GHz are
1.2622, 1.2032, 1.4275 and 1.6422, respectively. In FIG. 3,
the actual return losses (denoted as measuring points 1~5 in
FIG. 3) corresponding to the frequencies of 2.4 GHz, 2.45
GHz, 2.5 GHz and 5 GHz are -21.653 dB, -21.668 dB,
-16.125 dB and -12.483 dB, respectively. Thus, the antenna
10 disclosed in the present embodiment of the invention
effectively supports data transmission adopting communica-
tion protocol 802.11 a/b/g/n.

In the present embodiment of the invention, the slot s1 and
the top surface uf are exemplified as being in parallel to each
other, but the direction of the slot s1 does not necessarily have
to be parallel to the top surface uf, and other types of rela-
tionship would also do. Likewise, the direction of the opening
of the indentation n1 does not necessarily have to be perpen-
dicular to that of the opening of the indentation n2, and other
types of relationship would also do.

The PIFA disclosed in the present embodiment of the
invention operates is capable of operating in two different
frequency bands by a radiator and a resonant cavity which is
defined by the radiator and a grounding portion thereof. Thus,
compared with the conventional PIFA, the antenna disclosed
in the present embodiment of the invention can receive and
transmit data in a wider frequency band.

Furthermore, as the structure of the antenna disclosed in
the present embodiment of the invention is disposed on the
same conductor plane, the antenna disclosed in the present
embodiment of the invention further has the advantage of
being easily disposed on a side wall of the mechanism of the
electronic device using the same.

While the invention has been described by way of example
and in terms of a preferred embodiment, it is to be understood
that the invention is not limited thereto. On the contrary, it is
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.
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What is claimed is:

1. An antenna applied in a communication device, the
antenna comprising:

a conductive supporting portion;

a radiator operating in a first frequency band; and

a grounding portion connected to the radiator through the
conductive supporting portion, wherein the grounding
portion comprises:

a cavity extended from a top surface of the grounding
portion into the interior of the grounding portion;

wherein, a resonant cavity operating in a second frequency
band is formed between the radiator and the cavity.

2. The antenna according to claim 1, wherein the cavity
comprises a first slot having a first closed end and a first
opening end, the direction of the opening of the first slot is
substantially parallel to the top surface, and the length and
width of the first slot are related to the frequency level of the
second frequency band.

3. The antenna according to claim 1, wherein the radiator
comprises:

a first indentation, wherein the direction of the opening of
the first indentation is substantially perpendicular to the
radiator, the first indentation and the resonant cavity are
interconnected, and the size of the first indentation is
related to the frequency level of the second frequency
band.

4. The antenna according to claim 3, wherein the radiator,
the conductive supporting portion and the grounding portion
together define a second indentation, the direction of the
opening of the second indentation is substantially perpen-
dicular to the opening of the first indentation, the second
indentation and the resonant cavity are interconnected, and
the size of the second opening is related to the frequency level
of the second frequency band.

5. The antenna according to claim 1, wherein the radiator
comprises:

a radiator body; and

a radiator branching portion disposed in parallel with the
radiator body, wherein the radiator branching portion
comprises a signal feed-in point.

6. The antenna according to claim 5, wherein the first
lateral side of the radiator branching portion and the radiator
body together define a second slot having a second closed end
and a second opening end, and the direction of the opening of
the second slot is substantially parallel to the radiator body.

7. The antenna according to claim 1, wherein the radiator
further comprises:

a protruding portion connected to the conductive support-
ing portion, wherein the length and width of the protrud-
ing portion are related to the frequency level of the first
frequency band.

8. The antenna according to claim 7, wherein the protrud-
ing portion, the conductive supporting portion and the
grounding portion together further define a third slot having a
third closed end and a third opening end, the direction of the
opening of the third slot is substantially parallel to the radiator
body, and the length and width of the third slot are related to
the frequency level of the first frequency band.

9. The antenna according to claim 1, wherein the radiator,
the conductive supporting portion and the grounding portion
are formed in the same plane structure.

10. The antenna according to claim 1, wherein the antenna
is a planar inverse-F antenna (PIFA).

11. An antenna applied in a communication device, the
antenna comprising:

a conductive supporting portion;
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a radiator comprising a signal feed-in point and operating
in a first frequency band;

a grounding portion comprising a grounding point dis-
posed in the vicinity of the signal feed-in point, the
grounding portion is connected to the radiator through
the conductive supporting portion;

a cavity extended from a top surface of the grounding
portion into the interior of the grounding portion; and

aplurality of indentations defined by the radiator, the con-
ductive supporting portion and the grounding portion,
wherein the indentations are disposed on the parts of the
radiator, the conductive supporting portion and the
grounding portion near the cavity; and

wherein, the radiator, the cavity and the indentations form
a resonant cavity operating in a second frequency band.

12. The antenna according to claim 11, wherein the cavity
comprises a first slot having a first closed end and a first
opening end, the direction of the opening of the first slot is
substantially parallel to the top surface, and the length and
width of the first slot are related to the frequency level of the
second frequency band.

13. The antenna according to claim 11, wherein the size of
the indentations is related to the frequency level of the second
frequency band.

14. The antenna according to claim 11, wherein the radiator
comprises:

a radiator body;

a radiator branching portion disposed in parallel with the
radiator body, wherein the signal feed-in point is located
on the radiator branching portion; and

a second slot disposed between the first lateral side of the
radiator branching portion and the radiator body,
wherein the second slot has a second closed end and a
second opening end, and the direction of the opening of
the second slot is substantially parallel to the radiator
body.

15. The antenna according to claim 11, wherein the radiator

further comprises:

a protruding portion connected to the conductive support-
ing portion, wherein the protruding portion, the conduc-
tive supporting portion and the grounding portion fur-
ther define a third slot having a third closed end and a
third opening end, the direction of the opening of the
third slot is substantially parallel to the radiator body,
and the length and width of the protruding portion and
the third slot are related to the frequency level of the first
frequency band.

16. The antenna according to claim 1, wherein the radiator,
the conductive supporting portion and the grounding portion
are formed in the same plane structure.

17. The antenna according to claim 11, wherein the antenna
is a planar inverse-F antenna (PIFA).
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18. An antenna applied in a communication device, the
antenna comprising:

a conductive supporting portion;

aradiator comprising a protruding portion connected to the
conductive supporting portion, wherein the radiator
operates in a first frequency band; and

a grounding portion comprising a cavity extended from a
top surface of the grounding portion into the interior of
the grounding portion, wherein the grounding portion is
connected to the radiator through the conductive sup-
porting portion;

wherein, a resonant cavity operating in a second frequency
band is formed between the radiator and the cavity.

19. The antenna according to claim 18, wherein the cavity
comprises a first slot having a first closed end and a first
opening end, the direction of the opening of the first slot is
substantially parallel to the top surface, and the length and
width of the first slot are related to the frequency level of the
second frequency band.

20. The antenna according to claim 18, comprising a plu-
rality of indentations disposed on the part of the radiator, the
conductive supporting portion and the grounding portion near
the cavity, wherein the size of the indentations is related to the
frequency level of the second frequency band.

21. The antenna according to claim 18, wherein the radiator
comprises:

a radiator body; and

a radiator branching portion disposed in parallel with the
radiator body, wherein the signal feed-in point is dis-
posed on the radiator branching portion; and

a second slot disposed between the first lateral side of the
radiator branching portion and the radiator body,
wherein the second slot has a second closed end and a
second opening end, and the direction of the opening of
the second slot is substantially parallel to the radiator
body.

22. The antenna according to claim 18, wherein the radiator

further comprises:

a protruding portion connected to the conductive support-
ing portion, wherein the protruding portion, the conduc-
tive supporting portion and the grounding portion
together further define a third slot having a third closed
end and a third opening end, the direction of the opening
of the third slot is substantially parallel to the radiator
body, and the length and width of the protruding portion
and the third slot are related to the frequency level of the
first frequency band.

23. The antenna according to claim 18, wherein the radia-
tor, the conductive supporting portion and the grounding por-
tion are formed in the same plane structure.

24. The antenna according to claim 18, wherein the antenna
is a planar inverse-F antenna (PIFA).

#* #* #* #* #*
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1
INTERNAL ANTENNA FOR MOBILE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/739,628, filed Nov. 23, 2005, which is
herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

The present invention generally relates to a communication
device and, more particularly, to a mobile communication
device having an internal monopole antenna integrated with a
conductive surface.

One of the components that seem to have been given less
consideration at the mobile level by phone manufacturers is
the antenna. In fact, little change has been done at the antenna.
With the progress in semiconductor manufacturing processes
and telecommunications techniques, however, interest in a
compact, light-weight and low-profile antenna for mobile
devices is growing

A variety of low-profile monopole antennas that are
designed to be embedded inside the casings of mobile
devices, such as mobile phones and personal digital assistants
(“PDAs”), as internal antennas have been demonstrated
recently. However, during conventional antenna design pro-
cesses, an internal monopole antenna is usually tested in a
stand-alone condition without taking into consideration other
components such as the shielding metal case of an RF (“radio
frequency”) module, RF circuitry and the battery, which are
disposed near the internal monopole antenna. Failure to inte-
grate the antenna and shielding metal case may generally
result in an uneconomical use of the space within a mobile
communication device, and may in turn contradict the goal of
being compact and low profile.

FIG. 1 is a schematic diagram of a conventional mobile
device 10. Referring to FIG. 1, the mobile device 10 includes
a ground plane 11, a shielding metal case 12, an antenna 13,
a shorting pin 14 and a feeding pin 15. The antenna 13, in the
form of a printed inverted-F antenna (“PIFA”™), is separated
from the shielding metal case 12 by an isolation distance d,
which is required to avoid coupling effects between the
antenna 13 and the shielding metal case 12 or associated
nearby components. Such an isolation distance d may gener-
ally be about 7 mm (millimeter) or greater so that the perfor-
mance of the antenna 13 is not degraded by the coupling
effects. The requirement for such an isolation distance d
limits the effective usage of the internal spacing in a mobile
device.

It is therefore desirable to have a mobile device that has a
relatively small distance between an internal monopole
antenna and a shielding metal case or other nearby compo-
nents of the mobile device without compromising the perfor-
mance of the monopole antenna.

BRIEF SUMMARY OF THE INVENTION

The present invention is directed to an internal monopole
antenna that obviates one or more problems resulting from the
limitations and disadvantages of the prior art.

In accordance with an embodiment of the present inven-
tion, there is provided a mobile device that comprises a
ground plane, a conductive housing disposed on the ground
plane including a sidewall, a first conductive strip spaced
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apart from the conductive housing, and a second conductive
strip electrically connecting the first conductive strip to the
conductive housing.

Still in accordance with an embodiment of the present
invention, there is provided a mobile device that comprises a
ground plane, a conductive housing disposed on the ground
plane including a conductive surface, and an antenna com-
prising a first conductive strip spaced apart from the conduc-
tive surface, and a second conductive strip electrically con-
necting the first conductive strip to the conductive surface of
the conductive housing.

Further in accordance with an embodiment of the present
invention, there is provided a mobile device that comprises a
ground plane including a side, a conductive housing disposed
on the ground plane including a sidewall flush with the side of
the ground plane, a first conductive strip extending generally
parallel with and spaced apart from the sidewall of the con-
ductive housing, and a second conductive strip electrically
connecting the first conductive strip to the conductive hous-
ing.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing summary as well as the following detailed
description of the preferred embodiments of the present
invention will be better understood when read in conjunction
with the appended drawings. For the purposes of illustrating
the invention, there are shown in the drawings embodiments
which are presently preferred. It is understood, however, that
the invention is not limited to the precise arrangements and
instrumentalities shown. In the drawings:

FIG. 11is a schematic diagram of portions of a conventional
mobile device;

FIG. 2A is a schematic diagram of portions of a mobile
device in accordance with one embodiment of the present
invention;

FIG. 2B is an enlarged perspective view of a first conduc-
tive strip and a second conductive strip shown in FIG. 2A;

FIG. 3 is a diagram illustrating a monopole antenna of a
mobile device in accordance with another embodiment of the
present invention;

FIG. 4A is a diagram illustrating a monopole antenna of a
mobile device in accordance with still another embodiment of
the present invention;

FIG. 4B is a diagram illustrating a monopole antenna of a
mobile device in accordance with yet still another embodi-
ment of the present invention;

FIG. 5 is a diagram illustrating a monopole antenna of a
mobile device in accordance with yet another embodiment of
the present invention;

FIG. 6 is a plot illustrating experimental results of a mono-
pole antenna in accordance with one embodiment of the
present invention;

FIGS. 7A to 7D are diagrams illustrating radiation patterns
of'a monopole antenna in accordance with one embodiment
of the present invention; and

FIG. 8 is a plot illustrating the peak antenna gain of a
monopole antenna in accordance with one embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 2A is a schematic diagram of portions of the interior
of a mobile device 20 in accordance with one embodiment of
the present invention. Referring to FIG. 2A, mobile device 20
includes a ground plane 21, an electrically conductive hous-
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ing 22, a first conductive strip 23 and a second conductive
strip 24. The conductive housing 22, for example, a metal
case, accommodates radio frequency (“RF”) modules such as
transmitters or receivers therein and protects the RF modules,
RF circuitry or battery from interference caused by other
radiation sources, i.e., the coupling effects. The conductive
housing 22 need not necessarily entirely seal the modules,
circuitry or battery. The conductive housing 22 is electrically
connected to the ground plane 21, which may be a circuit
board surface. A sidewall 221 of the conductive housing 22 is
substantially flush with a side 211 of the ground plane 21. A
shorting contact 25 is disposed on a conductive surface, for
example, the sidewall 221 or a top surface 222 of the conduc-
tive housing 22. The first conductive strip 23, extending gen-
erally parallel with the sidewall 221 of conductive housing
22, functions to serve as a radiating element for the mobile
device 20. The second conductive strip 24, disposed between
the conductive housing 22 and the first conductive strip 23,
includes one end (not numbered) electrically connected to the
shorting contact 25 and the other end (not numbered) electri-
cally connected to the first conductive strip 23, proximate to
or near a feeding contact 26.

FIG. 2B is an enlarged perspective view of the first con-
ductive strip 23 shown in FIG. 2A. Referring to FIG. 2B, the
second conductive strip 24, is integrated with the first con-
ductive strip 23 and a conductive surface such as the sidewall
221 or the top surface 222 of the conductive housing 22, and
includes a winding path extending between the first conduc-
tive strip 23 and the conductive surface. The feeding contact
26 is disposed proximate to the other end of the second
conductive strip 24. The first conductive strip 23, second
conductive strip 24, shorting contact 25 and feeding contact
26 collectively form a monopole antenna for the mobile
device 20. In one embodiment according to the present inven-
tion, the conductive housing 22, first conductive strip 23 and
second conductive strip 24 are formed out of a single metal
sheet by conventional cutting and/or stamping processes or
other suitable processes known to skilled persons in the art.
However, the first and second conductive strips 23, 24 may be
separately formed if desired and may be electrically con-
nected in any known manner. Further, the first and second
conductive strips 23, 24 may be made of some other conduc-
tive material and could take a shape other than the generally
rectangular shape shown in the drawings.

FIG. 3 is a diagram illustrating a monopole antenna 30 of a
mobile device in accordance with another embodiment of the
present invention. Referring to FIG. 3, the monopole antenna
30 includes a first conductive strip 33, a second conductive
strip 34 and a third conductive strip 37. The first conductive
strip 33 extends generally parallel with a sidewall 321 (shown
in phantom) of a conductive housing (not shown). The second
conductive strip 34 is integrated with the first conductive strip
33 and a conductive surface such as the sidewall 321. The
third conductive strip 37, protruding from the first conductive
strip 33, is separated from the second conductive strip 34 and
from the sidewall 321 of the conductive housing. A feeding
contact 36 is formed on the third conductive strip 37. The
second and third conductive strips 34 and 37 are substantially
disposed in a center region between the first conductive strip
33 and the sidewall 321.

FIG. 4A is a diagram illustrating a monopole antenna 40 of
a mobile device in accordance with still another embodiment
of'the present invention. Referring to FIG. 4A, the monopole
antenna 40 includes a first conductive strip 43 and a second
conductive strip 44. The first conductive strip 43 further
includes a first portion 431 extending generally parallel with
a sidewall 421 of a conductive housing (not shown), and a
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second portion 432 protruding from the first portion 431 and
spaced apart from the sidewall 421. In one embodiment
according to the present invention, the second portion 432 is
substantially orthogonal to the first portion 431, resulting in
an L-shaped first conductive strip 43. The second conductive
strip 44 includes a winding path extending from the second
portion 432 to the sidewall 421. A feeding contact 46 is
disposed on the second conductive strip 44.

FIG. 4B is a diagram illustrating a monopole antenna 41 of
a mobile device in accordance with yet still another embodi-
ment of the present invention. Referring to FIG. 4B, the
monopole antenna 41 has a similar structure to the monopole
antenna 40 shown in FIG. 4A except that the first portion 431
is eliminated.

FIG. 5 is a diagram illustrating a monopole antenna 50 of a
mobile device in accordance with yet another embodiment of
the present invention. Referring to FIG. 5, the monopole
antenna 50 includes a first conductive strip 53, a second
conductive strip 54 and a third conductive strip 57. The first
conductive strip 53 extends generally parallel with a sidewall
521 of a conductive housing (not shown). The second con-
ductive strip 54, protruding from a first or upper edge 531 of
the first conductive strip 53, is integrated with the first con-
ductive strip 53 and the sidewall 521. The third conductive
strip 57, protruding from a second or lower edge 532 of the
first conductive strip 53, is spaced apart from the sidewall
521. A feeding contact 56 is formed on the third conductive
strip 57.

FIG. 6 is a plot illustrating experimental results of a mono-
pole antenna in accordance with one embodiment of the
present invention. The experiment was conducted on, for
example, the mobile device 20 illustrated in FIG. 2A. The
dimensions of the components of the mobile device 20 are
given as follows. The ground plane 21 has a size of approxi-
mately 100 mmx70 mm, on which conductive housing 22
having a size of approximately 45 mmx30 mmx5 mm is
mounted. The first conductive strip 23 has a size of approxi-
mately 45 mmx5 mm, and is spaced apart from the sidewall
221 by approximately 3.5 mm. The second conductive strip
24 has a size of approximately 8 mmx1.5 mm. The above-
mentioned dimensions may vary in practical applications.
Referring to FIG. 6, given a 50-ohm coaxial line, the mea-
sured results and simulated results on return loss are illus-
trated in curves 61 and 62, respectively. The simulation is
conducted using a simulation software, High Frequency
Structure Simulator (“HFSS”), by Ansoft Corporation. Spe-
cifically, for the UTMS (Universal Mobile Telecommunica-
tion System) band ranging from approximately 1920to 2170
mega Hertz (MHz), FIG. 6 shows that the measured imped-
ance matching is at least better than approximately 7.3 dB
(2.5:1 VSWR (Voltage Standing Wave Ratio)), which is a
relatively higher bandwidth definition for general mobile
phone applications. A general mobile phone is usually
designed in accordance with the bandwidth definition of at
least 3:1 VSWR (6 dB return loss).

FIGS. 7A to 7D are diagrams illustrating radiation patterns
of'a monopole antenna in accordance with one embodiment
of the present invention. Given the same monopole antenna
and associated dimensions as in FIG. 6, referring to FIGS. 7A
to 7D, a substantially omni-directional pattern may be
achieved in the x-y plane when the monopole antenna oper-
ates at 2045 MHz, which is the center frequency ofthe UTMS
band. Therefore, the monopole antenna according to the
present invention satisfies the requirement for omni-direc-
tional properties.

FIG. 8 is a plot illustrating the peak antenna gain of a
monopole antenna in accordance with one embodiment of the
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present invention. Similarly, given the same monopole
antenna and associated dimensions as in FIG. 6, referring to
FIG. 8, the antenna gain is approximately 4.2 dB, which
satisfies the requirement for practical mobile phone applica-
tions in the UTMS band.

Itwill be appreciated by those skilled in the art that changes
could be made to the preferred embodiments described above
without departing from the broad inventive concept thereof. It
is understood, therefore, that this invention is not limited to
the particular embodiments disclosed, but is intended to cover
modifications within the spirit and scope of the present appli-
cation as defined by the appended claims.

We claim:

1. A mobile device, comprising:

a ground plane;

a conductive housing disposed on the ground plane, the
conductive housing including a sidewall generally per-
pendicular to the ground plane;

a first conductive strip spaced apart from the conductive
housing, the first conductive strip including a surface
extending generally in parallel with and opposed to the
sidewall of the conductive housing;

a second conductive strip extending from an edge of the
first conductive strip and electrically connecting the first
conductive strip to the conductive housing;

athird conductive strip protruding from the first conductive
strip, wherein the third conductive strip extends from the
same edge of the first conductive strip as the second
conductive strip; and

a feeding contact disposed on the third conductive strip.

2. The mobile device of claim 1, wherein the second con-
ductive strip includes a winding path extending from the first
conductive strip to the conductive housing.

3. The mobile device of claim 1, further comprising a
shorting contact disposed on a conductive surface of the con-
ductive housing.

4. The mobile device of claim 1, wherein the second con-
ductive strip extends from one edge of the first conductive
strip, and the third conductive strip extends from another edge
of the first conductive strip.

5. The mobile device of claim 1, wherein the sidewall of the
conductive housing is generally flush with a side of the
ground plane.
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6. The mobile device of claim 1, wherein the first conduc-
tive strip includes a first portion extending generally in par-
allel with the sidewall and a second portion protruding from a
side of the first portion.

7. The mobile device of claim 6, wherein the second con-
ductive strip electrically connects the second portion of the
first conductive strip to the sidewall.

8. The mobile device of claim 1, wherein the conductive
housing comprises at least one of a radio frequency (RF)
module, a RF circuit, or a battery.

9. A mobile device, comprising:

a ground plane;

a conductive housing disposed on the ground plane, the
conductive housing including a plurality of sidewalls
generally perpendicular to the ground plane, the plural-
ity of sidewalls including an adjacent sidewall that is
generally flush with a side of the ground plane, the other
sidewalls of the plurality of sidewalls are not flush with
the side of the ground plane;

a first conductive strip including a surface extending gen-
erally in parallel with and opposed to the adjacent side-
wall of the conductive housing; and

a second conductive strip electrically connecting the first
conductive strip to the conductive housing; a third con-
ductive strip protruding from the first conductive strip;
wherein the second and the third conductive strip extend
from a same edge of the first conductive strip.

10. The mobile device of claim 9, wherein the second
conductive strip includes a winding path extending from the
first conductive strip to the conductive surface of the conduc-
tive housing.

11. The mobile device of claim 9, wherein the first conduc-
tive strip includes a first portion extending generally in par-
allel with the sidewall and a second portion protruding from a
side of the first portion.

12. The mobile device of claim 11, wherein the second
conductive strip electrically connects the second portion of
the first conductive strip to the sidewall.

13. The mobile device of claim 9, wherein the conductive
housing comprises at least one of a radio frequency (RF)
module, a RF circuit, or a battery.

#* #* #* #* #*
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1
COMMUNICATION TERMINAL APPARATUS

TECHNICAL FIELD

The present invention relates to a communication terminal
apparatus capable of achieving miniaturization and thinning
together with widening of a band of an antenna, a reduction in
an SAR (Specific Absorption Ratio) and an improvement in
gain at the time of a call.

BACKGROUND ART

In recent years, an antenna is often built into a communi-
cation terminal apparatus such as a mobile telephone for the
purpose of reduction in size and weight, thinning, etc. As a
result of that, a housing approaches human body’s head at the
time of a call, so that there were problems that electromag-
netic waves emitted from the antenna are absorbed in human
body’s head and antenna gain at the time of the call deterio-
rates and SAR characteristics deteriorate by approach of the
antenna and an antenna and an antenna power feeding part to
human body’s head.

Therefore, for example, an apparatus in which in a com-
munication terminal apparatus 102 into which a chip antenna
101 as shown in FIG. 12 is built, directivity can be increased
to the side opposite to the side of the human body who grips
a housing of this communication terminal apparatus 102 and
an influence of electromagnetic waves emitted by the com-
munication terminal apparatus 102 such as a mobile tele-
phone on the human body can be suppressed has been known
(forexample, see Patent Reference 1). In addition, in the same
figure, numeral 103 shows a ground.

Also, an apparatus having a configuration in which a
ground wire is added in order to widen a band of an antenna
has been known. That is, as a communication terminal appa-
ratus having such a configuration, for example, an apparatus
capable of having wide band frequency characteristics even
when each element is bent and miniaturized by bending and
arranging a ground wire 202 in parallel with the outside of an
inverted F antenna 201 and bending and arranging a ground
wire 203 in parallel with the inside of the bent inverted F
antenna 201 as shown in FIG. 13 has also been known (for
example, see Patent Reference 2). In addition, in the same
figure, numeral 204 shows a ground plane to which the
inverted F antenna 201 is connected through a short-circuit
conductor connected at a power feeding point A.

Further, as another type communication terminal apparatus
other than the apparatus described above, for example, an
apparatus capable of improving radiation efficiency and
reducing radio wave absorption in the human body by adding
a parasitic element 301 and performing directivity control as
shown in FIG. 14 has also been known.

Patent Reference 1: JP-A-2001-77611 (Page 5, FIG. 1)
Patent Reference 2: JP-A-2000-261243 (Page 7, FIG. 1(a))
Patent Reference 3: JP-A-2002-223107 (Page 6, FIG. 1)

DISCLOSURE OF THE INVENTION
Problems that the Invention is to Solve

However, the apparatus described in Patent Reference 1
had problems that a band of an antenna becomes narrow by
incorporating a chip antenna and a wave director must be
added in order to control directivity of an antenna

Also, the apparatus for taking measures to add the ground
wire in order to widen a band of the antenna as described in
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Patent Reference 2 had problems that depending on a shape of
the ground wire, an antenna current concentrates and further
an SAR deteriorates.

Also, the apparatus having the configuration as described
in Patent Reference 3 had problems that space of the inside of
ahousing cannot be used effectively and cost increases when
the parasitic element is added in order to control directivity of
an antenna.

The invention has been implemented in view of the circum-
stances described above, and an object of the invention is to
provide a small-size communication terminal apparatus
capable of reducing an SAR and also widening a band of an
antenna and further achieving thinning.

Means for Solving the Problems

A communication terminal apparatus of the invention has a
substrate disposed inside a housing, a power feeding part
disposed in the substrate, a monopole antenna having plural
elements of multi-frequency sharing, the monopole antenna
for feeding power by electrically connecting one end to the
power feeding part, and a ground wire electrically connected
to a wireless ground of the substrate, and has a configuration
in which the monopole antenna is arranged in a direction
vertical to the substrate surface and in a back surface direction
of the housing so as to extend to the opposite side separate
from a human body. By this configuration, electromagnetic
waves absorbed in human body’ head decrease, so that
antenna gain at the time of'a call can be improved and the peak
point of a current moves away from the human body, so that
an SAR at the time of the call can be reduced. Also, by adding
the ground wire, a band of the antenna can be widened and
SAR characteristics can further be reduced.

Also, acommunication terminal apparatus of the invention
has a substrate disposed inside a housing, a power feeding
part disposed in the substrate, a monopole antenna having
plural elements of multi-frequency sharing, the monopole
antenna for feeding power by electrically connecting one end
to the power feeding part, and a ground wire electrically
connected to a wireless ground of the substrate, and has a
configuration in which the open end of the monopole antenna
is formed in a position of a housing back surface direction far
from a human body and an antenna element resonating at a
particular first frequency of the monopole antenna having the
plural elements is formed in the human body side and an
antenna element resonating at a second frequency and a third
frequency or higher different from the first frequency is
arranged in a position farther from the human body than the
antenna element resonating at the first frequency. By this
configuration, electromagnetic waves absorbed in human
body’ head decrease, so that antenna gain at the time of a call
can be improved and the peak point of a current moves away
from the human body, so that an SAR at the time of the call
can bereduced. Also, by adding the ground wire, aband ofthe
antenna can be widened and SAR characteristics can further
be reduced. Further, the antenna element resonating at the
second frequency and the third frequency or higher is
arranged in the position farther from the human body than the
antenna element resonating at the first frequency, so that the
peak point of a current moves away from the human body and
the SAR at the time of the call can be reduced.

Also, acommunication terminal apparatus of the invention
has a substrate disposed inside a housing, a power feeding
part disposed in the substrate, a monopole antenna having
plural elements of multi-frequency sharing, the monopole
antenna for feeding power by electrically connecting one end
to the power feeding part, and a ground wire electrically
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connected to a wireless ground of the substrate, and has a
configuration in which the monopole antenna is made of a
plate-shaped or line-shaped element and is formed by a sheet
metal, a flexible substrate or a printed substrate. By this
configuration, by having the ground wire, a band of the
antenna can be widened and SAR characteristics can also be
reduced. Further, the monopole antenna is made of a plate-
shaped or line-shaped element and is formed by a sheet metal,
a flexible substrate or a printed substrate, so that various
shapes can be constructed and incorporated easily.

Also, a communication terminal apparatus of the invention
has a substrate disposed inside a housing, a power feeding
part disposed in the substrate, a monopole antenna having
plural elements of multi-frequency sharing, the monopole
antenna for feeding power by electrically connecting one end
to the power feeding part, and a ground wire electrically
connected to a wireless ground of the substrate, and has a
configuration in which the ground wire has a plate shape and
a circumferential length of the ground wire is about (V2)A of
a working frequency and a length of a direction along a width
direction of the substrate of the ground wire is about (}4)A or
less. By this configuration, by the ground wire with the cir-
cumferential length of about (V2)A, a band of the antenna can
be widened and SAR characteristics can also be reduced.

Effect of the Invention

According to the invention, there can be provided a com-
munication terminal apparatus having effects capable of
improving antenna gain at the time of a call and reducing an
SAR having an influence on the human body by electromag-
netic waves and widening a band of an antenna, and having
small-size and thin characteristics. Also, according to the
invention, there can be provided a communication terminal
apparatus having effects in which by adding a ground wire in
the vicinity of a power feeding point of the inside of a hous-
ing, a band of an antenna can be widened and the peak of a
current concentrating in the vicinity of the power feeding
point can be distributed and also by forming the ground wire
in a plate shape, the peak of the current can further be distrib-
uted and the SAR can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a communication terminal
apparatus according to an embodiment of the invention.

FIG. 2 is an explanatory diagram showing a configuration
of an antenna portion of the inside of the communication
terminal apparatus.

FIGS. 3A to 3C are explanatory diagrams showing con-
figurations of antenna elements of the communication termi-
nal apparatus.

FIGS. 4A and 4B are explanatory diagrams showing con-
crete shapes of antenna elements of the communication ter-
minal apparatus.

FIG. 5A is an arrangement diagram of the case where an
antenna of the communication terminal apparatus is a one-
element monopole antenna, and FIG. 5B is an arrangement
diagram of a one-element monopole antenna shown as a
comparative example.

FIG. 6A is a radiation pattern diagram (X-Y plane) of the
one-element monopole antenna shown in FIG. 5A, and FIG.
6B is a radiation pattern diagram of the one-element mono-
pole antenna of the comparative example shown in FIG. 5B.

FIG. 7A is an arrangement diagram of the case where an
antenna of the communication terminal apparatus of the
invention is a two-element monopole antenna, and FIG. 7B is
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an arrangement diagram of a two-element monopole antenna
shown as a comparative example.

FIG. 8A is a radiation pattern diagram (X-Y plane) of the
two-element monopole antenna shown in FIG. 5A, and FIG.
8B is a radiation pattern diagram of the two-element mono-
pole antenna of the comparative example shown in FIG. 5B.

FIG. 9A is a configuration diagram showing a ground wire
etc. of the communication terminal apparatus according to the
embodiment of the invention, and FIG. 9B is a configuration
diagram showing a comparative example without having a
ground wire in the communication terminal apparatus.

FIG. 10A is a VSWR diagram of the communication ter-
minal apparatus shown in FIG. 9A, and FIG. 10B is a VSWR
diagram of the comparative example shown in FIG. 9B.

FIG. 11A is a current distribution diagram of the commu-
nication terminal apparatus of the invention shown in FIG. 2
and FIG. 9A, and FIG. 11B is a current distribution diagram
of the case having a ground wire with an undesirable shape
used as a comparative example.

FIG. 12 is a side view of a communication terminal appa-
ratus into which a conventional chip antenna is built.

FIG. 13 is a top view of a communication terminal appa-
ratus to which a conventional ground wire is added.

FIG. 14 is a perspective view of a communication terminal
apparatus for improving radiation efficiency and reducing
radio wave absorption in the human body by adding a con-
ventional parasitic element and performing directivity con-
trol.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

1 COMMUNICATION TERMINAL APPARATUS

10 HOUSING

10A UPPER SURFACE

10B BACK SURFACE

11 MONOPOLE ANTENNA (ONE-ELEMENT MONO-
POLE ANTENNA)

111 SHEET METAL

111A PLATE-SHAPED SHEET METAL

111B LINE-SHAPED SHEET METAL

112 FLEXIBLE SUBSTRATE

113 PRINTED SUBSTRATE

12 POWER FEEDING PART

13 SUBSTRATE

14 GROUND WIRE

a PRINCIPAL POLARIZATION COMPONENT

 CROSS POLARIZATION COMPONENT

BEST MODE FOR CARRYING OUT THE
INVENTION

A communication terminal apparatus according to an
embodiment of the invention will hereinafter be described
using the accompanying drawings.

FIGS. 1 and 2 show a communication terminal apparatus 1
according to the embodiment of the invention, and this com-
munication terminal apparatus 1 comprises a monopole
antenna 11 having plural elements, a substrate 13 having a
power feeding part 12, a ground wire 14 to which power is fed
by electrically connecting one end of the ground wire 14 to
the power feeding part 12, etc. inside a housing 10 of this
communication terminal apparatus 1.

A two-element monopole antenna is used in the monopole
antenna 11 of the present embodiment and, for example, as an
antenna element, it is configured to be singly formed of a
sheet metal 111 (FIG. 3A) or be formed in a part of a flexible
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substrate 112 (FIG. 3B) or be formed in a part of a printed
substrate 113 (FIG. 3C). Also, when this antenna element is
formed of the sheet metal, it is configured to be constructed of
a plate-shaped sheet metal 111A (FIG. 4A) or a line-shaped
sheet metal 111B (FIG. 4B) as shown in FIGS. 4A and 4B. In
addition, it is configured to feed power from one power feed-
ing part 12 to one end of this antenna element as shown in
FIG. 2.

Next, an effect obtained by a configuration or arrangement
of the antenna element will be described.

(1) First, the case of a one-element monopole antenna will
be described.

A one-element monopole antenna 11 of FIG. 5A is
arranged in a state of protruding from a back surface 10B (see
FIG. 1) in a vertical direction (+X direction) from an upper
surface 10A (see FIG. 1) of the housing 10 toward a direction
(+X direction) of the back surface 10B of the housing 10
opposite to the human body (user) who grips the housing 10
of this communication terminal apparatus 1 by hand, and is
electrically connected to the power feeding part 12 of the
substrate 13.

On the other hand, a one-element monopole antenna 11 of
FIG. 5B shown as a comparative example is arranged so as to
straight extend in a just above direction (+Z direction) from an
upper surface 10A of'a housing 10 in the upper surface 10A of
the housing 10, and is electrically connected to a power feed-
ing part 12 of a substrate 13.

In both cases of FIGS. 5A and 5B for this (i) one-element
monopole antenna, the one-element monopole antennas 11
are formed so as to be stored inside the housing 10, and
respective radiation patterns are shown in FIGS. 6A and 6B.

That is, FIG. 6A is a radiation pattern diagram of 1800
MHz at the time of forming the one-element monopole
antenna 11 as shown in FIG. 5A in the back surface direction
(+X direction) of the housing 10, and shows a principal polar-
ization component o and a cross polarization component f§ of
an X-Y plane. On the other hand, FIG. 6B is a radiation
pattern diagram of 1800 MHz at the time of forming the
one-element monopole antenna 11 as shown in FIG. 5B in the
just above direction (+Z direction) of the housing 10, and
shows a principal polarization component c and a cross polar-
ization component § of an X-Y plane.

In the case of comparing the principal polarization com-
ponents of FIGS. 6 A and 6B, while the principal polarization
component of FIG. 6A is about 0.5 dB, an F/B ratio (Front to
back ratio) of the principal polarization component of FIG.
6B is about 0 dB and there is almost no change in a radiation
pattern by arrangement of the antenna element.

(ii) Subsequently, the case of a two-element monopole
antenna will be described.

A two-element monopole antenna of FIG. 7A is arranged
in a state of protruding from an upper surface 10A of a
housing 10 toward a vertical direction, that is, toward an
opposite direction (+X direction) of a back surface 10B sepa-
rate from a front direction (-X direction) opposed to the
human body (user) who grips the housing 10 of this commu-
nication terminal apparatus 1 by hand, and is electrically
connected to a power feeding part 12 of a substrate 13. On the
other hand, a two-element monopole antenna 11 of FIG. 7B
shown as a comparative example is arranged so as to extend in
ajust above direction from an upper surface 10A of a housing
10 in the upper surface 10A (see FIG. 1) of the housing 10,
and is electrically connected to a power feeding part 12 of a
substrate 13.

In both cases of FIGS. 7A and 7B at this time, the two-
element monopole antennas 11 are formed so as to be stored
inside the housing 10. Also, an antenna element 11A resonat-
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ing at a band of 900 MHz among the two elements is formed
in a position nearer to the human body (user) than an antenna
element 11B resonating at 1800 MHz. That is, the portion
which is not stored in a width direction (Y direction) of the
housing 10 is folded back in the direction (+X direction) of
the back surface 10B of the housing 10, and the antenna
element 11B resonating at a band of 1800 MHz is formed in
the back surface direction (+X direction) of the housing 10 so
as to become far from the human body (user), and the portion
which is not stored in the back surface direction (+X direc-
tion) of the housing 10 is folded back in the width direction
(2Y direction) of the housing and is formed. Also, the open
end of the two-element monopole antenna described above is
formed in the back surface direction of the housing 10 so as to
become far from the human body (user).

Next, radiation patterns of the case of (ii) the two-element
monopole antennas are shown in FIGS. 8A and 8B.

FIG. 8A is a radiation pattern diagram of 1800 MHz at the
time of forming the two-element monopole antenna 11 as
shown in FIG. 7A in the back surface direction of the housing
10, and shows a principal polarization component a and a
cross polarization component [} of an X-Y plane. On the other
hand, FIG. 8B shows a comparative example and is a radia-
tion pattern diagram of 1800 MHz at the time of forming the
two-element monopole antenna 11 as shown in FIG. 7B so as
to extend in the just above direction from the upper surface
10A of the housing 10 in the upper surface 10A (see FIG. 1)
of'the housing 10, and shows a principal polarization compo-
nent o and a cross polarization component [ of an X-Y plane.

In the case of comparing the principal polarization com-
ponents . of FIGS. 8A and 8B, while the principal polariza-
tion component o of FIG. 8A is about -6 dB, an F/B ratio
(Front to back ratio) of the principal polarization component
o of FIG. 8B is about 0 dB. This indicates that the antenna
element 11A resonating at a band of 900 MHz operates as a
reflector of the antenna element 11B resonating at a band of
1800 MHz and thereby emission of electromagnetic waves in
the back surface direction of the housing 10 becomes pre-
dominant and the electromagnetic waves are predominantly
emitted in the back surface direction of the housing opposite
to the human body (user) at the time of a call.

Thus, as shown in FIG. 7A, the monopole antenna (two-
element monopole antenna in the embodiment) 11 having
plural elements is formed in the back surface direction of the
housing 10 and an antenna element resonating at a first fre-
quency (for example, 900 MHz) of the monopole antenna 11
having the plural elements described above is formed in the
side of the human body (user) and an antenna element reso-
nating at a second frequency (for example, 1800 MHz) and a
third frequency (for example, 2000 MHz) or higher is
arranged in a position farther from the human body (user)
than the antenna element resonating at the first frequency
described above and thereby, emission in the back surface
direction of the housing 10 opposite to the human body (user)
becomes predominant. As a result of that, by decreasing elec-
tromagnetic waves absorbed in the head of the human body
(user) at the time of a call, gain at the time of the call can be
improved and a parasitic element is not required in order to
perform directivity control, so that space of the inside of the
housing 10 can be used effectively and cost can also be
reduced.

Also, in like manner, as shown in FIG. 7A, the two-element
monopole antenna 11 is formed in the back surface direction
of'the housing 10 and the open end of the two-element mono-
pole antenna 11 is formed in a position far from the human
body (user) in the side opposite to the human body (user) and
thereby, particularly at a band of 1800 MHz at which emis-
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sion from the antenna element becomes predominant, the
peak point of a current is moved away from the head of the
human body (user) and an SAR (Specific Absorption Ratio)
can be reduced by about 15%.

Next, an effect of the ground wire 14 disposed in the
communication terminal apparatus 1 of the embodiment will
be described with reference to FIGS. 9A to 11B.

A ground wire 14 shown in FIG. 9A is grounded on a
wireless ground near to a power feeding part 12 on a substrate
13 and thereby, a band at a high frequency band is widened as
compared with the case where there is no ground wire 14
(FIG.9B) and an antenna 11 forms a multi-frequency sharing
antenna capable of coping from an EGSM band (880 MHz to
960 MHz) to a UMTS band (1920 MHz to 2170 MHz). A
graph showing a VSWR (Voltage Standing Wave Ratio) at
this time is shown in FIGS. 10A and 10B.

FIG. 10A is a VSWR diagram of the case (shown in FIG.
9A) of adding the ground wire 14, and FIG. 10B is a VSWR
diagram of the case (shown in FIG. 9B) where there is no
ground wire.

When the ground wire 14 described above is added in order
to widen a band of the antenna, the peak of a current concen-
trates in the ground wire 14 as shown in FIG. 11B depending
on a shape of the ground wire 14. As a result of this, an SAR
may deteriorate.

Therefore, the invention is constructed so that this ground
wire 14 is formed in a plate shape and also a circumferential
length is set at about (¥2)A of a working frequency and a
length of a width direction of the substrate 13 is set at about
(Y&)A or less. By this (for example, the shape shown in FIG. 2),
the peak of a current flowing through the ground wire 14 is
distributed and the current is passed in a longitudinal direc-
tion (downward direction) of a housing 10 of the power feed-
ing point side 12 and thereby, the SAR can be reduced further
(FIG. 11A).

Also, by this configuration, in a communication terminal
apparatus such as a mobile telephone in which miniaturiza-
tion and thinning are mainstream in recent years, a longitu-
dinal occupation width in the housing can be decreased in the
ground wire 14 and it is effective in the case of forming an IO
connector, a storage memory, etc. on an inside surface of the
housing.

According to the embodiment as described above, there
can be provided a communication terminal apparatus charac-
terized in that antenna gain at the time of a call can be
improved and simultaneously an SAR can be reduced and call
quality of the communication terminal apparatus can be
improved and also an influence on the human body by elec-
tromagnetic waves can be reduced and thinning can be
achieved in a small size.

In addition, the invention is not limited to the embodiment
described above, and can be implemented in various forms
without departing from the gist.

The invention has been described in detail with reference to
the specific embodiment, but it is apparent to those skilled in
the art that various changes or modifications can be made
without departing from the spirit and scope of the invention.

The present application is based on Japanese patent appli-
cation (patent application No. 2006-034059) filed on Feb. 10,
2006, and the contents of the patent application are hereby
incorporated by reference.

INDUSTRIAL APPLICABILITY

A communication terminal apparatus of the invention has
effects capable of improving antenna gain at the time of a call
and reducing an SAR having a medical influence on a user
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(human body) and achieving miniaturization and thinning of
a housing, and is useful in an improvement in call quality of
the communication terminal apparatus in actual use, a reduc-
tion in an adverse influence on the human body by electro-
magnetic waves, etc.

The invention claimed is:

1. A communication terminal apparatus comprising:

a substrate disposed inside a housing, the substrate includ-
ing a substrate surface occupying the most surface area
of any surface of the substrate;

a power feeding part disposed in the substrate; and

a monopole antenna having a first element configured to
resonate at first frequency, a second element configured
to resonate at second frequency and one end connected
to the power feeding part for feeding power to the first
element and the second element, wherein

the first element and the second element are substantially
perpendicular to the substrate surface, wherein

the communication terminal apparatus has a front surface
that faces a user when the terminal is placed adjacent the
user’s head during use and a back surface that faces away
from the user when the terminal is placed adjacent the
user’s head during use,

the first frequency is lower than the second frequency, and

at least a part of the first element is closer to the front
surface than the second element is to the front surface.

2. The communication terminal apparatus according to

claim 1, wherein

the substrate includes a right edge and an opposing left
edge each having a top end and a bottom end, a top edge
extending between the top end of the right edge and the
top end of the left edge, a bottom edge extending
between the bottom end of the right edge and the bottom
end of the left edge, and

the substrate surface is defined between the right edge, left
edge, top end and bottom end.

3. A communication terminal apparatus comprising:

a substrate disposed inside a housing, the substrate includ-
ing a substrate surface occupying the most surface area
of any surface of the substrate;

a power feeding part disposed in the substrate; and

a monopole antenna having a first element configured to
resonate at first frequency, a second element configured
to resonate at second frequency and one end connected
to the power feeding part for feeding power to the first
element and the second element, wherein

the first element and the second element are substantially
perpendicular to the substrate surface;

an open end between the first element and the second
element, wherein

the communication terminal apparatus has a front surface
that faces a user when the terminal is placed adjacent the
user’s head during use and a back surface that faces away
from the user when the terminal is placed adjacent the
user’s head during use, and

the open end being closer to the back surface than the open
end is to the front surface.

4. The communication terminal apparatus according to

claim 3, wherein

the substrate includes a right edge and an opposing left
edge each having a top end and a bottom end, a top edge
extending between the top end of the right edge and the
top end of the left edge, a bottom edge extending
between the bottom end of the right edge and the bottom
end of the left edge, and

the substrate surface is defined between the right edge, left
edge, top end and bottom end.
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5. A communication terminal apparatus comprising: the first element and the second element are substantially
perpendicular to the substrate surface.
6. The communication terminal apparatus according to
claim 5, wherein
5 the substrate includes a right edge and an opposing left

a substrate disposed inside a housing, the substrate includ-
ing a substrate surface occupying the most surface area
of any surface of the substrate;

apower feeding part disposed in the substrate; edge each having a top end and a bottom end, a top edge
a monopole antenna having a first element configured to extending between the top end of the right edge and the
resonate at first frequency, a second element configured top end of the left edge, a bottom edge extending
to resonate at second frequency and one end connected between the bottom end of the right edge and the bottom
to the power feeding part for feeding power to the first 10 end of the left edge, and
element and the second element; and the substrate surface is defined between the right edge, left

a ground wire electrically connected to a wireless ground edge, top end and bottom end.

on the substrate surface, wherein ® ok % % %
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LOW PROFILE, FOLDED ANTENNA
ASSEMBLY FOR HANDHELD
COMMUNICATION DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

BACKGROUND OF THE DISCLOSURE

1. Field of Technology

The present invention relates generally to antennas, and
more specifically to multiple frequency band antennas that
are particularly suited for use in wireless mobile communi-
cation devices, such as personal digital assistants, cellular
telephones, and wireless two-way email communication
devices.

2. Description of the Related Art

Different types of wireless mobile communication devices,
such as personal digital assistants, cellular telephones, and
wireless two-way email communication apparatus are avail-
able. Many of these devices are intended to be easily carried
on the person of a user, often fitting in a shirt or coat pocket.

The antenna assembly configuration of a mobile commu-
nication device can significantly affect the overall size or
footprint of the device. For example, cellular telephones typi-
cally have antenna assembly structures that support commu-
nication in multiple operating frequency bands, such as GSM
800 MHz/900 MHz/1800 MHz/1900 MHz bands, UMTS
2100 MHz band, and communication in the 5 GHz band. In
addition the mobile communication device often is capable of
interfacing with peripheral equipment using the 2450 MHz
band and wireless technology such as Bluetooth® (registered
trademark of Bluetooth Sig, Inc., Bellevue, Wash., USA).
Various types of antenna for mobile devices are used, such as
helical, “inverted F”, folded dipole, and retractable antenna
assembly structures, for example. Helical and retractable
antenna are typically installed outside a mobile device, and
inverted F antenna are usually located inside of a case or
housing of a device. Generally, internal antenna are used
instead external antenna for mobile communication devices
for mechanical and ergonomic reasons. Internal antenna are
protected by the case or housing of the mobile device and
therefore tend to be more durable than external antenna.
External antenna also may physically interfere with the sur-
roundings of a mobile device and make a mobile device
difficult to use, particularly in limited-space environments.

In some types of mobile communication devices, however,
known internal structures and design techniques provide rela-
tively poor communication signal radiation and reception, at
least in certain operating positions. One of the biggest chal-
lenges for mobile device design is to ensure that the antenna
assembly operates eftectively for various applications, which
determines antenna assembly position related to human body.
Typical operating positions of a mobile device include, for
example, a data input position, in which the mobile device is
held in one or both hands, such as when a user is entering a
telephone number or email message; a voice communication
position, in which the mobile device may be held next to a
user’s head and a speaker and microphone are used to carry on
a conversation; and a “set down” position, in which the
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mobile device is not in use by the user and is set down on a
surface, placed in a holder, or held in or on some other storage
apparatus. In these positions, parts of a users body and other
ambient objects can block the antenna assembly and degrade
its performance. Known internal antennas, that are embedded
in the device housing, tend to perform relatively poorly, par-
ticularly when a mobile device is in a voice communication
position. Although the mobile device is not actively being
employed by the user when in the set down position, the
antenna assembly should still be functional at least receive
communication signals.

The desire to maintain the configuration of the mobile
communication device to a size that conveniently fits into a
hand of the user, presents a challenge to antenna assembly
design. This presents a tradeoff between the antenna assem-
bly performance, which dictates a relatively larger size, and
the available space for the antenna assembly within the
device. Larger internal antenna assembly assemblies often
directly affect the thickness of the mobile communication
device.

Therefore, it is desirable to reduce the thickness of the
antenna assembly so that the mobile communication device
can be made as slim as possible.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a mobile wireless
communication device;

FIG. 2 is a schematic block diagram of the electronic
circuitry for the mobile wireless communication device;

FIG. 3 is a perspective view from above a dielectric sub-
strate on which an antenna assembly of the communication
device is mounted;

FIG. 4 is another perspective view from above a dielectric
substrate;

FIG. 5 is a perspective view from below the dielectric
substrate;

FIG. 6 is an enlarged perspective view from a first angle,
showing three surfaces of a support on which the antenna
assembly is formed;

FIG. 7 is an enlarged perspective view from a second first
angle showing the details of three surfaces of the support; and

FIG. 8 is an enlarged perspective view from beneath the
dielectric substrate and the support.

DETAILED DESCRIPTION OF THE INVENTION

The present antenna assembly is specially adapted for use
in mobile wireless communication devices, such as personal
digital assistants, cellular telephones, and wireless two-way
email communication devices, and for brevity those mobile
wireless communication devices are referred to herein as
“mobile devices” and individually as a “mobile device”. Fur-
thermore, the present antenna assembly will be described in
the specific context of use as part of a cellular telephone.

Referring initially to FIGS. 1 and 2, a mobile device 20,
such as a mobile cellular device, illustratively includes a
housing 21, which can be a static, a flip or sliding type hous-
ing similar to those used in many cellular telephones. Never-
theless, those and other housing configurations also may be
used.

The housing 21 contains a main dielectric substrate 22,
such as a printed circuit board (PCB) substrate, for example,
on which is mounted the primary circuitry 24 for mobile
device 20. That primary circuitry 24, as shown in greater
detail in FIG. 2, typically includes a microprocessor 25,
memory that includes a random access memory (RAM) 26
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and a flash memory 27 which provides non-volatile storage. A
serial port 28 constitutes a mechanism by which external
devices, such as a personal computer, can be connected to the
mobile device 20. A display 29 and a keyboard 30 provide a
user interface for controlling the mobile device.

An audio input device, such as a microphone 31, and an
audio output device, such as a speaker 33, function as an audio
interface to the user and are connected to the primary circuitry
24. A battery 23 is carried within the housing 21 for supplying
power to the internal components.

Communication functions are performed through a radio
frequency circuit 34 which includes a wireless signal receiver
36 and a wireless signal transmitter 38 that are connected to a
multiple frequency band antenna assembly 40. The antenna
assembly 40 is carried within the lower portion of the housing
21 which advantageously increases the distance between the
antenna assembly and the user’s head when the phone is in
use to aid in complying with applicable SAR requirements.
The antenna assembly will be described in greater detail
subsequently herein.

The radio frequency circuit 34 also includes a digital signal
processor (DSP) 42 and local oscillators (LOs) 44. The spe-
cific design and implementation of the radio frequency circuit
34 is dependent upon the communication network in which
the mobile device 20 is intended to operate. For example a
device destined for use in North America may be designed to
operate within the Mobitex™ mobile communication system
or DataTAC™ mobile communication system, whereas a
device intended for use in Europe may incorporate a General
Packet Radio Service (GPRS) communication subsystem.

When required network registration or activation proce-
dures have been completed, the mobile device 20 sends and
receives signals over the communication network 46. Signals
received by the multiple frequency band antenna assembly 40
from the communication network 46 are input to the receiver
36, which performs signal amplification, frequency down
conversion, filtering, channel selection, and analog-to-digital
conversion. Analog-to-digital conversion of the received sig-
nal allows the DSP 42 to perform more complex communi-
cation functions, such as demodulation and decoding. In a
similar manner, signals to be transmitted are processed by the
DSP 42 and sent to the transmitter 38 for digital-to-analog
conversion, frequency up-conversion, filtering, amplification
and transmission over the communication network 46 via the
antenna assembly 40.

The mobile device 20 also may comprise one or auxiliary
input/output devices 48, such as, for example, a WLAN (e.g.,
Bluetooth®, IEEE. 802.11) antenna assembly and circuits for
WLAN communication capabilities, and/or a satellite posi-
tioning system (e.g., GPS, Galileo, etc.) receiver and antenna
assembly to provide position location capabilities, as will be
appreciated by those skilled in the art. Other examples of
auxiliary /0 devices 48 include a second audio output trans-
ducer (e.g., a speaker for speakerphone operation), and a
camera lens for providing digital camera capabilities, an elec-
trical device connector (e.g., USB, headphone, secure digital
(SD), or a memory card, etc.).

Structures for the antenna assembly 40 described herein
are sized and shaped to tune the antenna assembly for opera-
tion in multiple frequency bands. In an embodiment of the
invention described in detail below, the multi-band antenna
assembly includes structures that are primarily associated
with different operating frequency bands thereby enabling
the antenna assembly to function as the antenna assembly in
a multiple band mobile device. For example, a multiple-band
antenna assembly 40 is adapted for operation at the Global
System for Mobile communications (GSM) 900 MHz fre-
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quency band and the Digital Cellular System (DCS) fre-
quency band. Those skilled in the art will appreciate that the
GSM-900 band includes a 880-915 MHz transmit sub-band
and a 925-960 MHz receive sub-band. The DCS frequency
band similarly includes a transmit sub-band in the 1710-1785
MHz range and a receive sub-band in the 1805-1880 MHz.
range. The antenna assembly 40 also functions in the Univer-
sal Mobile Telecommunications System (UMTS) 2100 MHz
band and function in the 5 GHz band. The mobile device 20
also may be capable of interfacing with peripheral equipment
using the Bluetooth® protocol in the 2450 MHz band. It will
be appreciated by those skilled in the art that these frequency
bands are for illustrative purposes only and the basic concepts
of the present antenna assembly can be applied to operate in
other pairs of frequency bands.

With reference to FIGS. 3, 4 and 5, the electrically non-
conductive substrate 22 on which the electronic circuitry for
the mobile device is formed comprises a flat sheet of dielec-
tric material of a type conventionally used for printed circuit
boards. The dielectric substrate may be made of FR-4 lami-
nate, which is a continuous glass-woven fabric impregnated
with an epoxy resin binder. For example, the dielectric sub-
strate is 1.5 mm thick and has a length and width that are
dictated by the size of the mobile device housing 21 and the
components of the device. Instead of being flat, the dielectric
substrate 22 may be contoured to fit the interior shape of the
housing 21. The dielectric substrate 22 has a first major sur-
face 50 with one or more layers of conductive patterns to
which circuit components are connected by soldering, for
example. An opposite second major surface 51 of the dielec-
tric substrate 22 has a layer 52 of conductive material, such as
copper, applied thereto. The conductive layer 52 extends over
the majority of the second major surface 51, except for a
portion that is adjacent the antenna assembly 40 mounted at
one corner of the dielectric substrate 22. The conductive layer
52 forms a ground plane for the mobile device 20.

The multiple frequency antenna assembly 40 comprises
specific electrically conductive patterns on surfaces of a rect-
angular polyhedron which forms the support 54 of the
antenna assembly. In one embodiment, the antenna assembly
support 54 is constructed of a dielectric material similar to
that of the substrate 22. The substrate 22 is sandwiched
between two portions 55 and 56 of the rectangular polyhedron
support 54. As an example of a specific configuration, the
rectangular polyhedron support 54 is 7.5 mm high including
the thickness of the substrate 22 wherein each portion 55 and
56 of the support extends 3.0 mm away from the respective
surface 50 and 51 of the 1.5 mm thick substrate 22. In this
example, the antenna assembly support 54 a solid body that is
approximately 20 mm long and 9 mm wide with a slot into
which the dielectric substrate 22 is secured. Alternatively, the
antenna assembly support 54 is hollow being fabricated of
panels of dielectric material that are 1.5 mm thick and secured
together at their edges and to the major surfaces 50 and 51 of
the dielectric substrate 22 using appropriate means, such as an
adhesive.

With reference to FIGS. 6-8, the six-sided rectangular
polyhedron support 54 has a first side 61, a second side 62, a
third side 63, and a fourth side 64, all of which extend between
a fifth side 65 and a sixth side 66. The fifth side 65 is spaced
from and parallel to the first major surface 50 of the dielectric
substrate 22 and the sixth side 66 is spaced from and parallel
to the second major surface 51. The antenna assembly support
54 may be located at one corner of the dielectric substrate 22
with the first and second sides 61 and 62 being flush with and
incorporating a portion of two edges of that substrate. The
major surfaces of the substrate 22 abut the third side 63 of the
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support, thereby defining a first section 68 of that side which
is adjacent to and extends away from the first major surface 50
and defining a second section 70 adjacent to and extending
away from the second major surface 51, as specifically seen in
FIGS. 7 and 8. A link section 72 of the third side 63 connects
the first and second sections 68 and 70. In a similar manner,
the major surfaces of the substrate 22 extend across the entire
length of the fourth side 64 dividing that side into a third
section 74 and a fourth section 76, as shown in FIG. 6. The
third section 74 of the fourth side 64 abuts and extends away
from the first major surface of the dielectric substrate 22,
while the fourth section 76 abuts and extends away from the
second major surface 51. If the support 54 is hollow, the
fourth side of the support is open on one or both sides of the
dielectric substrate 22.

An electrically conductive stripe 80 forms an antenna ele-
ment that wraps around the support 54 and comprises a plu-
rality of segments on the different sides of that support. The
conductive stripe and other conductive members are formed
by applying a layer of conductive material, such as copper, to
the entirety of the respective surface of the antenna assembly
support 54 and then using a photolithographic process to etch
away the conductive material from areas of that surface where
a conductive part is not desired.

Referring to FIGS. 6 and 7, the conductive stripe 80 has a
straight first segment 81 on the fifth side 65 and extending
parallel and adjacent to the fourth side 64 from an end 82 at
approximately the midpoint of length of the fifth side to an
edge which abuts the third side 63. The end 82 of the first
segment 81 is connected by a terminal strip 83 that extends
across the third section 74 of the fourth side 64 and onto the
first major surface 50 of the dielectric substrate 22. This
terminal strip 83 provides a feed connection by which the
antenna assembly is connected to the radio frequency circuit
34in FIG. 2. If the fourth side of the support is open, a wire or
other conductor is used to electrically connect the end 82 of
the first segment 81 to the radio frequency circuit 34 on the
dielectric substrate 22.

At the edge between the third and fifth sides 63 and 65 of
support 54 as seen in FIGS. 7 and 8, the first segment 81 of
conductive stripe 80 is connected to one end of a U-shaped
second segment 84 on the third side. Specifically, the second
segment 84 extends along the first section 68, the link section
72, and the second section 70 of the third side 63 of the
support 54. At the opposite end of the U from connection to
the first segment 81, the second segment 84 is coupled to a
third segment 86 that is applied to the sixth side 66 (see F1G.
8). The third segment 86 has an [.-shape comprising a first leg
87 that extends from the connection to the second segment 84
along the edge of the sixth side 66 which abuts the fourth side
64 to approximately a mid-point along the length of the sixth
side. At that mid-point, a second leg 88 of the third segment 86
extends orthogonally from the first leg 87 terminating at the
edge of the sixth side 66 that abuts the second side 62.

At that latter edge shown in FIG. 8, the third segment 86 is
connected to a fourth segment 90 which is on the second side
62 of the antenna assembly support 54. The fourth segment 90
has a U-shape, which as in the illustrated orientation of the
device is an inverted U-shape. One end of this U is connected
to the terminus of the second leg 88 of the third segment 86
and extends upward to the edge of the second side 62 that
abuts the fifth side 65. From that point, the fourth segment 90
extends along the second side edge to another edge that abuts
the first side 61, at which point the fourth segment turns
downward terminating at the edge of the second side 62 that
abuts the sixth side 66. From that terminus of the fourth
segment 90, the conductive stripe 80 continues with a fifth
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segment 92 that is applied to the sixth side 66 and which
extends parallel to the second leg 88 of the third segment 86.
The conductive stripe 80 terminates at opposite end of the
fifth segment 92.

Referring againto FIGS. 6 and 7, an electrically conductive
patch 94 is applied to the first and fifth sides 61 and 65
respectively. The patch 94 includes a rectangular conductive
area 96 comprising the entire surface of the first side 61. That
conductive area 96 is connected to an L-shaped strip 98 of the
patch 94 on the fifth side 65. The L-shaped strip 98 has a first
leg 97 that extends along a common edge between the first and
fifth sides 61 and 65 and is connected to the conductive area
96. A second leg 99 of the L-shaped strip 98 extends from the
firstleg 97 orthogonally to the common edge. The rectangular
conductive area 96 of the patch 94 also is electrically con-
nected to the fourth segment 90 at the edge where the first and
second surfaces abut, and to the fifth segment 92 at the edge
at which the first and sixth surfaces abut. The patch 94
improves the impedance matching of the antenna at low and
high frequency bands. The location and size of the patch 94
are chosen to optimize the antenna performance and to regain
the impedance match after reducing the effective antenna
height by folding the antenna around the dielectric substrate
22.

Thus the present antenna assembly 40 has sections on both
sides of the dielectric substrate 22 on which other compo-
nents of the electronic circuit are mounted. Dividing the
antenna assembly in that manner reduces the space required
within the device housing 21 and thus the overall thickness of
the mobile device 20, as compared to some prior designs.
Nevertheless this unique antenna assembly 40, by wrapping
the antenna element, provides an antenna that is sized to
operate over a plurality of frequency bands.

The foregoing description was primarily directed to one
embodiment of the invention. Although some attention was
given to various alternatives within the scope of the invention,
it is anticipated that one skilled in the art will likely realize
additional alternatives that are now apparent from disclosure
of embodiments of the invention. Accordingly, the scope of
the invention should be determined from the following claims
and not limited by the above disclosure.

The invention claimed is:

1. An antenna assembly for a mobile wireless communica-
tion device comprising: a substrate of electrically non-con-
ductive material having a first major surface and a second
major surface; a support abutting the substrate and having a
first side, a second side, a third side and a fourth side all
extending between a fifth side and a sixth side, wherein the
support has a first portion abutting and projecting away from
the first major surface and has a second portion abutting and
projecting away from the second major surface; and an elec-
trically conductive element having conductive segments on a
plurality of sides of the support frame; wherein the electri-
cally conductive element comprises a first segment on the
fifth side and extending parallel to the fourth side, a second
segment on the third side and connected to the first segment,
a third segment on the sixth side and connected to the second
segment, a fourth segment on the second side and connected
to the third segment, and a fifth segment on the sixth side and
connected to the fourth segment; wherein the second segment
has a U-shape extending around an edge of the substrate
between the first and second major surfaces, and having one
end connected to the first segment and another end connected
to the third segment.

2. The antenna assembly as recited in claim 1 wherein the
third segment of the electrically conductive element has an
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L-shape with one end connected to the second segment and
another end connected to the fourth segment.

3. The antenna assembly as recited in claim 1 wherein the
fourth segment has a U-shape with one end connected to the
third segment and another end connected to the fifth segment.

4. The antenna assembly as recited in claim 1 further com-
prising an electrically conductive patch on the fifth side.

5. The antenna assembly as recited in claim 1 further com-
prising an electrically conductive patch on the first side.

6. The antenna assembly as recited in claim 1 further com-
prising an electrically conductive patch comprising a conduc-
tive area on the first side and connected to an L-shaped con-
ductive area on the fifth side.

7. The antenna assembly as recited in claim 1 wherein the
third side of the support has a first section on one side of the
substrate and a second section on an opposite side of the
substrate, and the second segment covers substantially all
exposed areas of the third side.

8. The antenna assembly as recited in claim 1 further com-
prising a terminal strip on the support and connected proxi-
mate to one end of the electrically conductive element for
coupling to a radio frequency circuit.

9. The antenna assembly as recited in claim 1 wherein the
support is solid.

10. The antenna assembly as recited in claim 1 wherein the
substrate further comprises a layer of electrically conductive
material on a portion of the second major surface and spaced
from the support.

11. An antenna assembly for a mobile wireless communi-
cation device comprising: a substrate of electrically non-
conductive material having a first major surface and a second
major surface, and having a layer of conductive material on a
first portion of the second major surface; a support having a
first side, a second side, a third side and a fourth side all of
which extend between a fifth side and a sixth side, wherein the
substrate abuts the support thereby dividing the third side into
a first section on one side of the substrate adjacent the first
major surface and a second section on an opposite side of the
substrate adjacent the second major surface, and dividing the
fourth side into a third section adjacent the one side of the
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substrate and a fourth section adjacent the opposite side of the
substrate; and an electrically conductive stripe on sides of the
support and comprising a first segment on the fifth side and
extending from and orthogonal to an edge of the third side, a
second segment on both the first and second sections of the
third side and connected to the first segment, a third segment
on the sixth side and connected to the second segment, a
fourth segment on the second side and connected to the third
segment, and a fifth segment on the sixth side and connected
to the fourth segment; and a conductive patch comprising a
first conductive region on the first side and a second conduc-
tive region on the fifth side and connected to the first conduc-
tive region.

12. The antenna assembly as recited in claim 11 wherein
second conductive region of the conductive patch has an
L-shape with a first leg connected to the first section and a
second leg extending from the first leg.

13. The antenna assembly as recited in claim 11 wherein
the second segment has a U-shape with one end connected to
the first segment and another end connected to the third seg-
ment.

14. The antenna assembly as recited in claim 11 wherein
the second segment covers substantially all exposed areas of
the third side of the support.

15. The antenna assembly as recited in claim 11 wherein
the third segment of the electrically conductive stripe has an
L-shape with one end connected to the second segment and
another end connected to the fourth segment.

16. The antenna assembly as recited in claim 11 wherein
the fourth segment has a U-shape with one end connected to
the third segment and another end connected to the fifth
segment.

17. The antenna assembly as recited in claim 11 further
comprising a terminal strip on the support and connected to
the first segment for coupling the electrically conductive
stripe to a radio frequency circuit.

18. The antenna assembly as recited in claim 11 wherein
the layer of conductive material on a portion of the second
major surface is spaced from the support.

#* #* #* #* #*
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SUBSTRATE PROVIDED WITH AN
ELECTROCONDUCTIVE ELEMENT HAVING
AN ANTENNA FUNCTION

TECHNICAL FIELD

The invention relates to a substrate that includes at least one
electrically conducting element which provides an antenna
function in order to transmit and/or receive electromagnetic
signals.

BACKGROUND

Among known substrates that include electrically conduct-
ing elements are window panes, widely used in the automo-
tive field. The electrically conducting elements are usually
employed as heating tracks, especially on rear windows, but
they may also be placed on a window pane in order to provide
an alarm and/or an antenna function thereat.

In practice, the electrically conducting elements consist of
metal wires that are formed on an industrial scale by conven-
tional screen-printing of an electrically conducting paste,
forming a predetermined pattern, and by firing this paste.

The pattern gives the elements a precise width and a precise
thickness depending on the final function of said elements, for
example in relation to the desired impedance of an antenna.

Owing to the useful functions (heating, antenna, alarm)
provided by these conducting elements, their number on a
given window pane has been increasing in recent years, which
can pose space constraint and visibility problems. Thus, when
the tracks are located in the field of view of the window pane,
they are clearly visible from the inside, which may impede the
driver, and possibly from the outside, which impairs the aes-
thetics of the vehicle.

Thus, for a few years now, conducting elements have
instead been produced in the form of transparent metal films
that are etched or cut into the desired pattern.

Moreover, although several years ago an antenna was dedi-
cated only to receiving radio waves, the growing technology
in the telecommunications field is increasingly dictating the
provision of antennas endowed with various types of trans-
mission and/or reception characteristics, such as GPS, mobile
telephony, etc.

Thus, a vehicle is presently provided with conventional
receive antennas, such as conducting wires placed on the rear
windows, and with more specific antennas, such as for GPS
systems, mobile telephony systems, telepayment systems,
etc., which consist of wire antennas or antennas configured in
the form of patches and placed for example on the roof of the
vehicle, or which consist of transparent conducting films
deposited on the window panes.

Since all these applications do not operate at the same
frequency, it is necessary to configure a specific antenna for
each application. This does not simplify the manufacture of a
vehicle and represents additional production and vehicle
incorporation costs.

A new type of antenna has recently appeared on the market,
called a fractal antenna, which makes it possible with a single
device to operate over one or more frequency bands and
which also is miniaturized.

A fractal antenna has a pattern with a fractal geometry, that
is to say a base pattern that is repeated several times, possibly
on a different and homothetic size scale, so as to cover one or
more frequency bands.

U.S. Pat. No. 6,300,914 for example describes a fractal
antenna in the form of a loop that is 5 to 10 times smaller than
an equivalent low-frequency conventional antenna. This
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antenna is for example formed by a conducting film deposited
on a substrate and cut to the desired shape.

Various shapes of antennas having a fractal geometry may
be envisaged. Patent application WO 02/01668 thus discloses
various patterns, such as triangular, Hilbert curve, Von Koch
snowflake and Sierpinski carpet patterns, or a combination of
these patterns, the antennas being obtained from conducting
films formed on substrates.

These fractal antennas formed by transparent films may
also be incorporated into window panes by being deposited
on supports, for example flexible plastic films, which are then
laminated between two substrates to form the window pane.
Document U.S. Pat. No. 6,552,690 shows this type of window
pane. However, such a manufacturing process remains com-
plicated to implement.

Such antennas formed on rigid supports, such as plastic
supports, but incorporated into rearview mirror assemblies,
thus eliminating from view the conventional antennas placed
on the roof, are also known.

SUMMARY

The object of the invention is to use this new technology of
fractal antennas to provide operation over a wider frequency
range, benefiting from a miniaturized size, the production of
these antennas having to be simple to implement and having
to allow them to be incorporated easily and quickly into the
end-use device.

According to the invention, the substrate is rigid and com-
prises at least one electrically conducting element that pro-
vides an antenna function in order to transmit and/or receive
electromagnetic signals, the electrically conducting element
being formed from an electrically conductive material and
having a pattern with a fractal geometry, the substrate being
characterized in that the electrically conducting element is
formed by an electrically conductive ink or an electrically
conductive enamel, and is printed directly on the substrate.

The term “rigid substrate” is understood to mean a sub-
strate exhibiting inherent mechanical strength so that it does
not collapse when it is placed vertically on its edge.

Combining an antenna of fractal geometry with a rigid
substrate, such as a window pane, has many advantages that
are associated with the small size of the antenna, with the type
of substrate used, which supports the antenna and here con-
sists of said rigid substrate, with the manner in which this
antenna is combined, namely by printing on the substrate, and
with the type of conductive material (ink or enamel).

Although the conductive material used is well known for
standard antennas of quite large dimensions compared with
the window pane incorporating it, thereby having visibility
and frequency range limitation drawbacks, it is not obvious
that this material can also be used for antennas of much
smaller size and exhibiting fractal geometries.

As regards miniaturization of the antenna, the following
advantages may in particular be mentioned:

great flexibility in patterns of the antenna, its dimensions
and its shape, while permitting operation over one or
more frequency bands;

a reduction in the area occupied compared with conven-
tional antennas of the prior art in particular a length
divided by at least 2;

the possibility of printing a number of fractal antennas on
the same substrate without thereby covering a large area
of the substrate;

the possibility of positioning the antenna at various points
on the substrate so as to be substantially concealed, for
example near a marking element, or hidden behind the
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mount for the interior rearview mirror or of the rain
sensor for a vehicle window pane; and

the possibility of choosing the most appropriate location on

the window pane according to the shape, size and cur-
vature of the window pane.
Printing the antenna directly on the rigid substrate that is in
particular intended to be used as a visible substrate, for
example a transparent window, offers in particular the follow-
ing advantages:
greater effectiveness than on plastic substrates that are then
incorporated in a concealed manner in the vehicle acces-
sories, the antenna placed on a visible substrate such as
awindow pane being closer to the exterior environment;

the elimination of externally visible antennas positioned
for example on the roof of the vehicle;

the possibility of using the printed antenna as an attractive

element of the current window pane around the marking
element;
the possibility of adapting the antenna model, one part
possibly constituting an antenna of fractal geometry
while the other part possibly being a standard antenna;

areduction in the weight of the antenna and a reduction in
the manufacturing and vehicle incorporation costs, since
it is unnecessary to have intermediate supports for the
antenna, as in the prior art;

the rigid substrate, which already constitutes a device for

incorporating various functionalities, thus provides an
additional functionality with ease and without any
impediment. This type of antenna gives a window pane
added value;

for a vehicle window, the assurance of effective protection

against vandalism, as the antenna is incorporated into
the window pane and therefore into the vehicle, and not,
as in the prior art, fitted in an accessory easily accessible
for violating; and

improved durability, since, for a vehicle window pane

application, the antenna is placed inside the vehicle and
therefore not exposed to external environmental
stresses.

As regards deposition of the antenna by printing, this
makes it possible to use any type of rigid substrate, irrespec-
tive ofits colour or its thickness, and to easily adapt the colour
of'the conductive material to be deposited so as to harmonize
with the colour of the window pane and/or of the vehicle.

In addition, the manufacturing costs of the antenna and its
incorporation into its final application are not particularly
increased since printing on the rigid substrate is directly
incorporated into the manufacture of the final product such as
a window intended to be mounted in a vehicle. By printing
with an enamel or an ink, it is possible easily to control the
necessary density of the material (thickness, width) in order
to provide the suitable antenna pattern.

According to one printing embodiment, the electrically
conductive material is screen-printed.

According to another embodiment, the electrically con-
ductive material is printed by an ink or enamel jet, without the
use of a mask, but using suitable tools to ensure pattern
exactitude and precision.

According to yet another embodiment, the electrically con-
ductive material is printed by applying it through a mask, the
application being carried out by spraying, or with the aid of a
roll or using a continuous ink or enamel jet curtain.

According to yet another variant, the electrically conduc-
tive material is printed by electrophotography.

Moreover, the substrate has no protective coating for the
antenna. The term “coating” is understood to mean any layer
or film that would be combined with the substrate, coating the
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antenna directly. This is because the ink or enamel associated
with the rigid substrate has the advantage of requiring no
protective coating.

The rigid substrate corresponds to any material suitable for
printing with enamel or ink, for example glass, whether this
be a mineral glass or an organic glass such as polycarbonate
or polymethyl methacrylate.

Advantageously, the ink or enamel is more resistant when
it is fired during a heat treatment on the substrate, which is
then made of glass, for example when the glass substrate has
to undergo a toughening and/or bending operation.

According to one feature, the material includes electrically
conducting elements with a weight content between 60% and
80%. For example, the conductive enamel is a silver-based
paste.

The substrate may have, over at least part of its surface, for
example over all or part of its periphery and as border, a black
enamel on which the electrically conducting antenna element
is printed. Thus, the antenna may be concealed from view
when an observer looks through the substrate from the oppo-
site side from that bearing the black enamel.

Advantageously, the substrate may be a transparent view-
ing means.

The substrate is intended in particular to constitute at least
one sheet of mineral or organic glass of a window pane,
especially a window pane that has undergone a heat treatment
ifitis made of' mineral glass, for the purpose of use in a means
of'locomotion or in a building.

Without being restrictive, the following means of locomo-
tion may be considered: motor vehicles, aircraft, trains, etc.

The use of antennas in buildings is finding increasing appli-
cations in the current telecommunications technology, the
window pane constituting, both on the outside and on the
inside of the building, a functional use other than the primary
function of a transparent means of vision.

Since the antenna is applied directly to the substrate, such
as asheet of glass, this may then be used in the desired manner
forits intended application, both for forming monolithic glaz-
ing and for manufacturing laminated glazing or insulating
glazing (whether the antenna is facing the gas layer or away
from it).

The invention also proposes a novel use of electrically
conducting ink or an electrically conducting enamel for form-
ing at least one antenna on a rigid substrate, characterized in
that the antenna has a fractal geometry.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will now be
described with regard to the figures in which:

FIG. 1 is a schematic view of a substrate according to the
invention;

FIG. 2 is a detailed view of the antenna of the substrate
according to one configuration example; and

FIGS. 3 and 4 are schematic views of other embodiments of
a substrate according to the invention.

DETAILED DESCRIPTION

FIG. 1 illustrates a window pane 1 comprising a glass
substrate 10 that has undergone a heat treatment and includes
an antenna structure 2 according to the invention.

The substrate could just as well be made of polycarbonate
or polymethyl methacrylate, which are rigid plastics suitable
in particular for receiving conductive ink or paste, especially
by screen printing.
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The window pane is intended to be used for example in a
motor vehicle, as a windscreen, rear window, side window,
roof or rearview pane. The shape illustrated here is sche-
matic—any shape of window pane or glazed wall, which is
adapted to the device for which the window pane or wall is
intended, is conceivable.

The antenna structure 2 is an antenna with a fractal geom-
etry (FIG. 2). This antenna comprises an electrically conduct-
ing element 20 in the form of segments arranged in series and
in parallel, in such a way that they form a pattern that repeats
itself several times, possibly on different and homothetic size
scales.

The pattern shown in FIG. 2 is one example. Other patterns
may be envisaged, suitable for the positioning of the antenna
on the window pane or for the application for which the
antenna is intended.

The particular feature of'this antenna is to be able to operate
over a number of frequency bands, while still being small in
size. Thus, for example using an area of around 10 to 50 cm?,
it occupies only a small part of the window pane, unlike the
standard antennas.

In the case of the exemplary embodiment shown, the
antenna is installed on the edge of the window pane, but
obviously it can be installed at any other point on the window
pane, and preferably at a point where it functions most appro-
priately.

Once it has been fitted into the receiving device, the win-
dow pane has the antenna on its internal face, that exposed to
the interior of the device, for example the interior of the
vehicle.

Asusual for a vehicle window pane, this is provided with a
black enamel 11 placed as a border of the window pane or
over its entire periphery. The conductive material of the
antenna 2 is for example made of an enamel of different
colour and can be deposited on the black enamel or on the
transparent surface of the window pane.

The window pane may include several fractal antennas.
These antennas may be placed at several points on the win-
dow pane.

It is also possible to produce a geometric shape consisting
of'a plurality of conducting elements 20, which, when butted
together, provide one or more antennas the electrical conduc-
tor length of which may be tailored to the targeted frequency
range(s) for the use of such antennas. Thus, it is possible to
envisage an antenna running along a part, or even all, of the
periphery of the window pane, while still being of small
width, not exceeding 7 cm for example, as it is possible in
particular to be concealed by the black enamel 11 on the
border of the window pane. FIG. 3, which is again schematic
as regards the shape of the antenna, is thus an example of this.

The same window pane may include, as can be seen in FIG.
4, at least one fractal antenna 2 and a standard antenna 3.

The conducting element 20 is made of an electrically con-
ducting ink or paste to be fired, such as a silver-based mate-
rial, with a weight content between 60% and 80%.

Preferably, the material has a resistance of less than 10
ohms/m. The resistivity of the material is preferably about 5
nL2-cm so as to allow, after firing, better brazing for connect-
ing the antenna to a current lead conductor (not shown here).

The material is preferably applied by screen printing on the
surface of the glass and is fired in the surface of the glass
during the thermal forming process.

In other alternative ways of printing the material, the con-
ducting ink or enamel is applied through an appropriately
patterned mask, by various methods such as by spraying, by
the use of a roll or by sending a continuous ink jet curtain.
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It is also possible to use an ink or enamel jet without the
need for a mask, the tools employed being suitable for ensur-
ing the exactitude and precision of the desired pattern.

Finally, another method consists of electrophotography.

Within the context of printing by screen printing, the screen
employed may be obtained by the photographic technique,
known per se, which consists in covering the surface of the
screen with a layer or film of photocrosslinkable resin and in
projecting a transparency so as to reproduce the printing
pattern on the screen.

The nature of the constituent threads of the screen is pref-
erably polyester, and each thread consists of a single thread
with a diameter of between 40 and 80 pm.

The squeegee that allows the paste to be pressed through
the screen-printing screen may be a standard squeegee having
a right-angled, bevelled or rounded printing edge. Preferably,
the squeegee is made of a material of the polymer type, for
example a polyurethane, having a Shore A hardness between
65 and 85.

Screen printing allows the thickness and the width of the
conducting elements to be optimally adjusted. After firing,
the elements have in particular a thickness of less than 5 pm
and a width of around 0.5 mm.

In the case of a window pane provided with a transparent
electrically conducting film, such as one that reflects infrared
radiation, the fractal antenna will have to be deposited on a
surface of the substrate from which the transparent conduct-
ing film has been removed.

The invention claimed is:
1. A rigid substrate comprising:
at least one electrically conducting element that provides
an antenna function to transmit and/or receive electro-
magnetic signals, the at least one electrically conducting
element being formed from an electrically conductive
material and including a pattern with a fractal geometry,

wherein the at least one electrically conducting element
includes an electrically conductive enamel, which is
printed directly on the substrate.

2. A substrate according to claim 1, wherein the electrically
conductive material is screen-printed.

3. A substrate according to claim 1, wherein the electrically
conductive material is printed by an enamel jet without use of
a mask.

4. A substrate according to claim 1, wherein the electrically
conductive material is printed by applying the electrically
conductive material through a mask, via spraying, or with aid
of'a roll, or using a continuous enamel jet curtain.

5. A substrate according to claim 1, wherein the electrically
conductive material is printed by electrophotography.

6. A substrate according to claim 1, wherein the substrate
has no protective coating for the at least one electrically
conducting element.

7. A substrate according to claim 1, wherein the substrate is
made of glass.

8. A substrate according to claim 1, wherein the substrate is
made of polycarbonate or polymethyl methacrylate.

9. A substrate according to claim 1, wherein the enamel is
fired on the substrate during a heat treatment.

10. A substrate according to claim 1, wherein the electri-
cally conductive material includes electrically conducting
components with a weight content between 60% and 80%.

11. A substrate according to claim 1, wherein the conduc-
tive enamel is a silver-based paste.

12. A substrate according to claim 1, further comprising,
over at least part of its surface, a black enamel on which the at
least one electrically conducting element is printed.
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13. A substrate according to claim 1, comprising a plurality
ofelectrically conducting elements having a fractal geometry
to form a plurality of fractal antennas.

14. A substrate according to claim 1, further comprising at
least one standard antenna.

15. A substrate according to claim 1, wherein the substrate
is a transparent means of vision.

16. A substrate according to claim 1, wherein the substrate
is at least one sheet of mineral or organic glass of a window
pane.

17. A substrate according to claim 16, wherein the window
pane is incorporated into a locomotion device or a motor
vehicle.

18. A substrate according to claim 16, wherein the window
pane is incorporated into a building wall.

19. A laminated or insulated glazing comprising the sub-
strate of claim 1.

20. An antenna on a rigid substrate, comprising:

electrically conductive enamel forming at least one

antenna on the rigid substrate,

wherein the at least one antenna has a fractal geometry.

20

8

21. The antenna according to claim 20, wherein the rigid
substrate includes, over at least part of a surface thereof, a
black enamel on which the at least one antenna is printed.
22. The antenna according to claim 20, wherein the rigid
substrate includes at least one sheet of mineral or organic
glass of a window pane for a locomotion device or a building.
23. A rigid substrate comprising:
at least one electrically conducting element that provides
an antenna function to transmit and/or receive electro-
magnetic signals, the at least one electrically conducting
element including an electrically conductive material
and being disposed in a pattern with a fractal geometry,

wherein the at least one electrically conducting element
includes an electrically conductive ink, which is printed
directly on the substrate, and

wherein the electrically conductive material includes elec-

trically conducting components with a weight content
between 60% and 80%.
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LOW-PROFILE WIDE-BANDWIDTH RADIO
FREQUENCY ANTENNA

This application claims the benefit of provisional patent
application Ser. No. 61/050,028, filed May 2, 2008, the dis-
closure of which is hereby incorporated herein by reference in
its entirety.

FIELD OF THE INVENTION

Embodiments of the present invention relate to radio fre-
quency (RF) antennas, which may be used in RF communi-
cations systems.

BACKGROUND OF THE INVENTION

As technology progresses, wireless devices tend toward
smaller sizes and wireless communications protocols become
increasingly sophisticated. Support for multiple communica-
tions bands with wider bandwidths in a single device is
becoming available. For example, the Institute for Electrical
and Electronics Engineers (IEEE) 802.11n wireless commu-
nications standard specifies support for wireless communica-
tions using a first communications band between about 2.4
gigahertz (GHz) and about 2.4835 GHz, and a second com-
munications band between about 4.9 GHz and 5.825 GHz.
Therefore, the second communications band has a bandwidth
of about 17.25%.

A wireless local area network (WLAN) access point may
be installed in a hot spot to provide wireless access to end
users. The WL AN access point may need to be compact for
ease and flexibility of installation. Therefore, any radio fre-
quency (RF) antennas installed in the WLAN access point
may have significant size and dimension restrictions. For
example, any RF antenna in a WLAN access point may be
restricted in height to about 12 millimeters (mm). Addition-
ally, the WLAN access point may be a multiple-input mul-
tiple-output (MIMO) WLAN access point, which utilizes
multiple antennas. Therefore, the RF antennas in a MIMO
WLAN access point may have additional size and dimension
restrictions, and may need to be of reasonable cost. If a
WLAN access point supports communications using the
IEEE 802.11n communications protocol, an RF antenna in
the WL AN access point may need to support the 2.4 GHz to
2.4835 GHz communications band, the 4.9 GHz and 5.825
GHz communications band, or both. Further, if a MIMO
WLAN access point supports communications using the
IEEE 802.11n communications protocol, one or more RF
antennas in the access point may be a single band antenna for
isolation from other bands, or one or more RF antenna in the
access point may support two or more communication bands
to minimize the number of RF antennas. Thus, there is a need
for an RF antenna that is small, cost effective, wide band-
width, dual band, or any combination thereof.

SUMMARY OF THE EMBODIMENTS

The present invention relates to an RF antenna structure
that includes a planar structure and a loading plate, such that
the planar structure is mounted between a ground plane and
the loading plate to form an RF antenna. The loading plate
may be about parallel to the ground plane and the planar
structure may be about perpendicular to the loading plate and
the ground plane. The loading plate may allow the height of
the RF antenna structure above the ground plane to be rela-
tively small. For example, the height may be significantly less
than one-quarter of a wavelength of RF signals of interest.
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The planar structure may include two conductive matching
elements to help increase the bandwidth of the RF antenna
structure. In one embodiment of the present invention, the
bandwidth of the RF antenna may be greater than about 15
percent of the center frequency of a communications band of
interest.

All or part of the RF antenna structure may include metal
rods, stamped metal, printed circuits, or any combination
thereof. In one embodiment of the present invention, the RF
antenna is a single band RF antenna. In an alternate embodi-
ment of the present invention, the RF antenna is a dual band
RF antenna. The RF antenna may be used in a wireless local
area network (WLAN) access point. The WL AN access point
may be a multiple-input multiple-output (MIMO) WLAN
access point, in which case the MIMO WLAN access point
will include two or more RF antenna elements. The WLAN
access point may operate using the IEEE 802.11n wireless
communications standard and may utilize the 2.4 GHz to
2.4835 GHz communications band, the 4.9 GHz and 5.825
GHz communications band, or both.

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 DRAWING
FIGURES

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 shows a three-dimensional view from one side and
underneath an RF antenna structure according to one embodi-
ment of the present invention.

FIG. 2 shows a three-dimensional view from one side and
above the RF antenna structure illustrated in FIG. 1.

FIG. 3 shows a three-dimensional view from one side and
underneath a dual band RF antenna structure according to an
alternate embodiment of the present invention.

FIG. 4 shows a three-dimensional view from one side and
above the dual band RF antenna structure illustrated in FIG. 3.

FIG. 5 shows a three-dimensional view from one side and
underneath the RF antenna structure according to an alternate
embodiment of the RF antenna structure.

FIG. 6 shows a three-dimensional view from one side and
above the RF antenna structure illustrated in FIG. 5.

FIG. 7 shows a three-dimensional view from one side and
underneath the dual band RF antenna structure according to
an alternate embodiment of the dual band RF antenna struc-
ture.

FIG. 8 shows a three-dimensional view from one side and
above the dual band RF antenna structure illustrated in FIG. 7.

FIG. 9 shows a three-dimensional view from one side and
underneath the RF antenna structure according to an addi-
tional embodiment of the RF antenna structure.

FIG. 10 shows a three-dimensional view from one side and
underneath the RF antenna structure according to another
embodiment of the RF antenna structure.

FIG. 11 shows a three-dimensional view from one side and
above the RF antenna structure illustrated in FIG. 10.

FIG. 12 shows a three-dimensional view from one side and
underneath the dual band RF antenna structure according to
an additional embodiment of the dual band RF antenna struc-
ture.
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FIG. 13 shows a three-dimensional view from one side and
underneath the dual band RF antenna structure according to
another embodiment of the dual band RF antenna structure.

FIG. 14 shows a three-dimensional view from one side and
underneath the dual band RF antenna structure according to a
supplemental embodiment of the dual band RF antenna struc-
ture.

FIG. 15 shows details of the dual band RF antenna structure
illustrated in FIG. 14.

FIG. 16 shows details of the RF antenna structure illus-
trated in FIG. 1.

FIG. 17 shows details of the RF antenna structure illus-
trated in FIG. 10.

FIG. 18 shows additional details of the dual band RF
antenna structure illustrated in FIG. 14.

FIG. 19 shows a loading plate according to a first embodi-
ment of the loading plate.

FIG. 20 shows the loading plate according to a second
embodiment of the loading plate.

FIG. 21 shows the loading plate according to a third
embodiment of the loading plate.

FIG. 22 shows the loading plate according to a fourth
embodiment of the loading plate.

FIG. 23 shows a planar structure, which may be used in the
RF antenna structure illustrated in FIG. 10 according to a first
embodiment of the planar structure.

FIG. 24 shows the planar structure, which may be used in
the RF antenna structure illustrated in FIG. 10 according to a
second embodiment of the planar structure.

FIG. 25 shows the planar structure, which may be used in
the RF antenna structure illustrated in FIG. 10 according to a
third embodiment of the planar structure.

FIG. 26 shows the planar structure, which may be used in
the dual band RF antenna structure illustrated in FIG. 14
according to a fourth embodiment of the planar structure.

FIG. 27 shows the planar structure, which may be used in
the dual band RF antenna structure illustrated in FIG. 14
according to a fifth embodiment of the planar structure.

FIG. 28 shows the planar structure, which may be used in
the dual band RF antenna structure illustrated in FIG. 14
according to a sixth embodiment of the planar structure.

FIG. 29 shows an application example of the present inven-
tion used in a wireless local area network (WLLAN) access
point.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments set forth below represent the necessary
information to enable those skilled in the art to practice the
invention and illustrate the best mode of practicing the inven-
tion. Upon reading the following 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 concepts and appli-
cations fall within the scope of the disclosure and the accom-
panying claims.

The present invention relates to an RF antenna structure
that includes a planar structure and a loading plate, such that
the planar structure is mounted between a ground plane and
the loading plate to form an RF antenna. The loading plate
may be about parallel to the ground plane and the planar
structure may be about perpendicular to the loading plate and
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the RF antenna structure above the ground plane to be rela-

tively small. For example, the height may be signiﬁcantlg/ less
This PDF of U.S. Utility Patent 8040289 provided

4

than one-quarter of a wavelength of RF signals of interest.
The planar structure may include two conductive matching
elements to help increase the bandwidth of the RF antenna
structure. In one embodiment of the present invention, the
bandwidth of the RF antenna may be greater than about 15
percent of the center frequency of a communications band of
interest.

All or part of the RF antenna structure may include metal
rods, stamped metal, printed circuits, or any combination
thereof. In one embodiment of the present invention, the RF
antenna is a single band RF antenna. In an alternate embodi-
ment of the present invention, the RF antenna is a dual band
RF antenna. The RF antenna may be used in a wireless local
area network (WLAN) access point. The WL AN access point
may be a multiple-input multiple-output (MIMO) WLAN
access point, in which case the MIMO WLAN access point
will include two or more RF antenna elements. The WLAN
access point may operate using the IEEE 802.11n wireless
communications standard and may utilize the 2.4 gigahertz
(GHz) 10 2.4835 GHz communications band, the 4.9 GHz and
5.825 GHz communications band, or both.

FIG. 1 shows a three-dimensional view from one side and
underneath an RF antenna structure 10 according to one
embodiment of the present invention. The RF antenna struc-
ture 10 includes a loading plate 12, which has a firstend 14, a
second end 16, a first planar surface 18, and a lengthwise
centerline 20 that longitudinally divides the first planar sur-
face 18 into about equal halves. The loading plate 12 may be
flat having sides and ends of any shape. In one embodiment,
the loading plate 12 is flat and about rectangular. Additionally,
the RF antenna structure 10 includes a first conductive match-
ing element 22, which has a third end 24, a fourth end 26, and
afirst edge 28, a first conductive element 30, which has a fifth
end 32 and a sixth end 34, and a second conductive matching
element 36, which has a seventh end 38 and an eighth end 40.
In one embodiment of the loading plate 12, the first planar
surface 18 provides a first planar conductive surface. In one
embodiment of the loading plate 12, the first planar conduc-
tive surface is about rectangular.

The first conductive matching element 22, the first conduc-
tive element 30, and the second conductive matching element
36 may form a planar structure, which is about perpendicular
to the first planar conductive surface. The third end 24 may be
adjacent to the first planar surface 18 and may be electrically
connected to the first planar conductive surface. Additionally,
the third end 24 may be biased toward the first end 14. In one
embodiment of the first conductive matching element 22, the
first edge 28 may be about flush with the first end 14, at least
aportion of the third end 24 may contact a portion of the first
planar surface 18, at least a portion of the third end 24 may
contact the first planar conductive surface along the length-
wise centerline 20 of the first planar surface 18, or any com-
bination thereof. The first edge 28 may be about perpendicu-
lar to the first planar conductive surface.

The first conductive matching element 22 may be flat hav-
ing sides and ends of any shape. In one embodiment, the first
conductive matching element 22 is flat and about rectangular,
as shown. The first conductive element 30 may be of any
shape. In one embodiment, the first conductive element 30 is
about cylindrically shaped, as shown. The first conductive
element 30 may be formed from a metallic rod. In an alternate
embodiment, the first conductive element 30 is flat and about
rectangular. The second conductive matching element 36
may be of any shape. In one embodiment, the second conduc-
tive matching element 36 is about cylindrically shaped, as
shown. The second conductive matching element 36 may be
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formed from a metallic rod. In an alternate embodiment, the
second conductive matching element 36 is flat and about
rectangular.

The fifth end 32 may be adjacent to the first planar surface
18 and may be electrically connected to the first planar con-
ductive surface. The seventh end 38 may be biased toward the
sixth end 34 and may be electrically connected to the first
conductive element 30. The eighth end 40 may be between the
seventh end 38 and the first conductive matching element 22
and the fourth end 26 may be used to transfer RF signals
between the RF antenna structure 10 and RF communications
circuitry (not shown).

FIG. 2 shows a three-dimensional view from one side and
above the RF antenna structure 10 illustrated in FIG. 1. The
RF antenna structure 10 is mounted above a ground plane 42,
such that the first planar conductive surface and the first
planar surface 18 are about parallel to the ground plane 42.
The RF antenna structure 10 has a second planar surface 44.
In one embodiment of the first conductive matching element
22, an RF antenna feedline 46 is electrically connected
between the fourth end 26 and the RF communications cir-
cuitry (not shown). A ground plane clearance hole 48 allows
the RF antenna feedline 46 to pass through the ground plane
42 without making an electrical connection to the ground
plane 42.

In one embodiment of the loading plate 12, the second
planar surface 44 provides the first planar conductive surface.
In one embodiment of the present invention, the loading plate
12, the planar structure, and the ground plane 42 form a
modified inverted-L single band RF antenna, which may be
used to transmit RF signals, receive RF signals, or both. The
first conductive matching element 22 provides the short sec-
tion ofthe L. and the loading plate 12 provides the long section
of the L. The loading plate 12, the first conductive matching
element 22, the first conductive element 30, and the second
conductive matching element 36 provide the modifications to
the modified inverted-l. antenna, thereby providing an
increased bandwidth compared to a traditional inverted-L.
antenna. The fourth end 26 may be between the third end 24
and the ground plane 42, and the sixth end 34 may be between
the fifth end 32 and the ground plane 42.

The modified inverted-L single band RF antenna may be
low profile. In an exemplary embodiment of the present
invention, a distance between the first planar conductive sur-
face and the ground plane 42 is less than about 12 millimeters.
In one embodiment of the RF antenna structure 10, at least a
portion of the fifth end 32 may contact a portion of the first
planar surface 18, at least a portion of the fifth end 32 may
contact a portion of the first planar conductive surface at the
lengthwise centerline 20 ofthe first planar surface 18, the fifth
end 32 may be biased towards the second end 16, the seventh
end 38 may be adjacent to the sixth end 34, or any combina-
tion thereof.

The modified inverted-L single band RF antenna may pro-
vide a reasonably uniform omni-directional radiation pattern
in the hemisphere above the ground plane 42. If the modified
inverted-L. single band RF antenna is used in a ceiling
mounted WLAN access point with the RF antenna structure
10 closer to the floor and the ground plane 42 closer to the
ceiling, the radiation pattern may be directed relatively uni-
formly downward throughout a room to provide good cover-
age to a number of end users. In one embodiment of the
present invention, the modified inverted-L. single band RF
antenna is associated with an operating band having a center
frequency, an upper frequency, and a lower frequency.

Return loss is one way to characterize an antenna’s band-
width. The return loss in an antenna is the difference between
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RF power delivered to an antenna and reflected RF power
received back from the antenna, and is dependent on the load
impedance. In one embodiment of the present invention, the
load impedance is about 50 ohms; therefore the design target
for the antenna input impedance is about 50 ohms in the
desired operating bands. Low return loss indicates that most
of the delivered RF power is being reflected back and that
little of the delivered RF power is being radiated by the
antenna. Conversely, high return loss indicates that little of
the delivered RF power is being reflected back and that most
of the delivered RF power is being radiated by the antenna.
Therefore, the antenna will have high return loss (e.g. greater
than 10 decibels) when transmitting RF signals with frequen-
cies inside an operating band and will have low return loss
when transmitting RF signals with frequencies outside the
operating band. In one embodiment of the present invention,
the bandwidth of an RF antenna may be characterized as the
contiguous range of frequencies over which the return loss is
greater than 10 decibels, such that a return loss with a 50 ohm
load impedance is greater than about 10 decibels over a con-
tiguous range of frequencies between the lower frequency
and the upper frequency. The bandwidth may be expressed as
apercentage of the center frequency, such that if f_upper and
f lower are the upper and lower frequencies bounding the
range where the return loss is greater than 10 decibels, then
the percentage bandwidth is given by (percentage band-
width=((f_upper—f_lower)/f_center))x100), where
f_center=(f_upper+f_lower)/2.

In one exemplary embodiment of the modified inverted-L
single band RF antenna, the bandwidth of the modified
inverted-L single band RF antenna is at least 15 percent of the
center frequency. In another exemplary embodiment of the
modified inverted-L single band RF antenna, the center fre-
quency is about 5.3625 gigahertz, the lower frequency is less
than about 4.9 gigahertz, the upper frequency is greater than
about 5.825 gigahertz, or any combination thereof.

FIG. 3 shows a three-dimensional view from one side and
underneath a dual band RF antenna structure 50 according to
an alternate embodiment of the present invention. The dual
band RF antenna structure 50 illustrated in FIG. 3 is similar to
the RF antenna structure 10 illustrated in FIG. 1, except the
dual band RF antenna structure 50 illustrated in FIG. 3
includes a first dual band conductive element 52 and the fifth
end 32 is biased closer to the first end 14 than the fifth end 32
illustrated in FIG. 1. The first dual band conductive element
52 includes a first dual band end 54 and a second dual band
end 56. The first dual band end 54 may be adjacent to the
eighth end 40 and the eighth end 40 may be electrically
connected to the first dual band conductive element 52.

FIG. 4 shows a three-dimensional view from one side and
above the dual band RF antenna structure 50 illustrated in
FIG. 3. The second dual band end 56 may be electrically
connected to the ground plane 42 at a ground plane attach-
ment point 58. The first dual band conductive element 52 may
be of any shape. In one embodiment, the first dual band
conductive element 52 is about cylindrically shaped, as
shown. The first dual band conductive element 52 may be
formed from a metallic rod. In an alternate embodiment, the
first dual band conductive element 52 is flat and about rect-
angular. In one embodiment of the present invention, the
loading plate 12, the first conductive matching element 22,
and the ground plane 42 may form a modified inverted-L. RF
antenna, and a portion ofthe loading plate 12 between the first
end 14 and the fifth end 32, the first conductive matching
element 22, the first conductive element 30, the second con-
ductive matching element 36, the first dual band conductive
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monopole RF antenna. Therefore, the loading plate 12, the
planar structure, and the ground plane 42 may form a dual
band RF antenna by superposition of the bent folded-mono-
pole RF antenna and the modified inverted-L. RF antenna. The
dual band RF antenna may be used to transmit RF signals,
receive RF signals, or both.

The dual band RF antenna may provide a reasonably uni-
form omni-directional radiation pattern in the hemisphere
above the ground plane 42. If the dual band RF antenna is
used in a ceiling mounted WL AN access point with the dual
band RF antenna structure 50 closer to the floor and the
ground plane 42 closer to the ceiling, the radiation pattern
may be directed relatively uniformly downward throughout a
room to provide good coverage to a number of end users. In
one embodiment of the present invention, the dual band RF
antenna is associated with a first operating band having a first
center frequency, a first upper frequency, and a first lower
frequency, and a second operating band having a second
center frequency, a second upper frequency, and a second
lower frequency.

In one exemplary embodiment of the dual band RF
antenna, a first operating band bandwidth of the dual band RF
antenna is at least 15 percent of the first center frequency, such
that a magnitude of the first upper frequency minus a magni-
tude of the first lower frequency is at least 15 percent of a
magnitude of the first center frequency, and a return loss with
a 50 ohm load impedance is greater than about 10 decibels
across a contiguous range of frequencies between the first
lower frequency and the first upper frequency. In another
exemplary embodiment of the dual band RF antenna, the first
center frequency is about 5.3625 gigahertz, the first lower
frequency is less than about 4.9 gigahertz, the first upper
frequency is greater than about 5.825 gigahertz, the second
center frequency is about 2.44175 gigahertz, or any combi-
nation thereof.

FIG. 5 shows a three-dimensional view from one side and
underneath the RF antenna structure 10 according to an alter-
nate embodiment of the RF antenna structure 10. The RF
antenna structure 10 illustrated in FIG. 5 is similar to the RF
antenna structure 10 illustrated in FIG. 1, except the first
conductive element 30 and the second conductive matching
element 36 illustrated in FIG. 1 are both cylindrically shaped,
whereas the first conductive element 30 and the second con-
ductive matching element 36 illustrated in FIG. 5 are both
rectangularly shaped. The first conductive matching element
22 has a second edge 60, which may be about perpendicular
to the first planar conductive surface and may be about par-
allel to and opposite from the first edge 28.

The second edge 60 may be between the first edge 28 and
the first conductive element 30. The first conductive element
30 has a third edge 62 and a fourth edge 64, in which both may
be about perpendicular to the first planar conductive surface.
The fourth edge 64 may be about parallel to and opposite from
the third edge 62, and the third edge 62 may be between the
fourth edge 64 and the first conductive matching element 22.
In one embodiment of the first conductive element 30, the
fourth edge 64 is about flush with the second end 16, at least
a portion of the seventh end 38 contacts a portion of the third
edge 62, or both. FIG. 6 shows a three-dimensional view from
one side and above the RF antenna structure 10 illustrated in
FIG. 5.

FIG. 7 shows a three-dimensional view from one side and
underneath the dual band RF antenna structure 50 according
to an alternate embodiment of the dual band RF antenna
structure 50. The dual band RF antenna structure 50 illus-
trated in FIG. 7 is similar to the dual band RF antenna struc-
ture 50 illustrated in FIG. 3, except the first conductive ele-
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ment 30, the second conductive matching element 36, and the
first dual band conductive element 52 illustrated in FIG. 3 are
all three cylindrically shaped, whereas the first conductive
element 30, the second conductive matching element 36, and
the first dual band conductive element 52 illustrated in FIG. 7
are all three rectangularly shaped. The first conductive match-
ing element 22 has the second edge 60, which may be about
perpendicular to the first planar conductive surface and may
be about parallel to and opposite from the first edge 28.

The second edge 60 may be between the first edge 28 and
the first conductive element 30. The first conductive element
30 has the third edge 62 and the fourth edge 64, in which both
may be about perpendicular to the first planar conductive
surface. The fourth edge 64 may be about parallel to and
opposite from the third edge 62, and the third edge 62 may be
between the fourth edge 64 and the first conductive matching
element 22. The first dual band conductive element 52 has a
first dual band edge 66, such that at least a portion of the
eighth end 40 may contact a portion of the first dual band edge
66. F1G. 8 shows a three-dimensional view from one side and
above the dual band RF antenna structure 50 illustrated in
FIG. 7.

FIG. 9 shows a three-dimensional view from one side and
underneath the RF antenna structure 10 according to an addi-
tional embodiment of the RF antenna structure 10. The RF
antenna structure 10 illustrated in FIG. 9 is similar to the RF
antenna structure 10 illustrated in FIG. 5, except the RF
antenna structure 10 illustrated in FIG. 9 includes a second
conductive element 68. The second conductive element 68
has a ninth end 70, a tenth end 72, and a fifth edge 74. The
second conductive element 68 may be flat having edges and
ends of any shape. In one embodiment, the second conductive
element 68 is flat and about rectangular, as shown. The ninth
end 70 may be electrically connected to the first conductive
matching element 22 and at least a portion of the ninth end 70
may contact a portion of the second edge 60. The tenth end 72
may be electrically connected to the first conductive element
30 and at least a portion of the tenth end 72 may contact a
portion of the third edge 62. The fifth edge 74 may be elec-
trically connected to the first planar conductive surface. In
one embodiment of the second conductive element 68, the
fifth edge 74 may be about flush with the third end 24, the fifth
edge 74 may be about flush with the fifth end 32, at least a
portion of the fifth edge 74 may contact a portion of the first
planar surface 18, or any combination thereof.

FIG. 10 shows a three-dimensional view from one side and
underneath the RF antenna structure 10 according to another
embodiment of the RF antenna structure 10. The RF antenna
structure 10 illustrated in FIG. 10 is similar to the RF antenna
structure 10 illustrated in FIG. 9, except the RF antenna
structure 10 illustrated in FIG. 10 includes a third conductive
element 76. The third conductive element 76 has an eleventh
end 78, a twelfth end 80, and a sixth edge 82. The third
conductive element 76 may be flat having edges and ends of
any shape. In one embodiment, the third conductive element
76 is flat and about square, as shown. In one embodiment of
the third conductive element 76, the eleventh end 78 may be
electrically connected to the first conductive matching ele-
ment 22, at least a portion of the eleventh end 78 may contact
a portion of the fourth end 26, the second edge 60 may be
about flush with the sixth edge 82, the twelfth end 80 may be
used to transfer RF signals between the RF antenna structure
10 and RF communications circuitry (not shown), or any
combination thereof. FIG. 11 shows a three-dimensional
view from one side and above the RF antenna structure 10
illustrated in FIG. 10.
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FIG. 12 shows a three-dimensional view from one side and
underneath the dual band RF antenna structure 50 according
to an additional embodiment of the dual band RF antenna
structure 50. The dual band RF antenna structure 50 illus-
trated in FIG. 12 is similar to the dual band RF antenna
structure 50 illustrated in FIG. 7, except the dual band RF
antenna structure 50 illustrated in FIG. 12 includes the second
conductive element 68. The second conductive element 68
has the ninth end 70, the tenth end 72, and the fifth edge 74.
The second conductive element 68 may be flat having edges
and ends of any shape. In one embodiment, the second con-
ductive element 68 is flat and about rectangular, as shown.
The ninth end 70 may be electrically connected to the first
conductive matching element 22 and at least a portion of the
ninth end 70 may contact a portion of the second edge 60. The
tenth end 72 may be electrically connected to the first con-
ductive element 30 and at least a portion of the tenth end 72
may contact a portion of the third edge 62. The fifth edge 74
may be electrically connected to the first planar conductive
surface. In one embodiment of the second conductive element
68, the fifth edge 74 may be about flush with the third end 24,
the fifth edge 74 may be about flush with the fifth end 32, at
least a portion of the fifth edge 74 may contact a portion of the
first planar surface 18, or any combination thereof.

FIG. 13 shows a three-dimensional view from one side and
underneath the dual band RF antenna structure 50 according
to another embodiment of the dual band RF antenna structure
50. The dual band RF antenna structure 50 illustrated in FIG.
13 is similar to the dual band RF antenna structure 50 illus-
trated in FIG. 12, except the dual band RF antenna structure
50 illustrated in FIG. 13 includes a second dual band conduc-
tive element 84. The second dual band conductive element 84
has a third dual band end 86, a fourth dual band end 88, and a
second dual band edge 90. The second dual band conductive
element 84 may be flat having edges and ends of any shape. In
one embodiment, the second dual band conductive element
84 is flat and about rectangular, as shown. In one embodiment
of the second dual band conductive element 84, at least a
portion of the third dual band end 86 may contact a portion of
the fourth edge 64, the third dual band end 86 may be elec-
trically connected to the first conductive element 30, at least
a portion of the second dual band edge 90 may contact a
portion of the first planar surface 18, the second dual band
edge 90 may be electrically connected to the first planar
conductive surface, the fourth dual band end 88 may be about
flush with the second end 16, or any combination thereof.

FIG. 14 shows a three-dimensional view from one side and
underneath the dual band RF antenna structure 50 according
to a supplemental embodiment of the dual band RF antenna
structure 50. The dual band RF antenna structure 50 illus-
trated in FIG. 14 is similar to the dual band RF antenna
structure 50 illustrated in FIG. 13, except the dual band RF
antenna structure 50 illustrated in FIG. 14 includes the third
conductive element 76. The third conductive element 76 has
the eleventh end 78, the twelfth end 80, and the sixth edge 82.
The third conductive element 76 may be flathaving edges and
ends of any shape. In one embodiment, the third conductive
element 76 is flat and about square, as shown. In one embodi-
ment of the third conductive element 76, the eleventh end 78
may be electrically connected to the first conductive matching
element 22, at least a portion of the eleventh end 78 may
contact a portion of the fourth end 26, the second edge 60 may
be about flush with the sixth edge 82, the twelfth end 80 may
be used to transfer RF signals between the dual band RF
antenna structure 50 and RF communications circuitry (not
shown), or any combination thereof.
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FIG. 15 shows details of the dual band RF antenna structure
50 illustrated in FIG. 14. A first effective length 92 is the
distance from the first end 14 to fifth end 32 of the first
conductive element 30 and may be on the order of about one
quarter wavelength of a center frequency of one of the two
frequency bands associated with the dual band RF antenna
structure 50. A first length 94 is the distance from the first end
14 to the second end 16 and may be on the order of about one
quarter wavelength of a center frequency of the other of the
two frequency bands associated with the dual band RF
antenna structure 50.

A way to relate the first length 94 and the first effective
length 92 to frequency is presented below. A fundamental
equation relating the wavelength (A) of aradiated RF signal to
the frequency (F) of the radiated RF signal traveling at the
speed of light (C) is shown in EQ. 1 below.

A=C/E EQ. 1:

Since C is about equal to 3x10® meters/second (M/S),
substituting the value of C into EQ. 1 provides EQ. 2 below.
A=(3x10% M/S)/F. EQ. 2:

Converting the speed of light into the units of millimeters
(mm) per nanosecond (mm/nS), and frequency into GHz (i.e.

1/n8) provides EQ. 3 below.
A=(300 mm/nS)/F(GHz). EQ. 3:

Useful values may occur at /2, A/4, and A/8 as shown in
EQ. 4, EQ. 5, and EQ. 6, respectively below.

W2=(150 mm/nS)/F(GHz). EQ. 4:
MA=(75 mm/nS)/F(GHz). EQ. 5:
W8=(37.5 mnvnS)/F(GHz). EQ. 6:

In one embodiment of the present invention, the RF
antenna structure 10 and the ground plane 42 form the modi-
fied inverted-L single band RF antenna, which is associated
with an operating band having a center frequency. If the first
length 94 is on the order of about one quarter wavelength
(A/4) of the center frequency, then EQ. 5 relates the first length
94 to the center frequency. If a factor of two tolerance is
established, then EQ. 4 and EQ. 6 provide tolerance limits for
the first length 94. In an exemplary embodiment of the modi-
fied inverted-L single band RF antenna, a first value is equal
to about 150 mm/nS divided by a magnitude of the center
frequency (in GHz), a second value is equal to about 37.5
mm/nS divided by the magnitude of the center frequency (in
GHz), and a magnitude of the first length 94 is between the
first value and the second value.

In an alternate embodiment of the present invention, the
dual band RF antenna structure 50 and the ground plane 42
form the dual band RF antenna, which is associated with a
first operating band having a first center frequency and a
second operating band having a second center frequency. If
the first length 94 is on the order of about one quarter wave-
length (A/4) of the second center frequency, then EQ. 5 relates
the first length 94 to the second center frequency. If a factor of
two tolerance is established, then EQ. 4 and EQ. 6 provide
tolerance limits for the first length 94. Similarly, if the first
effective length 92 is on the order of about one quarter wave-
length (A/4) of the first center frequency, then EQ. 5 relates the
first effective length 92 to the first center frequency. If a factor
of'two tolerance is established, then EQ. 4 and EQ. 6 provide
tolerance limits for the first effective length 92. In an exem-
plary embodiment of the dual band RF antenna, a first value is
equal to about 150 mn/nS divided by a magnitude of the first

center frequency gin GHz), a second value is quual to about
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37.5 mm/nS divided by the magnitude of the first center
frequency (in GHz), a third value is equal to about 150 mm/nS
divided by a magnitude of the second center frequency (in
GHz), a fourth value is equal to about 37.5 mm/nS divided by
the magnitude of the second center frequency (in GHz), a
magnitude of the first length 94 is between the third value and
the fourth value, and a magnitude of the first effective length
92 is between the first value and the second value.

FIG. 16 shows details of the RF antenna structure 10 illus-
trated in FIG. 1. The loading plate 12 has the first length 94
and a first width 96, in which both may be about parallel to the
ground plane 42 (FIG. 2). The first conductive matching
element 22 has a second length 98 and a second width 100,
such that the second length 98 may be about perpendicular to
the first planar conductive surface, the second width 100 may
be about parallel to the first length 94, or both. The first
conductive element 30 has a third length 102 and a third width
104, such that the third length 102 may be about perpendicu-
lar to the first planar conductive surface. The second conduc-
tive matching element 36 has a fourth length 106 and a fourth
width 108, such that the fourth length 106 is about parallel to
the first length 94.

FIG. 17 shows details of the RF antenna structure 10 illus-
trated in FIG. 10. The loading plate 12 has the first length 94
and the first width 96, in which both may be about parallel to
the ground plane 42 (FIG. 11). The first conductive matching
element 22 has the second length 98 and the second width
100, such that the second length 98 may be about perpendicu-
lar to the first planar conductive surface, the second width 100
may be about parallel to the first length 94, or both. The first
conductive element 30 has the third length 102 and the third
width 104, such that the third length 102 may be about per-
pendicular to the first planar conductive surface, the third
width 104 may be about parallel to the first length 94, or both.
The second conductive matching element 36 has the fourth
length 106 and the fourth width 108, such that the fourth
length 106 is about parallel to the first length 94, the fourth
width 108 may be about perpendicular to the first planar
conductive surface, or both. The second conductive element
68 has a fifth length 110 and a fifth width 112. The fifth length
110 may be about parallel to the first length 94, the fifth width
112 may be about perpendicular to the first planar conductive
surface, or both. The third conductive element 76 has a sixth
length 114 and a sixth width 116. The sixth length 114 may be
about perpendicular to the first planar conductive surface,
sixth width 116 may be about parallel to the first length 94, or
both.

FIG. 18 shows additional details of the dual band RF
antenna structure 50 illustrated in FIG. 14. The loading plate
12 has the first length 94 and the first width 96, in which both
may be about parallel to the ground plane 42 (FIG. 15). The
first conductive matching element 22 has the second length 98
and the second width 100, such that the second length 98 may
be about perpendicular to the first planar conductive surface,
the second width 100 may be about parallel to the first length
94, or both. The first conductive element 30 has the third
length 102 and the third width 104, such that the third length
102 may be about perpendicular to the first planar conductive
surface, the third width 104 may be about parallel to the first
length 94, or both. The second conductive matching element
36 has the fourth length 106 and the fourth width 108, such
that the fourth length 106 may be about parallel to the first
length 94, the fourth width 108 may be about perpendicular to
the first planar conductive surface, or both. The second con-
ductive element 68 has the fifth length 110 and the fitth width
112. The fifth length 110 may be about parallel to the first
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the first planar conductive surface, or both. The third conduc-
tive element 76 has the sixth length 114 and the sixth width
116. The sixth length 114 may be about perpendicular to the
first planar conductive surface, the sixth width 116 may be
about parallel to the first length 94, or both. The first dual band
conductive element 52 has a first dual band length 118 and a
first dual band width 120. The first dual band length 118 may
be about perpendicular to the first planar conductive surface,
the first dual band width 120 may about parallel to the first
length 94, or both. The second dual band conductive element
84 has a second dual band length 122 and a second dual band
width 124. The second dual band length 122 may be about
parallel to the first length 94, the second dual band width 124
may be about perpendicular to the first planar conductive
surface, or both.

FIG. 19 shows the loading plate 12 according to a first
embodiment of the loading plate 12. The loading plate 12 may
be formed using a first metallic sheet 126, such as a stamped
metal sheet. The first metallic sheet 126 may include copper,
brass, silver, gold, one or more other metals, or any combi-
nation thereof. The loading plate 12 has the first planar sur-
face 18 and the second planar surface 44, either of which may
provide the first planar conductive surface and the other may
provide a second planar conductive surface. The first planar
conductive surface may be continuously conductive without
any insulating areas.

FIG. 20 shows the loading plate 12 according to a second
embodiment of the loading plate 12. The loading plate 12 may
be formed using a first loading plate conductive layer 128 and
a loading plate dielectric layer 130. The first loading plate
conductive layer 128 may include copper, brass, silver, gold,
one or more other metals, or any combination thereof. The
loading plate dielectric layer 130 may include glass epoxy,
one or more other dielectric materials, or any combination
thereof. The first loading plate conductive layer 128 is about
parallel to the loading plate dielectric layer 130. The first
loading plate conductive layer 128 may be bonded directly to
the loading plate dielectric layer 130, or there may be one or
more intervening layers between the first loading plate con-
ductive layer 128 and the loading plate dielectric layer 130.
Printed circuit board (PCB) material may provide the first
loading plate conductive layer 128 and the loading plate
dielectric layer 130. The first loading plate conductive layer
128 provides the first planar surface 18, which provides the
first planar conductive surface. The loading plate dielectric
layer 130 provides the second planar surface 44. The first
planar conductive surface may be continuously conductive
without any insulating areas. PCB material may typically be
inexpensive, and antennas fabricated using PCB material
may be very cost effective. Additionally, other elements of a
WLAN access point may be provided using PCB material;
therefore, providing the RF antenna structure 10 or the dual
band RF antenna structure 50 using PCB material may pro-
vide commonality of construction materials, methods, or
both. Further, PCB materials typically have a dielectric con-
stant greater than one; therefore, sizes of the RF antenna
structure 10 or the dual band RF antenna structure 50 using
PCB material may be different from the sizes of the RF
antenna structure 10 or the dual band RF antenna structure 50,
respectively, when using a metallic sheet or other materials,
which may be advantageous in certain applications.

FIG. 21 shows the loading plate 12 according to a third
embodiment of the loading plate 12. The loading plate 12 may
be formed using the first loading plate conductive layer 128
and the loading plate dielectric layer 130. The first loading
plate conductive layer 128 may include copper, brass, silver,

old, one or more other metals, or any combination thereof.
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The loading plate dielectric layer 130 may include glass
epoxy, one or more other dielectric materials, or any combi-
nation thereof. The first loading plate conductive layer 128 is
about parallel to the loading plate dielectric layer 130. The
first loading plate conductive layer 128 may be bonded
directly to the loading plate dielectric layer 130, or there may
be one or more intervening layers between the first loading
plate conductive layer 128 and the loading plate dielectric
layer 130. PCB material may provide the first loading plate
conductive layer 128 and the loading plate dielectric layer
130.

The loading plate dielectric layer 130 provides the first
planar surface 18 and the first loading plate conductive layer
128 provides the second planar surface 44, which provides the
first planar conductive surface. However, since the planar
structure (not shown) is mounted adjacent to the first planar
surface 18 and since the planar structure (not shown) is elec-
trically connected to the first planar conductive surface,
which resides on the second planar surface 44, the loading
plate dielectric layer 130 includes multiple via holes 132 to
provide electrically conductive pathways between the planar
structure (not shown) and the first loading plate conductive
layer 128, which may or may not have the multiple via holes
132. Therefore, the first planar conductive surface may be
continuously conductive without any insulating areas, or the
first planar conductive surface may be continuously conduc-
tive without any insulating areas except for the multiple via
holes 132. Each of the multiple via holes 132 may be conduc-
tively plated or may include a conductive element traversing
through the hole.

FIG. 22 shows the loading plate 12 according to a fourth
embodiment of the loading plate 12. The loading plate 12 may
be formed using the first loading plate conductive layer 128,
a second loading plate conductive layer 134, and the loading
plate dielectric layer 130, which is between the first loading
plate conductive layer 128 and the second loading plate con-
ductive layer 134. The first loading plate conductive layer 128
may include copper, brass, silver, gold, one or more other
metals, or any combination thereof. The second loading plate
conductive layer 134 may include copper, brass, silver, gold,
one or more other metals, or any combination thereof. The
loading plate dielectric layer 130 may include glass epoxy,
one or more other dielectric materials, or any combination
thereof. The first loading plate conductive layer 128 may be
bonded directly to the loading plate dielectric layer 130, or
there may be one or more intervening layers between the first
loading plate conductive layer 128 and the loading plate
dielectric layer 130. Similarly, the second loading plate con-
ductive layer 134 may be bonded directly to the loading plate
dielectric layer 130, or there may be one or more intervening
layers between the second loading plate conductive layer 134
and the loading plate dielectric layer 130. PCB material may
provide the first loading plate conductive layer 128, the sec-
ond loading plate conductive layer 134, and the loading plate
dielectric layer 130.

The first loading plate conductive layer 128 provides the
first planar surface 18 and the second loading plate conduc-
tive layer 134 provides the second planar surface 44. The first
planar surface 18 may provide the first planar conductive
surface and the second planar surface 44 may provide a sec-
ond planar conductive surface. The loading plate dielectric
layer 130 may include multiple via holes 132 to provide
electrically conductive pathways between the first loading
plate conductive layer 128 and the second loading plate con-
ductive layer 134, thereby electrically connecting the first
loading plate conductive layer 128 to the second loading plate
conductive layer 134. The first loading plate conductive layer
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128 may or may not have the multiple via holes 132. There-
fore, the first planar conductive surface may be continuously
conductive without any insulating areas, or the first planar
conductive surface may be continuously conductive without
any insulating areas except for the multiple via holes 132.
Each of the multiple via holes 132 may be conductively plated
or may include a conductive element traversing through the
hole.

The first end 14 of the loading plate dielectric layer 130
may extend beyond the first end 14 of the first loading plate
conductive layer 128, beyond the first end 14 of the second
loading plate conductive layer 134, or both. The second end
16 of the loading plate dielectric layer 130 may extend
beyond the second end 16 of the first loading plate conductive
layer 128, beyond the second end 16 of the second loading
plate conductive layer 134, or both. One edge of the loading
plate dielectric layer 130 may extend beyond the correspond-
ing edge of the first loading plate conductive layer 128,
beyond the corresponding edge of the second loading plate
conductive layer 134, or both. An opposite edge of the loading
plate dielectric layer 130 may extend beyond the correspond-
ing opposite edge of the first loading plate conductive layer
128, beyond the corresponding opposite edge of the second
loading plate conductive layer 134, or both.

In addition to the multiple via holes 132 electrically con-
necting the first loading plate conductive layer 128 to the
second loading plate conductive layer 134, conductive layers
on the first end 14 of the loading plate dielectric layer 130, on
the second end 16 of the loading plate dielectric layer 130, on
one edge of the loading plate dielectric layer 130, on the
opposite edge of the loading plate dielectric layer 130, or any
combination thereof, may electrically connect the first load-
ing plate conductive layer 128 to the second loading plate
conductive layer 134.

FIG. 23 shows a planar structure 136, which may be used in
the RF antenna structure 10 illustrated in FIG. 10 according to
a first embodiment of the planar structure 136. The planar
structure 136 may be formed using a second metallic sheet
137, such as a stamped metal sheet. The second metallic sheet
137 may include copper, brass, silver, gold, one or more other
metals, or any combination thereof. The planar structure 136
may include the first conductive matching element 22, the
first conductive element 30, the second conductive matching
element 36, the second conductive element 68, the third con-
ductive element 76, or any combination thereof, and the sec-
ond metallic sheet 137 provides the corresponding first con-
ductive matching element 22, the first conductive element 30,
the second conductive matching element 36, the second con-
ductive element 68, the third conductive element 76, or any
combination thereof.

FIG. 24 shows the planar structure 136, which may be used
in the RF antenna structure 10 illustrated in FIG. 10 according
to a second embodiment of the planar structure 136. The
planar structure 136 may be formed using a first planar struc-
ture conductive layer 138 and a planar structure dielectric
layer 140. The first planar structure conductive layer 138 may
include copper, brass, silver, gold, one or more other metals,
or any combination thereof. The planar structure dielectric
layer 140 may include glass epoxy, one or more other dielec-
tric materials, or any combination thereof. The first planar
structure conductive layer 138 is about parallel to the planar
structure dielectric layer 140. The first planar structure con-
ductive layer 138 may be bonded directly to the planar struc-
ture dielectric layer 140, or there may be one or more inter-
vening layers between the first planar structure conductive
layer 138 and the planar structure dielectric layer 140. PCB
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material may provide the first planar structure conductive
layer 138 and the planar structure dielectric layer 140.

The planar structure 136 may include the first conductive
matching element 22, the first conductive element 30, the
second conductive matching element 36, the second conduc-
tive element 68, the third conductive element 76, or any
combination thereof, and the first planar structure conductive
layer 138 provides the corresponding first conductive match-
ing element 22, the first conductive element 30, the second
conductive matching element 36, the second conductive ele-
ment 68, the third conductive element 76, or any combination
thereof.

FIG. 25 shows the planar structure 136, which may be used
in the RF antenna structure 10 illustrated in FIG. 10 according
to a third embodiment of the planar structure 136. The planar
structure 136 may be formed using the first planar structure
conductive layer 138, a second planar structure conductive
layer 142, and the planar structure dielectric layer 140
between the first planar structure conductive layer 138 and the
second planar structure conductive layer 142. The first planar
structure conductive layer 138 may include copper, brass,
silver, gold, one or more other metals, or any combination
thereof. The second planar structure conductive layer 142
may include copper, brass, silver, gold, one or more other
metals, or any combination thereof. The planar structure
dielectric layer 140 may include glass epoxy, one or more
other dielectric materials, or any combination thereof. The
first planar structure conductive layer 138 may be bonded
directly to the planar structure dielectric layer 140, or there
may be one or more intervening layers between the first
planar structure conductive layer 138 and the planar structure
dielectric layer 140. Similarly, the second planar structure
conductive layer 142 may be bonded directly to the planar
structure dielectric layer 140, or there may be one or more
intervening layers between the second planar structure con-
ductive layer 142 and the planar structure dielectric layer 140.
PCB material may provide the first planar structure conduc-
tive layer 138, the second planar structure conductive layer
142, and the planar structure dielectric layer 140.

The planar structure 136 may include the first conductive
matching element 22, the first conductive element 30, the
second conductive matching element 36, the second conduc-
tive element 68, the third conductive element 76, or any
combination thereof, and the first planar structure conductive
layer 138 provides the corresponding first conductive match-
ing element 22, the first conductive element 30, the second
conductive matching element 36, the second conductive ele-
ment 68, the third conductive element 76, or any combination
thereof.

FIG. 26 shows the planar structure 136, which may be used
in the dual band RF antenna structure 50 illustrated in F1IG. 14
according to a fourth embodiment of the planar structure 136.
The planar structure 136 may be formed using the second
metallic sheet 137, such as a stamped metal sheet. The second
metallic sheet 137 may include copper, brass, silver, gold, one
or more other metals, or any combination thereof. The planar
structure 136 may include the first conductive matching ele-
ment 22, the first conductive element 30, the second conduc-
tive matching element 36, the second conductive element 68,
the third conductive element 76, the first dual band conduc-
tive element 52, the second dual band conductive element 84,
orany combination thereof, and the second metallic sheet 137
provides the corresponding first conductive matching ele-
ment 22, the first conductive element 30, the second conduc-
tive matchir%% element 36, the second conductive element 68,
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the third conductive element 76, the first dual band conduc-
tive element 52, the second dual band conductive element 84,
or any combination thereof.

FIG. 27 shows the planar structure 136, which may be used
in the dual band RF antenna structure 50 illustrated in FIG. 14
according to a fifth embodiment of the planar structure 136.
The planar structure 136 may be formed using the first planar
structure conductive layer 138 and the planar structure dielec-
tric layer 140. The first planar structure conductive layer 138
may include copper, brass, silver, gold, one or more other
metals, or any combination thereof. The planar structure
dielectric layer 140 may include glass epoxy, one or more
other dielectric materials, or any combination thereof. The
first planar structure conductive layer 138 is about parallel to
the planar structure dielectric layer 140. The first planar struc-
ture conductive layer 138 may be bonded directly to the
planar structure dielectric layer 140, or there may be one or
more intervening layers between the first planar structure
conductive layer 138 and the planar structure dielectric layer
140. PCB material may provide the first planar structure
conductive layer 138 and the planar structure dielectric layer
140.

The planar structure 136 may include the first conductive
matching element 22, the first conductive element 30, the
second conductive matching element 36, the second conduc-
tive element 68, the third conductive element 76, the first dual
band conductive element 52, the second dual band conductive
element 84, or any combination thereof, and the first planar
structure conductive layer 138 provides the corresponding
first conductive matching element 22, the first conductive
element 30, the second conductive matching element 36, the
second conductive element 68, the third conductive element
76, the first dual band conductive element 52, the second dual
band conductive element 84, or any combination thereof.

FIG. 28 shows the planar structure 136, which may be used
in the dual band RF antenna structure 50 illustrated in FIG. 14
according to a sixth embodiment of the planar structure 136.
The planar structure 136 may be formed using the first planar
structure conductive layer 138, the second planar structure
conductive layer 142, and the planar structure dielectric layer
140 between the first planar structure conductive layer 138
and the second planar structure conductive layer 142. The first
planar structure conductive layer 138 may include copper,
brass, silver, gold, one or more other metals, or any combi-
nation thereof. The second planar structure conductive layer
142 may include copper, brass, silver, gold, one or more other
metals, or any combination thereof. The planar structure
dielectric layer 140 may include glass epoxy, one or more
other dielectric materials, or any combination thereof. The
first planar structure conductive layer 138 may be bonded
directly to the planar structure dielectric layer 140, or there
may be one or more intervening layers between the first
planar structure conductive layer 138 and the planar structure
dielectric layer 140. Similarly, the second planar structure
conductive layer 142 may be bonded directly to the planar
structure dielectric layer 140, or there may be one or more
intervening layers between the second planar structure con-
ductive layer 142 and the planar structure dielectric layer 140.
PCB material may provide the first planar structure conduc-
tive layer 138, the second planar structure conductive layer
142, and the planar structure dielectric layer 140.

The planar structure 136 may include the first conductive
matching element 22, the first conductive element 30, the
second conductive matching element 36, the second conduc-
tive element 68, the third conductive element 76, the first dual
band conductive element 52, the second dual band conductive
element 84, or any combination thereof, and the first planar
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structure conductive layer 138 provides the corresponding
first conductive matching element 22, the first conductive
element 30, the second conductive matching element 36, the
second conductive element 68, the third conductive element
76, the first dual band conductive element 52, the second dual
band conductive element 84, or any combination thereof.

A first exemplary embodiment of the RF antenna structure
10 is illustrated in FIG. 17, such that a magnitude of the first
length 94 is equal to about 23 millimeters; a magnitude of the
second length 98 is equal to about 8 millimeters, a magnitude
of the third length 102 is equal to about 7 millimeters, a
magnitude of the fourth length 106 is equal to about 8 milli-
meters, amagnitude of the fifth length 110 is equal to about 16
millimeters, a magnitude of the sixth length 114 is equal to
about 2 millimeters, a magnitude of the first width 96 is equal
to about 8 millimeters, a magnitude of the second width 100
is equal to about 5 millimeters, a magnitude of the third width
104 is equal to about 2 millimeters, a magnitude of the fourth
width 108 is equal to about 2 millimeters, a magnitude of the
fifth width 112 is equal to about 2 millimeters, and a magni-
tude of the sixth width 116 is equal to about 2 millimeters.

A second exemplary embodiment of the RF antenna struc-
ture 10 is illustrated in FIG. 17, such that a magnitude of the
firstlength 94 is equal to about 17 millimeters; a magnitude of
the second length 98 is equal to about 5 millimeters, a mag-
nitude of the third length 102 is equal to about 5.5 millimeters,
a magnitude of the fourth length 106 is equal to about 2
millimeters, a magnitude of the fifth length 110 is equal to
about 11 millimeters, a magnitude of the sixth length 114 is
equal to about 2 millimeters, a magnitude of the first width 96
is equal to about 7 millimeters, a magnitude of the second
width 100 is equal to about 4 millimeters, a magnitude of the
third width 104 is equal to about 2 millimeters, a magnitude of
the fourth width 108 is equal to about 2 millimeters, a mag-
nitude of the fifth width 112 is equal to about 2 millimeters,
and a magnitude of the sixth width 116 is equal to about 2
millimeters. The loading plate 12 is illustrated in FIG. 22,
such that the loading plate dielectric layer 130 is about 1.6
millimeters thick and is formed using Flame Retardant 4
(FR4) PCB material. The first and the second ends 14, 16 of
the loading plate dielectric layer 130 may extend beyond the
first and the second ends 14, 16 of the first loading plate
conductive layer 128 and the second loading plate conductive
layer 134. In addition to the multiple via holes 132 electrically
connecting the first loading plate conductive layer 128 to the
second loading plate conductive layer 134, conductive layers
on the edges of the loading plate dielectric layer 130 may
electrically connect the first loading plate conductive layer
128 to the second loading plate conductive layer 134. The
planar structure 136 is illustrated in FIG. 24, such that the
planar structure dielectric layer 140 is about 1.6 millimeters
thick and is formed using the FR4 PCB material.

A first exemplary embodiment of the dual band RF antenna
structure 50 is illustrated in FIG. 18, such that a magnitude of
the first length 94 is equal to about 29.5 millimeters, a mag-
nitude of the second length 98 is equal to about 6.5 millime-
ters, a magnitude of the third length 102 is equal to about 6.5
millimeters, a magnitude of the fourth length 106 is equal to
about 10.5 millimeters, a magnitude of the fifth length 110 is
equal to about 16 millimeters, a magnitude of the sixth length
114 is equal to about 2.5 millimeters, a magnitude of the first
dual band length 118 is equal to about 4.5 millimeters, a
magnitude of the second dual band length 122 is equal to
about 7.5 millimeters, a magnitude of the first width 96 is
equal to about 7 millimeters, a magnitude of the second width
100 is equal to about 4 millimeters, a magnitude of the third
width 104 is equal to about 2 millimeters, a magnitude of the
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fourth width 108 is equal to about 2 millimeters, a magnitude
of the fifth width 112 is equal to about 2 millimeters, a
magnitude of the sixth width 116 is equal to about 2 millime-
ters, a magnitude of the first dual band width 120 is equal to
about 2 millimeters, and a magnitude of the second dual band
width 124 is equal to about 2 millimeters.

A second exemplary embodiment of the dual band RF
antenna structure 50 is illustrated in FIG. 18, such that a
magnitude of the first length 94 is equal to about 23 millime-
ters, a magnitude of the second length 98 is equal to about 5.5
millimeters, a magnitude of the third length 102 is equal to
about 5.5 millimeters, a magnitude of the fourth length 106 is
equal to about 4.5 millimeters, a magnitude of'the fifth length
110 is equal to about 10 millimeters, a magnitude of the sixth
length 114 is equal to about 2.5 millimeters, a magnitude of
the first dual band length 118 is equal to about 4.5 millimeters,
a magnitude of the second dual band length 122 is equal to
about 7 millimeters, a magnitude of the first width 96 is equal
to about 7 millimeters, a magnitude of the second width 100
is equal to about 4 millimeters, a magnitude of the third width
104 is equal to about 2 millimeters, a magnitude of the fourth
width 108 is equal to about 2 millimeters, a magnitude of the
fifth width 112 is equal to about 2 millimeters, a magnitude of
the sixth width 116 is equal to about 2 millimeters, a magni-
tude of the first dual band width 120 is equal to about 2
millimeters, a magnitude ofthe second dual band width 124 is
equal to about 2 millimeters. The loading plate 12 is illus-
trated in FIG. 22, such that the loading plate dielectric layer
130 is about 1.6 millimeters thick and is formed using the FR4
PCB material. The first and the second ends 14, 16 of the
loading plate dielectric layer 130 may extend beyond the first
and the second ends 14, 16 of the first loading plate conduc-
tive layer 128 and the second loading plate conductive layer
134. In addition to the multiple via holes 132 electrically
connecting the first loading plate conductive layer 128 to the
second loading plate conductive layer 134, conductive layers
on the edges of the loading plate dielectric layer 130 may
electrically connect the first loading plate conductive layer
128 to the second loading plate conductive layer 134. The
planar structure 136 is illustrated in FIG. 27, such that the
planar structure dielectric layer 140 is about 1.6 millimeters
thick and is formed using the FR4 PCB material.

An application example of the RF antenna structure 10 or
the dual band RF antenna structure 50 is their use to form an
RF antenna 144, which is included in a wireless local area
network (WLAN) access point 146, the basic architecture of
which is represented in FIG. 29. The WL AN access point 146
may include a receiver front end 148, a radio frequency trans-
mitter section 150, the RF antenna 144, a duplexer or switch
152, a baseband processor 154, a control system 156, and a
frequency synthesizer 158. The receiver front end 148
receives information bearing RF signals from one or more
end users (not shown). A low noise amplifier (LNA) 160
amplifies the signal. A filter circuit 162 minimizes broadband
interference in the received signal, while down conversion
and digitization circuitry 164 down converts the filtered,
received signal to an intermediate or baseband frequency
signal, which is then digitized into one or more digital
streams. The receiver front end 148 typically uses one or more
mixing frequencies generated by the frequency synthesizer
158. The baseband processor 154 processes the digitized
received signal to extract information or data bits conveyed in
the received signal. This processing typically comprises
demodulation, decoding, and error correction operations. As
such, the baseband processor 154 is generally implemented in

one or more digital si%nal rocessors (DSPs).
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On the transmit side, the baseband processor 154 receives
digitized data, which may represent voice, data, or control
information, from the control system 156, which the base-
band processor 154 encodes for transmission to the end users.
The encoded data is output to the transmitter 150, where it is
used by a modulator 166 to modulate a carrier signal that is at
a desired transmit frequency. Power amplifier circuitry 168
amplifies the modulated carrier signal to a level appropriate
for transmission, and delivers the amplified and modulated
carrier signal to the antenna 144 through the duplexer or
switch 152.

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

What is claimed is:

1. A radio frequency (RF) antenna structure comprising:

aloading plate having a first length, a first width, a first end,

a second end, a first planar conductive surface, and a first

planar surface, such that the first length, the first width,

the first planar conductive surface, and the first planar
surface are about parallel to a ground plane; and

aplanar structure, which is about perpendicular to the first
planar conductive surface, and comprising:

a first conductive matching element having a second
length, a second width, a third end, and a fourth end,
such that the second length is about perpendicular to
the first planar conductive surface, the second width is
about parallel to the first length, the third end is adja-
cent to the first planar surface, the third end is electri-
cally connected to the first planar conductive surface,
the third end is biased towards the first end, and the
fourth end is between the third end and the ground
plane;

a first conductive element having a third length, a third
width, a fifth end, and a sixth end, such that the third
length is about perpendicular to the first planar con-
ductive surface, the fifth end is adjacent to the first
planar surface, the fifth end is electrically connected
to the first planar conductive surface, and the sixth end
is between the fifth end and the ground plane; and

a second conductive matching element having a fourth
length, a fourth width, a seventh end, and an eighth
end, such that the fourth length is about parallel to the
first length, the seventh end is biased toward the sixth
end, the seventh end is electrically connected to the
first conductive element, and the eighth end is
between the seventh end and the first conductive
matching element,

wherein the fourth end is adapted to transfer RF signals

between the RF antenna structure and RF communica-

tions circuitry.

2. The RF antenna structure of claim 1 wherein the first
planar conductive surface is continuously conductive without
any insulating areas.

3. The RF antenna structure of claim 1 wherein the first
planar conductive surface has a plurality of via holes, such
that the first planar conductive surface is continuously con-
ductive without any insulating areas except for the plurality of
via holes.

4. The RF antenna structure of claim 3 wherein the loading
plate is formed using a first loading plate conductive layer
having the first planar conductive surface, a second loading
plate conductive layer having a second planar conductive
surface, and a loading plate dielectric layer between the first

loading plate conductive layer and the second loadinf plate
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conductive layer, such that the plurality of via holes electri-
cally connect the first loading plate conductive layer to the
second loading plate conductive layer.

5. The RF antenna structure of claim 1 wherein the loading
plate is formed using a first loading plate conductive layer
having the first planar conductive surface and a loading plate
dielectric layer, such that the loading plate dielectric layer is
about parallel to the first loading plate conductive layer.

6. The RF antenna structure of claim 1 wherein a shape of
the first planar conductive surface is about rectangular.

7. The RF antenna structure of claim 1 wherein the first
planar surface provides the first planar conductive surface, at
least a portion of the third end contacts a portion of the first
planar conductive surface along a lengthwise centerline of the
first planar surface, at least a portion of the fifth end contacts
a portion of the first planar conductive surface at the length-
wise centerline of the first planar surface, the fifth end is
biased towards the second end, and the seventh end is adjacent
to the sixth end.

8. The RF antenna structure of claim 1 wherein the loading
plate, the planar structure, and the ground plane form a modi-
fied inverted-L single band RF antenna.

9. The RF antenna structure of claim 8 wherein the modi-
fied inverted-L single band RF antenna is associated with an
operating band, such that:

the operating band has a center frequency, an upper fre-
quency, and a lower frequency;

a return loss with a 50 ohm load impedance is greater than
about 10 decibels over a contiguous range of frequencies
between the lower frequency and the upper frequency;
and

a magnitude of the upper frequency minus a magnitude of
the lower frequency is at least 15 percent of a magnitude
of the center frequency.

10. The RF antenna structure of claim 9 wherein:

a first value is equal to about 150 millimeters per nanosec-
ond divided by the magnitude of the center frequency in
gigahertz;

a second value is equal to about 37.5 millimeters per nano-
second divided by the magnitude of the center frequency
in gigahertz; and

amagnitude of the first length is between the first value and
the second value.

11. The RF antenna structure of claim 10 wherein the

center frequency is about 5.3625 gigahertz.

12. The RF antenna structure of claim 9 wherein the upper
frequency is greater than about 5.825 gigahertz, the lower
frequency is less than about 4.9 gigahertz, and the center
frequency is about 5.3625 gigahertz.

13. The RF antenna structure of claim 1 wherein the load-
ing plate, the planar structure, and the ground plane form a
dual band RF antenna by superposition of a bent folded-
monopole RF antenna and a modified inverted-L RF antenna.

14. The RF antenna structure of claim 13 wherein the dual
band RF antenna is associated with a first operating band and
a second operating band, such that:

the first operating band has a first center frequency, a first
upper frequency, and a first lower frequency;

a return loss with a 50 ohm load impedance is greater than
about 10 decibels across a contiguous range of frequen-
cies between the first lower frequency and the first upper
frequency;

amagnitude of the first upper frequency minus a magnitude
of the first lower frequency is at least 15 percent of a
magnitude of the first center frequency; and

the second operating band has a second center frequency.
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15. The RF antenna structure of claim 14 wherein:

a first value is equal to about 150 millimeters per nanosec-
ond divided by the magnitude of the first center fre-
quency in gigahertz;

a second value is equal to about 37.5 millimeters per nano-
second divided by the magnitude of the first center fre-
quency in gigahertz;

a third value is equal to about 150 millimeters per nano-
second divided by a magnitude of the second center
frequency in gigahertz;

a fourth value is equal to about 37.5 millimeters per nano-
second divided by the magnitude of the second center
frequency in gigahertz;

a first effective length is about equal to a distance between
the first end and the third end;

a magnitude of the first length is between the third value
and the fourth value; and

a magnitude of the first effective length is between the first
value and the second value.

16. The RF antenna structure of claim 15 wherein the
magnitude of the first center frequency is about 5.3625 giga-
hertz and the magnitude of the second center frequency is
about 2.44175 gigahertz.

17. The RF antenna structure of claim 14 wherein the first
upper frequency is greater than about 5.825 gigahertz, the first
lower frequency is less than about 4.9 gigahertz, the first
center frequency is about 5.3625 gigahertz, and the second
center frequency is about 2.44175 gigahertz.

18. The RF antenna structure of claim 14 wherein the
planar structure further comprises a first dual band conductive
element having a first dual band length, a first dual band
width, a first dual band end, and a second dual band end, such
that the first dual band length is about perpendicular to the
first planar conductive surface, the first dual band width is
about parallel to the first length, the first dual band end is
adjacent to the eighth end, the eighth end is electrically con-
nected to the first dual band conductive element, and the
second dual band end is electrically connected to the ground
plane.

19. The RF antenna structure of claim 1 wherein:

the first conductive matching element has a first edge,
which is about perpendicular to the first planar conduc-
tive surface;

the first conductive matching element has a second edge,
which is about perpendicular to the first planar conduc-
tive surface and is about parallel to and opposite from the
first edge;

the second edge is between the first edge and the first
conductive element;

the first conductive element has a third edge, which is about
perpendicular to the first planar conductive surface;

the first conductive element has a fourth edge, which is
about perpendicular to the first planar conductive sur-
face and is about parallel to and opposite from the third
edge;

the third edge is between the fourth edge and the first
conductive matching element;

at least a portion of the seventh end contacts a portion of the
third edge; and

the first edge is about flush with the first end.

20. The RF antenna structure of claim 19 wherein the
planar structure further comprises a second conductive ele-
ment having a fifth length, a fifth width, a ninth end, a tenth
end, and a fifth edge, such that:

the fifth length is about parallel to the first length;

the fifth width is about perpendicular to the first planar
conductive surface;
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the ninth end is electrically connected to the first conduc-

tive matching element;

the tenth end is electrically connected to the first conduc-

tive element;

the fifth edge is electrically connected to the first planar

conductive surface;

at least a portion of the ninth end contacts a portion of the

second edge; and

at least a portion of the tenth end contacts a portion of the

third edge.

21. The RF antenna structure of claim 20 wherein

at least a portion of the third end contacts a portion of the

first planar surface;

at least a portion of the fifth end contacts a portion of the

first planar surface; and

at least a portion of the fifth edge contacts a portion of the

first planar surface.

22. The RF antenna structure of claim 20 wherein the
planar structure is formed using a first planar structure con-
ductive layer and a planar structure dielectric layer about
parallel to the first planar structure conductive layer, such that
the first planar structure conductive layer provides the first
conductive matching element, the first conductive element,
the second conductive matching element, and the second
conductive element.

23. The RF antenna structure of claim 20 wherein the
planar structure is formed using a first planar structure con-
ductive layer, a second planar structure conductive layer, and
a planar structure dielectric layer between the first planar
structure conductive layer and the second planar structure
conductive layer, such that the first planar structure conduc-
tive layer provides the first conductive matching element, the
first conductive element, the second conductive matching
element, and the second conductive element.

24. The RF antenna structure of claim 20 wherein the
fourth edge is about flush with the second end.

25. The RF antenna structure of claim 20 wherein:

the planar structure further comprises a third conductive

element having a sixth length, a sixth width, an eleventh
end, a twelfth end, and a sixth edge;

the sixth length is about perpendicular to the first planar

conductive surface;

the sixth width is about parallel to the first length;

the eleventh end is electrically connected to the first con-

ductive matching element;

at least a portion of the eleventh end contacts a portion of

the fourth end;

the second edge is about flush with the sixth edge; and

the twelfth end is adapted to transfer the RF signals

between the RF antenna structure and the RF commu-
nications circuitry.

26. The RF antenna structure of claim 20 wherein:

the planar structure further comprises a first dual band

conductive element having a first dual band length, a first
dual band width, a first dual band end, a second dual
band end, and a first dual band edge;

the first dual band length is about perpendicular to the first

planar conductive surface;

the first dual band width is about parallel to the first length;

the first dual band end is adjacent to the eighth end;

the eighth end is electrically connected to the first dual

band conductive element;

at least a portion of the eighth end contacts a portion of the

first dual band edge; and

the second dual band end is electrically connected to the

ground plane.
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27. The RF antenna structure of claim 26 wherein:

the planar structure further comprises a second dual band
conductive element having a second dual band length, a
second dual band width, a third dual band end, a fourth
dual band end, and a second dual band edge;

the second dual band length is about parallel to the first
length;

the second dual band width is about perpendicular to the
first planar conductive surface;

at least a portion of the third dual band end contacts a
portion of the fourth edge;

the third dual band end is electrically connected to the first
conductive element;

at least a portion of the second dual band edge contacts a
portion of the first planar surface;

the second dual band edge is electrically connected to the
first planar conductive surface; and

15

24

the fourth dual band end is about flush with the second end.

28. The RF antenna structure of claim 27 wherein:

the planar structure further comprises a third conductive
element having a sixth length, a sixth width, an eleventh
end, a twelfth end, and a sixth edge;

the sixth length is about perpendicular to the first planar
conductive surface;

the sixth width is about parallel to the first length;

the eleventh end is electrically connected to the first con-
ductive matching element;

at least a portion of the eleventh end contacts a portion of
the fourth end;

the second edge is about flush with the sixth edge; and

the twelfth end is adapted to transfer the RF signals
between the RF antenna structure and the RF commu-
nications circuitry.

#* #* #* #* #*
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1
ANTENNA APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna apparatus, and
more particularly, to an antenna apparatus used for receiving
radio waves for GPS (Global Positioning System) or satellite
radio.

2. Description of Related Art

With the development of mobile communication devices
and small communication devices (e.g., car navigation sys-
tems and portable navigation systems with GPS, satellite
wave receivers, and the like) of recent years, it is required to
miniaturize the antenna apparatus used for these devices and
to enhance performance thereof.

In this regard, among antenna apparatuses, a flat antenna
apparatus (e.g., circular polarized patch antenna or the like)
has a merit that the apparatus is thin and small due to its
structure, and it is relatively easy to integrate with a semicon-
ductor circuit and thus, the flat antenna apparatus is widely
applied as an antenna for small communication devices.

As such a flat antenna apparatus, there is known an antenna
apparatus having a dielectric substrate comprising high
dielectric such as ceramic, a radiating element provided on a
surface of the dielectric substrate, and a circuit substrate (for
example Japanese Patent Application Laid-open No. 2003-
264424).

Such an antenna apparatus is provided with a power supply
pin such as to pass through the dielectric substrate, the circuit
substrate and a reflective element. The power supply pin is
soldered and fixed to the antenna apparatus.

In recent years, antenna apparatuses in which a ceramic
dielectric substrate is omitted and an antenna element formed
of'a metal plate is disposed on a circuit substrate at a distance
therefrom have been developed. In the case of such an antenna
apparatus, if the power supply pin passes through the circuit
substrate and the antenna element and the power supply pin is
soldered to the circuit substrate and the antenna element, a
passing portion of the circuit substrate and a passing portion
of'the antenna element are soldered. However, if an attempt is
made to solder one of the passing portions after the soldering
operation of the other passing portion is completed, heat of
the latter soldering operation of the one passing portion is
transmitted to the other passing portion through the power
supply pin. Consequently, solder of the other passing portion
which was already solidified is melted when the one of the
passing portions is soldered, and the power supply pin could
drop in some cases.

Further, if a crack is generated in the soldered portion
between the antenna element and the power supply pin due to
external force after the soldering operation, there is a possi-
bility that flow of current is hindered and desired antenna
performance can not be exhibited.

SUMMARY OF THE INVENTION

It is, therefore, a main object of the present invention to
provide an antenna apparatus to enhance holding properties
of'a power supply pin without depending on a soldering state.

According to a first aspect of the present invention, there is
provided an antenna apparatus, comprising:

a power supply pin;

acircuit substrate having a first through hole through which
the power supply pin passes; and

an antenna element having a second through hole which
faces with the first through hole and through which the power
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supply pin passes, the antenna element being disposed at a
distance from the circuit substrate; wherein

the second through hole is formed smaller than a shaft
diameter of the power supply pin and is widen by the power
supply pin; and

a periphery of the second through hole of the antenna
element is curved to be convex toward the circuit substrate,
and the power supply pin is fixedly nipped by a tip end of the

periphery.
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages, and features of
the present invention will become more fully understood
from the detailed description given hereinbelow and the
appended drawings which are given by way of illustration
only, and thus are not intended as a definition of the limits of
the present invention, wherein:

FIG. 1 is a schematic perspective view showing a structure
of the antenna apparatus of the embodiment; and

FIG. 2 is a sectional view of the antenna apparatus shown
in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An antenna apparatus of the embodiment will be explained
with reference to the drawings.

FIG. 1 is a schematic perspective view showing a structure
of'the antenna apparatus, and FIG. 2 is a sectional view of the
antenna apparatus. As shown in FIGS. 1 and 2, the antenna
apparatus 1 includes a square circuit substrate 2, an antenna
element 3 disposed at a distance from the circuit substrate 2,
and a power supply pin 4 which passes through the circuit
substrate 2 and the antenna element 3.

The circuit substrate 2 is formed with a first through hole 21
through which the power supply pin 4 passes. The first
through hole 21 has an inner diameter which is equal to or
greater than a shaft diameter of the power supply pin 4. A
conductive layer (not shown) is formed on a back surface of
the circuit substrate 2, and a circuit element such as a low
noise amplifier (LNA) or the like is mounted on the conduc-
tive layer.

The antenna element 3 is provided with a square main body
31 disposed at a predetermined distance from the circuit
substrate 2. A second through hole 33 is formed in the main
body 31 at a location opposed to the first through hole 21 of
the circuit substrate 2. The power supply pin 4 passes through
the second through hole 33. The second through hole 33 is
formed smaller than the shaft diameter of the power supply
pin 4. As shown in FIG. 2, a periphery 34 of the second
through hole 33 in the antenna element 3 is curved such as to
be convex toward the circuit substrate 2, and a tip end of the
periphery 34 fixedly nips the power supply pin 4.

The power supply pin 4 is provided with a shaft portion 41
and a large-diameter portion 42. The shaft portion 41 is longer
than a distance between the circuit substrate 2 and the main
body 31 of the antenna element 3. The large-diameter portion
42 has such a thickness and a diameter that the large-diameter
portion 42 is accommodated in a recess 35 formed by curving
of the periphery 34 of the second through hole 33 in the
antenna element 3. A tip end of the shaft portion 41 of the
power supply pin 4 which passes through the antenna element
3 and the circuit substrate 2 is fixed by solder 5.

An effect of the embodiment will be explained next.

When the antenna apparatus 1 is to be assembled, a worker
mounts the antenna element 3 on the circuit substrate 2. Then,
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the worker inserts the power supply pin 4 into the second
through hole 33 from the antenna element 3. At that time,
since the periphery 34 of the second through hole 33 is curved
s0 as to be convex toward the passing through direction of the
power supply pin 4, even if the second through hole 33 is
formed smaller than the shaft diameter of the power supply
pin 4, the periphery 34 is deformed so that a curvature is
reduced when the power supply pin 4 is inserted, and the
power supply pin 4 passes through the second through hole
33. After the power supply pin 4 passes through the second
through hole 33, the periphery 34 of the second through hole
33 in the antenna element 3 tries to elastically restore. With
this, the tip end of the periphery 34 fixedly nips the power
supply pin 4.

The worker further pushes the power supply pin 4 so that
the shaft portion 41 passes through the first through hole 21 of
the circuit substrate 2 and a tip end thereof projects from the
circuit substrate 2. The worker solders the projecting portion
and fixes the power supply pin 4 onto the circuit substrate 2.
At the time of the soldering operation, the worker turns the
antenna apparatus 1 over so that the soldering portion is
turned upward, and then the soldering operation is executed.
At that time, the large-diameter portion 42 of the power
supply pin 4 is directed downward, but since the shaft portion
41 is fixedly nipped by the tip end of the periphery 34 of the
second through hole 33 of the antenna element 3, the shaft
portion 41 does not drop.

As described above, according to the embodiment, since
the tip end of the periphery 34 of the second through hole 33
of'the antenna element 3 fixedly nips the power supply pin 4,
the holding properties can be enhanced by inserting the power
supply pin 4 through the second through hole 33. Since the
antenna element 3 and the power supply pin 4 are always in
contact with each other by the fixedly nipping state, the con-
ductive state can always be secured.

The present invention is not limited to the above-described
embodiment and can appropriately be changed.

The tip end of the periphery 34 of the second through hole
33 of the antenna element 3 fixedly nips the entire periphery
of the shaft portion 41 of the power supply pin 4 in the
embodiment. Instead of this structure, the tip end of the
periphery 34 of the second through hole 33 may be divided
into at least three, and the divided tip ends may fixedly nip the
power supply pin. With this, the contact area between the tip
ends of the periphery 34 and the power supply pin 4 is
reduced. Therefore, the power supply pin 4 can smoothly be
inserted into the second through hole 33. The reason why the
tip end is divided into three or more is that positional devia-
tion when the power supply pin 4 is fixedly nipped can be
suppressed.

The tip end of the periphery 34 of the second through hole
33 of the antenna element 3 fixedly nips the power supply pin
4 and the conductive state is secured in the embodiment.
Alternatively, the antenna element 3 and the large-diameter
portion 42 of the power supply pin 4 may be soldered to each
other. With this, more reliable conductive state can be
secured.

According to a first aspect of the preferred embodiments of
the present invention there is provided an antenna apparatus,
comprising:

a power supply pin;
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a circuit substrate having a first through hole through which
the power supply pin passes; and

an antenna element having a second through hole which
faces with the first through hole and through which the power
supply pin passes, the antenna element being disposed at a
distance from the circuit substrate; wherein

the second through hole is formed smaller than a shaft
diameter of the power supply pin and is widen by the power
supply pin; and

a periphery of the second through hole of the antenna
element is curved to be convex toward the circuit substrate,
and the power supply pin is fixedly nipped by a tip end of the
periphery.

Preferably, in the antenna apparatus, the tip end of the
periphery of the second through hole is divided into at least
three, and the divided tip ends fixedly nip the power supply
pin.

In the antenna apparatus, since the periphery of the second
through hole is curved such as to be convex toward the pass-
ing through direction of the power supply pin, even if the
second through hole is made smaller than the shaft diameter
of'the power supply pin, the periphery is deformed such that
the curvature is reduced when the power supply pin is
inserted, and the power supply pin passes through the second
through hole. After the power supply pin passes through the
second through hole, the periphery of the second through hole
of the antenna element elastically tries to restore. With this,
the tip end of the periphery fixedly nips the power supply pin.
Thus, even ifthe power supply pin is not soldered, the holding
properties can be enhanced only by inserting the power sup-
ply pin into the second through hole, and the conductive state
can always be secured.

The entire disclosure of Japanese Patent Application No.
2006-254467 filed on Sep. 20, 2006 including description,
claims, drawings and abstract are incorporated herein by ref-
erence in its entirety.

Although various exemplary embodiments have been
shown and described, the invention is not limited to the
embodiments shown. Therefore, the scope of the invention is
intended to be limited solely by the scope of the claims that
follow.

What is claimed is:

1. An antenna apparatus, comprising:

a power supply pin;

a circuit substrate having a first through hole through which

the power supply pin passes; and
an antenna element having a second through hole which
faces the first through hole and through which the power
supply pin passes, the antenna element being disposed at
a distance from the circuit substrate;

wherein the second through hole is formed to be smaller
than a shaft diameter of the power supply pin and is
widened by the power supply pin; and

wherein a periphery of the second through hole of the

antenna element is curved to be convex toward the cir-
cuit substrate, and the power supply pin is fixedly nipped
by a tip end of the periphery.

2. The antenna apparatus according to claim 1, wherein the
tip end is divided into at least three portions, and the portions
fixedly nip the power supply pin.

#* #* #* #* #*
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1
HANDSET DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 97133801, filed on Sep. 3, 2008. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of specifi-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The application relates to a handset device, particularly a
handset device that uses a conductive strip to change a current
distribution on a ground plane of a system.

2. Description of Related Art

Currently, telecommunications of the public have entered
the age of wireless communications, so handset devices are
used more and more often in different sorts of occasions and
are more and more diverse, such as cell phones, smart phones,
multimedia players, personal digital assistants, satellite posi-
tioning devices, and so on. Different sorts of small-sized
handset devices have been gradually developed and have
become necessary electronic products in the daily lives of
people.

During the development of wireless communications, the
Federal Communications Commission (FCC) further pre-
sented rules of Hearing Aid Compatibility (HAC) to define
the compatibility and safety between the hearing aids and
many kinds of communication equipment. Under rules of
HAC, cell phone manufacturers are obligated to limit the
electromagnetic interference (EMI) of cell phones below a
threshold, wherein the EMI includes electric fields and mag-
netic fields interfering with and affecting the endurance of
hearing aids. Normal HAC does not just seek to solve the
effects of electric fields on hearing aids; interferences by
magnetic fields are not negligible either. It orders that the M3
Rating must be achieved. That is to say, the electric field value
is less than 84.1 V/m and the magnetic field value is less that
0.25 A/m. In addition, cell phone manufacturers further pro-
vided some cell phones that comply with the rules of HAC, so
that audio frequency signals are transmitted to hearing aids
using electromagnetic induction functions of telecoils.

With respect to the realization of cell phones complying
with rules of HAC, present technologies mostly increase dis-
tances between antennas and receivers, so that the limitation
of EMI regulated by the rules of HAC is complied with.
Increases in the distances between the antennas and the
receivers must be realized by changing the positions where
the antennas are disposed. However, present technologies
mostly can only change the positions of the antennas by using
external antennas, as provided in U.S. Pat. No. 7,342,545 B2,
for example. Thereby, not only the exterior design of cell
phones is restricted, but also development towards miniatur-
ization and applications of cell phones is affected.

SUMMARY OF THE INVENTION

The application is directed to a handset device which not
only complies with rules of HAC, but also gives consideration
to development towards miniaturization and applications.

The application provides a handset device, comprising a
ground plane, an antenna, a first conductive strip and a second
conductive strip. The antenna is electrically connected to the
ground plane, and forms a current loop with the ground plane.
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In addition, the ground plane forms a current area according
to the current loop. On the other hand, the first conductive
strip is electrically connected to the current area. The second
conductive strip is coupled to the ground plane and the first
conductive strip. Thereby, the handset device changes a cur-
rent distribution on the ground plane through the first and the
second conductive strips to increase a current density passing
through the current area.

According to an embodiment of the application, the hand-
set device further comprises an absorbing strip electrically
connected to the ground plane. The absorbing strip is an
absorbing material with high permeability to control a change
in a magnetic field formed by an increase in the current
density in the current area.

In an embodiment of the application, the ground plane
comprises a first side and a second side opposite to each other.
In addition, the antenna is disposed along the first side. Fur-
thermore, the first conductive strip and the second conductive
strip are disposed on the second side, and the length of the first
conductive strip is not longer than the length of the second
side. A ground conductor is disposed on the second side and
is electrically connected to the ground plane.

According to an embodiment of the application, the
antenna comprises a radiating part, a feeding part and a short
circuit part. The radiating part of the antenna is disposed
along the first side of the ground plane and parallel to the
ground plane; the feeding part is electrically connected to the
radiating part and the ground plane. In addition, the ground
plane further comprises a third side. The third side is adjacent
to the first side, and the short circuit part of the antenna is
electrically connected to the third side of the ground plane,
wherein the short circuit part is also electrically connected to
the radiating part.

The application uses the first conductive strip and the sec-
ond conductive strip to change the current distribution on the
ground plane, and uses the absorbing strip to inhibit a trans-
mission of the magnetic field. Therefore, in a situation of
disposing the antenna, the handset device of the application
lowers the influence of an electric field and the magnetic field
on a hearing aid when they are near a receiver, so that rules of
HAC are complied with. In other words, the application not
only realizes simultaneous operation of the handset device
and the hearing aid, but also gives consideration to develop-
ment towards miniaturization and applications.

In order to make the aforementioned and other features and
advantages of the application more comprehensible, several
embodiments accompanied with figures are described in
detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings constituting a part of this
specification are incorporated herein to provide a further
understanding of the invention. Here, the drawings illustrate
embodiments of the invention and, together with the descrip-
tion, serve to explain the principles of the invention.

FIG. 1 is a schematic view showing an antenna and a
ground plane.

FIG. 2 is a simulation view showing current distributions
when an antenna 110 is connected to ground planes 120 with
different lengths.

FIG. 3 is a schematic view showing a part of components of
the handset device according to an embodiment of the present
invention.

FIG. 4 is a side view showing the handset device in FIG. 3.
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FIG. 5 is a schematic view showing another part of the
components of the handset device according to an embodi-
ment of the present invention.

FIG. 6 is a schematic view showing still another part of the
components of the handset device according to an embodi-
ment of the present invention.

DESCRIPTION OF EMBODIMENTS

Before illustrating the embodiments of the application,
relationships between a ground plane of the system and radi-
ating properties of an antenna must be clarified. FIG. 1 is a
schematic view showing an antenna and a ground plane,
wherein the antenna is marked as 110 and the ground plane is
marked as 120. Referring to FIG. 1, if the antenna 110 is
assumed as an electronic component, it at least comprises a
radiating part 111, a feeding part 112 and a short circuit part
113. Here, the radiating part 111 is used to receive or send
signals, the feeding part 112 is used to feed signals, and the
short circuit part 113 must be connected to the ground plane
120. The radiating part 111, the feeding part 112 and the short
circuit part 113 are electrically connected to one another.

In general, the antenna 110 forms a complete current loop
with the ground plane 120 and in a stable condition. The
ground plane 120 forms a current area according to the cur-
rent loop. For example, the current area includes a low current
area and a high current area. At this moment, the antenna 110
has the best radiating efficiency. In addition, there is a current
distribution on the ground plane 120, and radiating properties
of'the antenna 110 also change due to variations of the current
distribution on the ground plane 120.

For example, FIG. 2 is a simulation view showing the
current distributions when the antenna 110 is connected to the
ground planes 120 with different lengths, wherein L signifies
the lengths of the ground planes. Referring to FIG. 2, it is
proved that the ground plane 120 is one of the main param-
eters affecting distributions of various sorts of energy, for
example, currents, electric fields, magnetic fields, radiating
effects. When the length L of the ground plane 120 is approxi-
mately the resonant wavelength of the antenna 110, the
antenna 110 is viewed as a symmetrical antenna structure (a
dipole antenna), and the current distribution of the ground
plane 120 is uniform.

Oppositely, when the length L of the ground plane 120 is
longer than the resonant wavelength of the antenna 110, the
antenna 110 is viewed as an asymmetrical antenna structure,
so that the current distribution of the ground plane 120 is
affected and performance of a radiating pattern is indirectly
affected. By using a vector magnetic potential of a wave
equation to analyze the relationship of the radiating pattern, it
is known that a direction in which a current density decreases
is a direction in which an electric field increases.

More importantly, since an electric field value at a position
of a receiver is the main factor determining HAC, in the
technical measurements of the application, current densities
around the receiver and the ground plane of the system are
changed to lower the electric field value, and the direction in
which the current density decreases is the direction in which
the electric field increases. For example, the antenna structure
of'the handset device is designed on a far side of the receiver,
and an extended grounding strip in the receiver end is used to
change a distribution of a current null point; therefore a cur-
rent density near the receiver end is increased, and a current
density around an area of the antenna is decreased at the same
time, so that the electric field value ofthe receiveris decreased
to comply with the rules of HAC by the FCC.
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Furthermore, a floating metal sheet is attached to a housing
of'the handset device, with an appropriate distance away from
the ground plane of the system at the receiver end. By using a
capacitance effect generated by the metal sheet and the sys-
tem ground plane, the current distribution on the ground plane
is changed at the same time when charges are accumulated, so
that a current in a specific area near the receiver end is
increased, achieving an effect of lowering the electric field.

However, when lowering the electric field using the above
method, a magnetic field value of the receiver end is corre-
spondingly increased slightly due to the increase in the cur-
rent density. The magnetic field value must also comply with
rules of the FCC, so the application adds an absorber with
high permeability at specific places, such as a substrate, in the
handset device to control a distribution of the magnetic field,
and to restrain transmission of the magnetic field at the same
time. The following uses the above concepts to illustrate the
embodiments of the application.

FIG. 3 is a schematic view showing part of components of
the handset device according to an embodiment of the present
invention. FIG. 4 is a side view showing the handset device in
FIG. 3. Referring to FIG. 3, the handset device comprises a
ground plane 310, an antenna 320, a first conductive strip 330,
a second conductive strip 340, an absorbing strip 350 and a
ground conductor 360. The ground plane 310 comprises a
first side SD31 and a second side SD32 opposite to each other,
and a third side SD33. In addition, the handset device 300 is,
forexample, a personal digital assistant phone, a smart phone,
a satellite positioning device or a personal digital assistant.

In general operation, the antenna 320 is electrically con-
nected to the ground plane 310, and forms a complete current
loop with the ground plane 310 in a stable condition. There-
fore, the handset device 300 can use the antenna 320 to
receive and send signals. Relatively, there is a corresponding
current distribution on the ground plane 310 according to the
current loop, so that at least one high current area AR31 and
at least one low current area AR32 are formed.

According to the present embodiment, since the antenna
320 is disposed along the first side SD31 of the ground plane
310 and electrically connected to the third side SD33 adjacent
to the first side SD31, the ground plane 310 generates a
corresponding current distribution. The low current area
AR32 is distributed around the second side. SD32 of the
ground plane 310, and the high current area AR31 is distrib-
uted in middle of the ground plane 310.

It should be noted that, a person of ordinary skill in the
related art may arbitrarily change the disposed position of the
antenna 320 according to design requirement. In addition, the
current distribution on the ground plane changes along with a
length of the ground plane 310 and a disposed position of the
antenna 320. Therefore, relative disposed positions of the
antenna 320 and the ground plane 310, and the distributions of
the low current area AR32 and the high current area AR31,
according to the present embodiment, are not used to limit the
application.

Continue referring to FIG. 3, the antenna 320 comprises a
radiating part 321, a feeding part 322 and a short circuit part
323. The radiating part 321 is disposed along the first side
SD31 ofthe ground plane 310 and parallel to the ground plane
310. In addition, the short circuit part 323 is electrically
connected to the third side SD33 of the ground plane 310. On
the other hand, the ground conductor 360 is disposed on the
second side SD32 of the ground plane 310 to be electrically
connected to the ground plane 310.

The first conductive strip 330 is disposed parallel to the
second side SD32 of the ground plane 310, and is electrically
connected to the low current area AR32 of the ground plane
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310 through the ground conductor 360. A length of the first
conductive strip 330 is not longer than a length of the second
side SD32 of the ground plane 310. Furthermore, the second
conductive strip 340 is coupled to the ground plane 310 and
the first conductive strip 330. In practice, a disposed position
of'the second conductive strip 340 is substantially parallel to
the low current area AR32 of the ground plane 310.

When the first conductive strip 330 and the second conduc-
tive strip 340 are not yet disposed in the handset device, the
current on the ground plane 310 is mainly focused near the
antenna 320, which is the high current area AR31. This means
that at this moment, the radiating pattern is mainly oriented
towards the ground plane 310; as mentioned before, a direc-
tion in which a current density decreases is a direction in
which an electric field increases.

To alleviate the above situation, the present embodiment
uses the first conductive strip 330 and the second conductive
strip 340 to change the current distribution on the ground
plane 310. In the present embodiment, the first conductive
strip 330 is used to change a distribution of a current null point
of the ground plane 310. In addition, a capacitance effect
generated by the second conductive strip 340 and the ground
plane 310 changes the current distribution on the ground
plane 310 at the same time when charges are accumulated.

Therefore, when the first conductive strip 330 and the
second conductive strip 340 are disposed in the handset
device 320, a current flowing through the low current area
AR32 increases relatively, so that the current near the antenna
is decreased. Accordingly, when a receiver (not shown) of the
handset device 300 is disposed in a corresponding position to
the second side SD32 of the ground plane 310, since the
current flowing through the low current area AR32 increases,
interference to the receiver by the electric field is effectively
decreased.

More specifically, the absorber 350 is disposed in a corre-
sponding position to the high current area AR31 ofthe ground
plane 310. In addition, the absorbing strip is a absorbing
material with high permeability to change a magnetic field
distribution formed within the high current area AR31 and
control a change in the magnetic field formed by an increase
in a current density in the current area. Regarding a method
for decreasing the magnetic field, it is mainly based on trans-
mission properties according to Snell’s law. When wave are
transmitted in two different material, reflection and refraction
phenomena will occur at the interface. In practice, the absorb-
ing strip 350 can be disposed in any position in a housing 410
(preferred in high current density area), as long as the absorb-
ing strip 350 is electrically connected to the ground plane 310
of the system.

A refracted wave has different refraction angles according
to properties of the material. When a wave enters a medium
with high permeability from a medium with low permeability,
the refraction angle is larger than the incident angle. More-
over, when the incident angle is larger than a critical angle, the
refracted wave is transmitted along an interface between the
two medium and is confined in surfaces of the medium. The
surface wave recedes as a traveled distance increases, and
transmission of the magnetic field is also restrained at the
same moment.

FIG. 5 is a schematic view showing another part of the
components of the handset device according to an embodi-
ment of the present invention. Referring to both FIGS. 3 and
5, a detailed structure of the handset device 300 is shown. The
handset device 300 further comprises a housing 410 and a
through hole 420. The housing 410 is used to accommodate
the ground plane 310, the antenna 320, the second conductive
strip 340 and the absorbing strip 350. In addition, the first
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conductive strip 330 is disposed on an outer wall of the
housing 410. The through hole 420 is used to penetrate
through the housing 410. Therefore, the ground conductor
360 is inserted through the through hole 420 to be electrically
connected to the ground plane 310 and the first conductive
strip 330.

It should be noted that, according to the embodiment of
FIG. 5, the ground plane 310 is disposed on an inner wall of
the housing 410. However, referring FIG. 6, the ground plane
310 may also be disposed on a substrate 510, wherein FIG. 6
is a schematic view showing still another part of the compo-
nents of the handset device according to an embodiment of
the application. Referring to both FIGS. 3 and 6, the handset
device 300 further comprises a substrate 510, which is, for
example, a printed circuit board. According to the embodi-
ment in FIG. 6, the substrate 510 is disposed inside the hous-
ing 410. In addition, the ground plane 310 is disposed on a
surface of the substrate 510, and the absorbing strip 350 is
adhered to the other surface of the substrate, or the ground
plane 310 and the absorbing strip 350 are disposed on the
same surface of the substrate 510.

In summary, the application uses the first conductive strip
and the second conductive strip to change the current distri-
bution on the ground plane, so that effects on a hearing aid by
the electric field are decreased. In addition, the application
further uses the absorbing strip to restrain the transmission of
the magnetic field. Therefore, in a situation of disposing the
antenna, the handset device of the application complies with
rules of HAC defined by the FCC. In other words, the appli-
cation not only realizes the simultaneous operation of the
handset device and the hearing aid, but also gives consider-
ation to development towards miniaturization and applica-
tions.

Although the application has been described with refer-
ence to the above embodiments, application ofthe application
is not limited to these embodiments. It will be apparent to one
of the ordinary skill in the art that modifications to the
described embodiment may be made without departing from
the spirit of the invention. Accordingly, the scope of the
invention will be defined by the attached claims not by the
above detailed descriptions.

What is claimed is:

1. A handset device, comprising:

a ground plane;

an antenna, electrically connected to the ground plane and
forming a current loop with the ground plane, wherein
the ground plane forms a current area according to the
current loop;

afirst conductive strip, electrically connected to the current
area, the first conductive strip changing a current distri-
bution on the ground plane to increase a current density
passing through the current area; and

a ground conductor, disposed on the ground plane along a
first direction perpendicular to the ground plane and
curved into an L shape, wherein the first conductive strip
is parallel to the first direction and electrically connected
to the ground plane through the ground conductor.

2. The handset device of claim 1, further comprising:

a second conductive strip, coupled to the ground plane and
the first conductive strip, wherein the first and the second
conductive strips change the current distribution on the
ground plane to increase the current density passing
through the current area.

3. The handset device of claim 2, wherein the ground plane

comprises a first side and a second side opposite to each other,
and the antenna is disposed along the first side.





US 8,040,284 B2

7

4. The handset device of claim 3, wherein the first conduc-
tive strip and the second conductive strip are disposed on the
second side, and a length of the first conductive strip is not
longer than a length of the second side.

5. The handset device of claim 3, wherein the antenna
comprises:

aradiating part, disposed along the first side and parallel to

the ground plane;

a feeding part, electrically connected to the radiating part

and the ground plane; and

a short circuit part, electrically connected to a third side

adjacent to the first side, wherein the ground plane fur-
ther comprises the third side, and the short circuit part is
electrically connected to the radiating part.

6. The handset device of claim 1, further comprising:

an absorbing strip, electrically connected to the ground

plane, the absorbing strip being absorbing material with
high permeability to control a change in a magnetic field
formed by an increase in the current density of the cur-
rent area.

7. The handset device of claim 1,

wherein the ground conductor is electrically connected the

antenna and the ground plane.

20

8

8. The handset device of claim 1, further comprising:

a housing; and

a through hole, used to penetrate through the housing,
wherein the first conductive strip is disposed on an outer
wall of the housing, and the ground conductor is inserted
through the through hole to be electrically connected to
the ground plane and the first conductive strip.

9. The handset device of claim 8, wherein the ground plane

is disposed on an inner wall of the housing.
10. The handset device of claim 8, further comprising:
a substrate, disposed inside the housing, wherein the
ground plane is disposed on a surface of the substrate,
and the absorbing strip is adhered to the other surface of
the substrate, or the ground plane and the absorbing strip
are disposed on the same surface of the substrate.
11. The handset device of claim 10, wherein the substrate is
a printed circuit board.

12. The handset device of claim 1, wherein the handset
device is a personal digital assistant phone, a smart phone, a
satellite positioning device or a personal digital assistant.
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1
H-TYPE MONOPOLE ISOLATION ANTENNA

TECHNICAL FIELD

The present invention relates to an H-type monopole iso-
lation antenna; and, more particularly, to an H-type monopole
isolation antenna for isolating a transmitting signal and a
receiving signal in a co-channel, a co-polarization and a co-
direction.

BACKGROUND ART

Anisolation technology for separating transmitting/receiv-
ing signals in an antenna has been studied for a long time. The
conventional isolation technology can be divided into two
technologies according to propagation direction.

The first one is a unidirectional repeater, i.c., an antenna
technology for receiving a receiving signal in the rear part and
transmitting an amplified signal in the front part. This tech-
nology is used in a repeater system for co-channel broadcast-
ing and it will be called a unidirectional isolation technology
hereinafter. In the antenna technology, the transmitting signal
is not transmitted in a direction that the transmitting signal is
received, and a repeater for the co-channel broadcasting is
used representatively and generally.

Since the unidirectional isolation technology gains high
isolation by setting up high-directional antennas in opposi-
tion to each other and spacing them from each other, the
unidirectional isolation technology has a shortcoming that it
requires much space for setup.

Therefore, a broadcasting repeater using the conventional
unidirectional isolation technology is used by setting up a
receiving antenna in the lower part of a high iron tower and a
transmitting antenna in the upper part.

The other conventional technology is a bi-directional iso-
lation technology for re-transmitting in a co-direction. Spe-
cifically, there is a bi-directional isolation technology based
on polarization.

That is, the technology raises the degree of isolation of the
transmitting/receiving signals by generating polarizations of
the transmitting/receiving signals.

However, the conventional bi-directional isolation technol-
ogy has a problem that a distance length should be sufficiently
acquired between the receiving antenna, i.e., the horizontal
polarization and the transmitting antenna, i.e., the vertical
polarization.

Another conventional technology, which is not applied to a
practical system, generates the transmitting signal and the
receiving signal, whose polarizations are perpendicular to
each other, and maintains isolation between two terminals by
vertically setting up their feed in a patch antenna. This is
revealed in an article by Karode, in IEE National Conference
on Antennas and Propagation, pp. 49-52, April 1999).

Also, Hao has realized an isolation technology by differ-
entiating polarization generation of the patch antenna apply-
ing a photo band gap (PBG) structure in an article published
in IEE, 11” International Conference on Antenna Propaga-
tion, pp. 86-89, April 2001).

However, as shown in the result, since the isolation for a
co-frequency of the transmitting/receiving signals is very
low, the technology is not proper as an antenna for co-channel
bi-directional communications in diverse fields of mobile
communications, short distance communications, a broad-
casting repeater and satellite communications requiring high
isolation for the co-frequency.

In the result of the conventional technologies suggested by
Karodo and Hao, isolation is not more than about 60 dB
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although transmitting/receiving frequency bands or polariza-
tions are different from each other.

Therefore, the isolation antenna, which is required for a
co-channel wireless Local Area Network (LAN) low output
repeater, a Radio Frequency (RF) reader antenna, an antenna
for testing Radar Cross Section (RCS), and an isolation
antenna capable of co-channel, co-polarization and bi-direc-
tional communications which is necessary in co-channel bi-
directional communication devices.

DISCLOSURE OF INVENTION
Technical Problem

Itis, therefore, an object of the present invention to provide
an H-type monopole isolation antenna which can gain a high
bi-directional transmitting/receiving isolation between a
transmitting antenna and a receiving antenna of co-channel/
co-polarization by including an antenna symmetrically posi-
tioned in the right/left sides based on a covering means
between them.

Other objects and advantages of the invention will be
understood by the following description and become more
apparent from the embodiments in accordance with the
present invention, which are set forth hereinafter. It will be
also apparent that objects and advantages of the invention can
be embodied easily by the means defined in claims and com-
binations thereof.

Technical Solution

In accordance with one aspect of the present invention,
there is provided a transmitting/receiving isolation antenna
maintaining high isolation between a transmitting signal and
a receiving signal, including: a cover which includes a con-
ductor; and first and second antennas which are symmetri-
cally positioned in right and left parts of the covering means
and operated as a transmitting antenna or a receiving antenna
respectively.

In accordance with another aspect of the present invention,
the antenna further includes: a supporter for supporting the
cover by being connected to a lower central part of the cover
and a base for vertically fixing the supporter on a surface.

Advantageous Effects

The present invention can acquire high isolation more than
75 dB although the transmitting/receiving antennas are set up
adjacently and a small covering housing is used in a co-
channel, co-polarization and co-direction.

Also, the present invention can realize high isolation by a
small antenna and it can be applied to a bi-directional antenna
or an antenna requiring high bi-directional transmission/re-
ception isolation, such as a wireless Local Area Network
(LAN), a Radio Frequency Identification (RFID) reader, a
monitoring system, a Radar Cross Section (RCS) measuring
system and a co-channel mobile communication system.

Also, since the antenna of the present invention can be
fabricated in the form of a wall-hanging device or a device
integrated with a power outlet, it can widen a usage range and
independently realize the system in a small space.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
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tion of the preferred embodiments given in conjunction with
the accompanying drawings, in which:

FIG. 1 is a perspective view showing an H-type monopole
isolation antenna in accordance with an embodiment of the
present invention;

FIG. 2 is a cross-sectional front view showing the antenna
device in accordance with the embodiment of the present
invention;

FIG. 3 is a cross-sectional side view showing the antenna
device in accordance with the embodiment of the present
invention;

FIG. 4 is a cross-sectional plane view showing the antenna
device in accordance with the embodiment of the present
invention;

FIG. 5 is a graph showing an S parameter characteristic of
the H-type monopole isolation antenna in accordance with
the embodiment of the present invention;

FIG. 6 is a graph showing S,, parameter characteristics
based on the size of a covering housing of the H-type mono-
pole isolation antenna in accordance with the embodiment of
the present invention;

FIG. 7 is a smith chart showing an H-Plane radiated electric
field pattern, i.e., horizontal polarization, by a first antenna of
the H-type monopole isolation antenna in accordance with
the embodiment of the present invention;

FIG. 8 is a smith chart showing the H-plane radiated elec-
tric field pattern, i.e., the horizontal polarization, by a second
antenna of the H-type monopole isolation antenna in accor-
dance with the embodiment of the present invention;

FIG. 9 is a view showing an H-type monopole isolation
antenna being fixed on a wall and used in accordance with an
embodiment of the present invention; and

FIG. 10 is a view showing the H-type monopole isolation
antenna being used as a device integrated with a power outlet
in accordance with the embodiment of the present invention.

MODE FOR THE INVENTION

Other objects and advantages of the present invention will
become apparent from the following description of the
embodiments with reference to the accompanying drawings.
Therefore, those skilled in the art that the present invention is
included can embody the technological concept and scope of
the invention easily. In addition, if it is considered that
detailed description on prior art may blur the points of the
present invention, the detailed description will not be pro-
vided herein. The preferred embodiments of the present
invention will be described in detail hereinafter with refer-
ence to the attached drawings.

FIG. 1 is a perspective view showing an H-type monopole
isolation antenna in accordance with an embodiment of the
present invention.

As shown in FIG. 1, the H-type monopole isolation antenna
of the present invention includes an antenna device 1 for
generating radiated electromagnetic wave or receiving elec-
tromagnetic wave, and an antenna supporter 2 for supporting
the antenna device 1.

The antenna device 1 includes a covering housing 3, which
is covered with a conductor such as gold, silver, aluminum
and copper, and have a space inside, and first and second
antennas 4 and 5, which are separately set up in both sides of
the covering housing 3.

The first antenna 4 is an H-type monopole antenna and
vertically positioned on top of the covering housing 3.

Also, the first antenna 4 includes a first antenna feeder 6 for
feeding the antenna in a central part of an H-shaped form.
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Herein, feeding through the first antenna feeder 6 is per-
formed horizontally to the covering housing 3.

The second antenna 5 is a general monopole antenna and is
positioned in a region in contact with the covering housing 3,
and includes a second antenna feeder 7 for vertically feeding
the covering housing 3.

The antenna supporter 2 includes an antenna device sup-
porter 8 and an antenna base 9 for supporting the antenna
device 1.

Herein, the antenna device supporter 8 is formed in the
shape of a pipe having a space inside and is set up in a central
part of the antenna device 1 as shown in FIG. 1.

The embodiment of FIG. 1 has a structure that horizontal
polarization is generated with respect to an earth surface.

Therefore, since reflection by the earth surface is generated
a lot in the horizontal polarization in comparison with a
vertical polarization and the reflected wave deteriorates trans-
mitting/receiving isolation, the antenna base 9 includes an
electric wave absorber 10 for suppressing the reflected wave
to remove the reflected wave.

Herein, reflexibility can be lowered by raising the height of
the antenna device supporter 8 as well as setting up the elec-
tric wave absorber 10.

FIG. 2 is a cross-sectional front view of the antenna device
in accordance with the embodiment of the present invention
and shows a detailed structure of the first antenna feeder.

The first antenna 4 has a structure in which right and left
antenna devices 11 and 12 having a pipe shape formed of a
metal conductor such as gold, silver, copper and aluminum,
are vertically positioned in the covering housing 3 just as a
monopole, and the first antenna feeder 6 for feeding power is
positioned in a region where right and left antenna supporters
13 and 14 contact each other between the right and left
antenna devices 11 and 12.

As shown in the drawing, the first antenna feeder 6 includes
a first connector 15 and a first connector pin 16.

Herein, the right and left antenna supporters 13 and 14 are
formed in the shape of a conductive pipe.

A front head of the first connector 15 is positioned in the
inside of the right antenna supporter 13, and the first connec-
tor pin 16 is welded into the left antenna supporter 14.
Accordingly, the first antenna 4 has a structure that the first
antenna 4 feeds horizontally a metal surface of the covering
housing 3.

A coaxial cable connected to the first connector 15 is con-
nected to the inside of the covering housing 3 having a space
inside through the inside of the right antenna supporter 13 and
the inside of the right antenna device 11.

Meanwhile, the covering housing 3 is directly connected to
the antenna device supporter 8 through an opening 19 of the
antenna device supporter.

FIG. 3 is a cross-sectional side view showing the antenna
device in accordance with the embodiment of the present
invention and shows the second antenna feeder 7 in detail.

As shown in FIG. 3, the second antenna feeder 7 has a
structure that the second connector 17 is set up in the covering
housing and the second connector pin 18 is connected to the
second antenna.

A front head of the second connector 17 is positioned in the
inside of the covering housing 3 and formed to be able to
connect the coaxial cable.

Although an antenna feeding point is entirely wrapped and
fixed by using a dielectric to stand firmly against an external
environment such as wind (not shown in the drawing), it does
not affect a characteristic a lot.

Meanwhile, antenna devices 11 and 12 of the first antenna
are formed in the shape of a pipe having a space inside and are
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directly connected to the inside of the covering housing 3
through an opening 20 of the first antenna device.

FIG. 4 is a cross-sectional plane view showing an antenna
device in accordance with the embodiment of the present
invention. It shows positions of the right and left antenna
supporters 14 and 15 of the first antenna in right and left
antenna devices 12 and 13.

Also, as described above, the drawing shows that the first
connector 15 connected to the first antenna feeder can be
connected in an inside of the covering housing 3 through the
coaxial cable.

As described above with reference to FIGS. 2 and 3, the
antenna device supporter 8 should be positioned in a center of
the antenna device 1 to position the antenna device supporter
8 in the center of the antenna device 1 where the right and left
antenna devices 12 and 13 of the first antenna, which is the
H-type monopole antenna, are symmetrically positioned.

This is for the following two objects.

One is to make the radiated electromagnetic wave and
scattered wave by the antenna device supporter 8 arrive at the
right and left antenna devices 11 and 12 in the same phase and
same intensity, when the second antenna is excited with a
transmitter.

Since it makes an electric potential difference between the
right and left antenna supporters 13 and 14 identical, it pre-
vents the radiated electromagnetic wave and scattered wave
from being received after offset in the H-type monopole
antenna, which is the first antenna.

The other one is also to make the radiated wave and the
scattered wave arrive at the right and left antenna devices in
the same phase and the same intensity, when radiated wave
excited by the first antenna forms scattered wave by a surface
and arrives at the second antenna. Herein, a technology for
offsetting and decreasing a signal transmitted from the first
antenna, which is the H-type monopole antenna, is added.

The antenna device supporter 8 can be formed in a pipe
shape 19 by the conductors such as gold, silver, copper and
aluminum. The coaxial cable connected to the first and sec-
ond antennas in the inside of the pipe is sent under the surface
and can be used by being connected to the repeater or the
communications system.

The left and right antenna devices 11 and 12, the left and
right antenna supporters 13 and 14, and the antenna device
supporter 8 of the first antenna can be formed in the shape of
a cylindrical pipe, of which a cross section is a circle.

FIG. 5 is a graph showing S parameter characteristics of the
H-type monopole isolation antenna in accordance with the
embodiment of the present invention.

A reference specification of an antenna used for measuring
is as follows.

The second antenna has a width of 1 cmx1 cm and an entire
length of 15 cm, and the first antenna also has the width of 1
cmx] cm, which is the same as the second antenna. The
left/right antenna devices 11 and 12 have a length of 13 cm,
and a distance between the left/right antenna devices 11 and
12 is 6 cm. The covering housing has a size of 2 cmx16 cmx20
cm.

As shown in FIG. 5, resonance of the first antenna and the
second antenna is generated at 550 MHz.

Herein, all values of S11 and S22 parameters are equal to or
smaller than —10 dB and it shows that impedance matching is
well performed.

The measurement result shows that the H-type monopole
antenna, which is the first antenna, can be used as the trans-
mitting/receiving antenna although the H-type monopole
antenna is independently operated.
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Also, FIG. 5 shows that a ratio of electromagnetic wave
abandoned in the H-type monopole antenna, which is the first
antenna radiated to the electromagnetic wave through the
transmitting antenna is maintained at =75 dB and under when
the monopole antenna, which is the second antenna, is used as
the transmitting antenna. Herein, the rate means an S, , char-
acteristic showing the isolation.

That s, although a length of the covering housing is smaller
than a half-wave length, high isolation is acquired. Herein,
half-wave of 550 MHz is 27 cm.

The isolation is varied based on the size of the covering
housing. It will be described hereinafter with reference to
FIG. 6 that isolation is varied by the antenna device when the
size of the covering housing is varied in the range of 20 cm to
80 cm.

FIG. 6 is a graph showing the S, , parameter characteristics
based on the size of a covering housing of the H-type mono-
pole isolation antenna in accordance with the embodiment of
the present invention.

As shown in FIG. 6, when the size of the covering housing
increases in a range of 20 cm to 80 cm, isolation ratio is
improved by about 30 dB.

Also, when the size of the covering housing is 60 cm, the
isolation rate is maintained at about —100 dB. That is, when
the covering housing maintains about 1 wavelength, the iso-
lation is maintained at about —100 dB.

FIG. 71is a smith chart showing an H-Plane radiated electric
field pattern, i.e., horizontal polarization, by a first antenna of
the H-type monopole isolation antenna in accordance with
the embodiment of the present invention.

As shown in FIG. 7, a gain is maintained at 1.8 dBi and
shows a semi-omni-directional characteristic in an H plane.

Herein, the polarization shown in the drawing is a pattern
for an electric field element of an 1 direction.

FIG. 8 is a smith chart showing the H-plane radiated elec-
tric field pattern, i.e., the horizontal polarization, by a second
antenna of the H-type monopole isolation antenna in accor-
dance with the embodiment of the present invention.

As shown in FIG. 8, when the second antenna is fed in a
structure that a monopole is horizontally positioned, a gain is
about 2.6 dBi and left and right patterns are formed.

Herein, the patterns are largely generated in a direction
toward the first antenna by scattered wave abandoned in the
first antenna.

The polarization is the pattern for the electric field element
of the direction as FIG. 7.

Also, as shown in the drawing, a section, in which beam
directions of FIGS. 7 and 8 are the same, is generated. That is,
both beam directions are the same in directions of 100 to 145
degree and 215 to 260 degree and it means that communica-
tions with a terminal in the beam section are possible in a
co-channel.

That is, it shows that the present invention can be used as a
bi-directional repeater system, a Radio Frequency Identifica-
tion (RFID) reader antenna, a wireless Local Area Network
(LAN) low output bi-directional repeater antenna and a Radar
Cross Section (RCS) measuring antenna.

Also, the present invention can be used as a uni-directional
horizontal polarization repeater antenna which can transmit a
signal transmitted from a direction of =180 by the first
antenna to directions of =100 to 145, and =215 to 260 by
the second antenna.

FIG. 9 is a view showing an H-type monopole isolation
antenna being fixed on a wall and used in accordance with an
embodiment of the present invention. It also shows a method
using the H-type monopole isolation antenna in vertical
polarization communications.
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As shown in FIG. 9, the H-type monopole isolation antenna
of'the present invention can be independently set up in a wall
of a building, or used by connecting to a communication
system in the inside of a building.

When the H-type monopole isolation antenna is used by
setting up the antenna device supporter 8 on a wall 22 where
a fixed iron is fixed, the isolation suggested above can be
maintained.

Also, when the antenna device is rotated up and down as
much as 90 degree the communications system for the hori-
zontal polarization can be supported.

FIG. 10 is a view showing the H-type monopole isolation
antenna being used as a device integrated with a power outlet
in accordance with the embodiment of the present invention.

As shown in FIG. 10, the H-type monopole isolation
antenna of the present invention can realize a system to which
power is supplied through an outlet in vertical polarization
communications, such as a bi-directional repeater system, an
RFID reader system, a wireless LAN low output bi-direc-
tional repeater system and a monitoring system by equipping
all circuits in the inside of the covering housing by equipping
an outlet 23 in one end of the antenna device supporter 8.

In this case, it is very convenient that the present invention
can be simply and independently set up wherever a power
code, i.e., the outlet is.

While the present invention has been described with
respect to certain preferred embodiments, it will be apparent
to those skilled in the art that various changes and modifica-
tions may be made without departing from the scope of the
invention as defined in the following claims.

The invention claimed is:

1. A transmitting/receiving isolation antenna maintaining
high isolation between a transmitting signal and a receiving
signal, comprising:

a covering means which includes an electric conductor;

and

first and second antennas which are symmetrically posi-

tioned in right and left parts of the covering means and
perpendicular to the covering means respectively,
wherein any one of the first and second antennas is oper-
ated as a transmitting antenna and the other of the first
and second antennas is operated as a receiving antenna.

2. The transmitting/receiving isolation antenna as recited
in claim 1, wherein the first antenna is an H-type monopole
antenna.

3. The transmitting/receiving isolation antenna as recited
in claim 2, wherein the second antenna is a monopole
antenna.

4. The transmitting/receiving isolation antenna as recited
in claim 1, wherein the covering means has a form of a
housing having a space inside.

5. The transmitting/receiving isolation antenna as recited
in claim 1, wherein the first antenna, includes:

a left antenna device which is vertically attached to the

covering means;

20

25

30

35

40

45

50

8

a right antenna device which is vertically attached to the
covering means and positioned closely to the left
antenna device;

an isolation supporter which is vertically connected to each
of the left antenna device and right antenna device and
isolates the left antenna device and the right antenna
device in parallel; and

a first antenna feeding means which is positioned in a
center of the isolation supporter.

6. The transmitting/receiving isolation antenna as recited
in claim 5, wherein the left and right antenna devices and
isolation supporter are formed in a shape of a conductive pipe
having a space inside.

7. The transmitting/receiving isolation antenna as recited
in claim 6, wherein the first antenna feeding means in which
a part connected to a feeding line is positioned inside the
isolation supporter to be connected to the feeding line inside
the covering means.

8. The transmitting/receiving isolation antenna as recited
in claim 7, wherein the second antenna has a structure in
which the connector is used and includes a second antenna
feeding means which is connected to the feeding line through
the inside of the covering means.

9. The transmitting/receiving isolation antenna as recited
in claim 6, wherein the first antenna feeding means uses a
connector.

10. The transmitting/receiving isolation antenna as recited
in claim 5, wherein the first antenna feeding means is
wrapped by a dielectric.

11. The transmitting/receiving isolation antenna as recited
in claim 1, further comprising:

a supporting means for supporting the covering means by
being connected to a lower central part of the covering
means.

12. The transmitting/receiving isolation antenna as recited

in claim 11, further comprising:

a base for vertically fixing the supporting means on a
surface.

13. The transmitting/receiving isolation antenna as recited
in claim 12, wherein the base includes an electric wave
absorbing means for absorbing electric wave in an upper part
of the base.

14. The transmitting/receiving isolation antenna as recited
in claim 11, wherein the supporting means includes a power
accessing means in one end.

15. The transmitting/receiving isolation antenna as recited
in claim 11, wherein the supporting means is formed in a
shape of a pipe having a space inside.

16. The transmitting/receiving isolation antenna as recited
in claim 1, wherein a feeding direction of the first antenna is
perpendicular to a surface contacting the covering means, and

a feeding direction of the second antenna is horizontal to a
surface connected to the covering means.

#* #* #* #* #*
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ULTRA-WIDEBAND COMMUNICATION
SYSTEM PROVIDED WITH A FREQUENCY
CONTROLLED DISPERSIVE ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present Application is based on International Applica-
tion No. PCT/EP2006/068332, filed on Nov. 10, 2006, which
in turn corresponds to French Application No. 05 11456, filed
on Nov. 10, 2005 and priority is hereby claimed under 35
USC §119 based on these applications. Each of these appli-
cations are hereby incorporated by reference in their entirety
into the present application.

The invention relates notably to an ultra-wideband (UWB)
radiocommunication system based on an OFDM (Orthogonal
Frequency Division Multiplex) modem with spread spectrum
and a Frequency Scan Antenna (FSA).

It applies in the field of broadband, short range radiocom-
munication, radiolocation, mainly in the millimeter band.

BACKGROUND OF THE INVENTION

The depletion of the spectrum available for communica-
tions is pushing toward the use of ever higher frequencies.

Furthermore, faced with the expansion of the cable net-
work (ADSL, optical fibers), a radiocommunication service
will be justified in the future essentially by a need for mobil-
ity.

Mobility assumes omnidirectionality of the antenna sys-
tem. Unfortunately, the size and therefore the energy sensi-
tivity of an omnidirectional antenna decreases with the fre-
quency. Very high frequencies are therefore by nature difficult
to make it compatible with mobility, without abandoning
omnidirectional antennas in order to use directive antennas,
the difficulty then being to be able to aim the latter dynami-
cally and virtually instantaneously. Three solutions can cur-
rently be envisaged according to the prior art.

The motorized parabolic antenna is the conventional and
well-known solution. One of its disadvantages is its very poor
aiming agility. The aiming of the beam, relying on mechani-
cal motorization, is not instantaneous. It is reserved for point-
to-point and not very mobile configurations.

The phase-shift electronic scan antenna allows instanta-
neous aiming, but it is a solution that is technologically dif-
ficult and prohibitively costly. In addition, in point-to-multi-
point configuration, it requires using a time division multiple
(TDMA) access protocol which is not optimal in the matter of
latency in the transmission delay or in the matter of power
allocation.

The frequency scan antenna FSA allows instantaneous
aiming. It is a proven and low-cost technique similar to the
prism in optics. The aiming direction depends on the fre-
quency and the frequency therefore makes it possible to con-
trol the aiming direction.

SUMMARY OF THE INVENTION

The invention relates notably to radiocommunication
equipment characterized in that it comprises in combination
at least the following elements: at least one frequency scan
antenna connected to a UWB-OFDM modem adapted to gen-
erate a spectrum OFDM modulation-based waveform by
increasing the duration of an OFDM symbol by reproducing
the Fast Fourier Transform (FFT) pattern.

The modem uses, for example, a direct-sequence spread
spectrum (DSSS).
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2
The invention also relates to a spread spectrum method
based on the OFDM technique, characterized in thata UWB-
OFDM modem is used and in that it comprises at least one
step in which the duration of an OFDM signal is increased by
reproducing the FFT pattern to generate a waveform and this
waveform is transmitted to a frequency scan antenna.
A spread factor equal to at least T*dF=2 is used for
example.
The method applies for example a DSSS sequence to the
rest of the patterns of the OFDM symbol.
The invention also relates to a radiocommunication
method comprising at least the following steps:
Generate an OFDM modulation-based waveform by using
a UWB-OFDM modem increasing the duration of an
OFDM symbol by reproducing the FFT pattern,
Transpose the waveform into a frequency band adapted to
a given frequency scan antenna,
Transmit the waveform to a receiver.
The equipment and the spread spectrum method having at
least one of the aforementioned features are for example used
for communicating data to terminals situated in different
directions.
The equipment may also be used in a system comprising an
interrogator fitted with a frequency scan antenna and a
modem and a transponder, characterized in that a transponder
is interrogated by transmitting a waveform generated by the
spread spectrum method, the interrogation signal received by
the transponder is spectrally analyzed and the position of the
transponder relative to the mechanical axis of the frequency
scan antenna FSA of the interrogator is determined using
spectral analysis.
The present invention notably proposes the advantages of
supplying low-cost equipment, for example radiocommuni-
cation, radioidentification and radiolocation equipment, with
the benefit of the following properties:
1—antenna gain in all traffic directions,
2—the possibility of simultaneous communications with the
fixed or mobile terminals situated in different directions,
3—optimized sharing of transmission power installed
between the various directions served,

4——capitalization of the multipaths or protection against the
multipaths, and

S5—the possibility of carrying out angular error measurement
with distance report.

Still other objects and advantages of the present invention
will become readily apparent to those skilled in the art from
the following detailed description, wherein the preferred
embodiments of the invention are shown and described, sim-
ply by way of illustration of the best mode contemplated of
carrying out the invention. As will be realized, the invention is
capable of other and different embodiments, and its several
details are capable of modifications in various obvious
aspects, all without departing from the invention. Accord-
ingly, the drawings and description thereof are to be regarded
as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and
not by limitation, in the figures of the accompanying draw-
ings, wherein elements having the same reference numeral
designations represent like elements throughout and wherein:

FIG. 1, a general block diagram of the system according to
the invention,

FIG. 2, the schematic diagram of a frequency scan antenna
FSA,
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FIG. 3, an exemplary embodiment of a frequency scan
antenna FSA,

FIG. 4, a conventional OFDM symbol,

FIG. 5, a frequency spread OFDM symbol,

FIG. 6, a frequency spread OFDM symbol with DSSS
overmodulation,

FIG. 7, the diagram of a point-to-multipoint communica-
tion demonstrating the advantage of an antenna gain in all
traffic directions,

FIG. 8, the diagram of a point-to-multipoint communica-
tion demonstrating the capability of simultaneous communi-
cations and of optimal power sharing,

FIG. 9, an example of point-to-multipoint communication
in the presence of multipaths, and

FIG. 10, a block diagram of a radioidentification-location
system.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 represents a block diagram of the system according
to the invention. The application is given as an illustration for
a40 GHz millimeter band radiocommunication system of the
local radio network or radio LAN (Local Area Network) type
with typical ranges of 100 m to 1000 m.

FIG. 1 shows a system comprising an FSA antenna 1, a
device 2 suitable for carrying out a frequency transposition
and a modem 3 of the spread spectrum UWB-OFDM type
according to the invention.

In this example, the modem 3 addresses an instantaneous
band that can be programmed up to 2000 MHz approximately
through an FFT of typically 64 to 256 points.

The frequency transposition is assumed to carry the traffic
band of the modem between 40 and 42 GHz for the present
example.

FIG. 2 gives a schematic diagram of an FSA antenna. The
radiating elements, spaced at A,/2 on the radiating face of the
antenna, are supplied in series by long lines, in this example
16} long (A, being the wavelength in a vacuum at the central
frequency f,).

In these conditions, the phase shift between two consecu-
tive radiating elements at the wavelength frequency A is equal
to:

—(27/N)* (16)g)+16*2*n(a value between —m and 7,
zero for A=Ag)

This phase shift produces an angular beam misalignment ¢
such that the phase shift between two consecutive radiating
elements is equal to (2m/A)*(A0/2*sin(¢)), a value between
- and m, zero for $=0.

Equality between the two expressions above gives:

Sin(Q)=32%(1-Mhg)=32%(f,/f~1)

where fand {, are the frequencies corresponding to the wave-
lengths A and A,.

It is noted that the beam is positioned in the axis at the
central frequency (f;, taken in this example to be 41 GHz) and
becomes misaligned as soon as the frequency is changed, for
example:

Frequency=40 GHz ¢=53°
Frequency=41 GHz ¢=0°
Frequency=42 GHz ¢=-50°

The wavelength at 40 GHz is equal to 7.5 mm, the electric
length of the distribution circuit between the radiating ele-
ments is equal to 16*7.5 mm or 120 mm, which can be
implanted after aliasing on a circuit of a little more than 6 cm
at the sides according to a diagram indicated in FIG. 3. The
total electric length of the distribution circuit is 15%120 mm,
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or 1.8 m. An embodiment in the form of metal or metallized
plastic waveguides notably makes it possible to limit the
radiofrequency losses.

FIG. 3 shows an exemplary embodiment comprising an
FSA antenna of the 16*4 elements (patches) type having a
directivity in the axis of 22 dBi and a beam of approximately
8 degrees aperture in relative bearing and 30 degrees in eleva-
tion (aperture at 3 dB).

With 2000 MHz of instantaneous band, the modem
addresses an angular sector of approximately 103 degrees, or
approximately 16 consecutive beams which allows both an
angular discrimination and the availability of 100 MHz of
band per aimed direction (100 Mbps capacity per direction).
UWB-OFDM Spread Spectrum Modem

Frequency scan antennas FSA require the manipulation of
very wide frequency bands, much wider than the traffic pay-
load rate (in our example: 2000 MHz for 100 Mbps). To use
the method according to the invention, the UWB-OFDM
technology for example is used.

Note that FIG. 4 explains the principle of construction of a
conventional OFDM symbol. An OFDM symbol with a dura-
tion T consists of a series of carriers evenly spaced in fre-
quency (dF) on a B band. Each carrier is, by definition, a sine
wave modulated by a phase-amplitude coefficient that is con-
stant over the duration of the symbol, all the phase-amplitude
values of the individual carriers constituting the information
transmitted by the symbol. By definition, such a signal is
periodic in time with a period 1/dF, the periodic pattern being
the FFT (Fast Fourier Transform) pattern.

To obtain a spread spectrum effect according to the inven-
tion, the idea consists in prolonging the duration T of an
OFDM symbol by a simple identical repetition of the FFT
pattern (period 1/dF) as many times as desired. The digital-
analog converter of the modem works at the frequency B by
virtue of the Nyquist principle, the other units of the modem
being able to work at reduced frequency 1/T. The spectrum of
the OFDM symbol then shows some “void” between each
carrier, and the frequency-offset symbols of n/T, n integer,
O0<n<T*dF are orthogonal to one another. The coefficient
T*dF may be considered a spread spectrum factor.

This principle is illustrated by FIG. 5 for a spread factor
T*dF=2 (in practice, higher values will often be taken).

Each carrier can be modulated and demodulated individu-
ally, which is important since each carrier is intended to serve
different directions according to the invention.

The accuracy of synchronization required in time for the
demodulation is in relation to the symbol duration T, and not
1/B, as conventionally for B band modulations. In our
example, B=2000 MHz and 1/B=0.5 ns. For a 128-point FFT,
B/dF=128 and T=(T*dF)*128/B. A spread coefficient
T*dF=2 gives T=256/B=128 ns. A spread coefficient of
T*dF=16 gives a symbol duration T=1024 ns which is very
manipulable.

It is therefore possible easily to dimension and implement
a very wide band signal making it possible to use the FSA
antenna by using an appropriate digital-analog converter.

Note that, in FIG. 5, the dF/2 offset symbol comprises two
FFT patterns in phase opposition, whereas the symbol that is
not offset comprises two identical FFT patterns.

This can be generalized by applying a DSSS (Direct
Sequence Spread Spectrum) to the series of the FFT patterns
of the OFDM symbol according to the invention. FIG. 6
represents such a symbol for a spread factor T*dF=4.

Each OFDM spectrum carrier is modulated with the same
DSSS sequence and can therefore be modulated and demodu-
lated individually, which is important since each carrier is
designed to serve a different direction according to the inven-
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tion. In this exemplary application, a virtually uniform spec-
tral density is obtained over the whole B band, and is therefore
“discrete”.

FIGS. 7 to 10 give various exemplary applications of the
invention and their advantages.
Antenna Gain in All Directions

FIG. 7 represents a typical network topology of a system
according to the invention comprising FSA antenna terminals
and omnidirectional antenna terminals (with a view in per-
spective to illustrate the parallel position of the FSA anten-
nas). The FSA antennas must be physically oriented in the
same direction, either on installation or by a compass-con-
trolled automatic positioner.

To highlight the benefit of FSA antennas, it is possible to
use the following numbered link budget, with reference to the
exemplary embodiment already described:

Free space 92 DB/GHz/km
Distance 100 m -20 dBkm
Frequency 41 GHz 32 dBGHz
“Rain” margin 4 dB/km 04 DB
PROPAGATION 105 DB
Band width 2000 MHz 33 dBMHz
noise 6 dB
Chain losses 2 dB
C/NBER=10-6 6 dB
Transmitted power 14 dBm
System value 81 DB
Total gain for the antenna 24 dBi
FSA ANTENNA GAIN 19 dBi
OMNI ANTENNA GAIN 5 dBI

From this numbered link budget, it is deduced that:
1—facing terminals fitted with an omnidirectional antenna,
the terminal fitted with an FSA antenna can transmit in free
space, at 100 m, a traffic load of 2000 Mbps (that is 20
different directions at 100 Mbps each),
2—facing terminals fitted with an FSA antenna, provided that
the latter are all aligned in the same direction, the terminal
fitted with an FSA antenna can transmit in free space, at
1000 m, a traffic load greater than 200 Mbps (that is two
different directions at 100 Mbps),
3—omnidirectional terminals can exchange with one another
traffic loads at best equal to 70 Mbps at 100 m and 0.3 Mbps
at 1000 m.
Simultaneous Communications with the Fixed or Mobile Ter-
minals Situated in Different Directions
FIG. 8 illustrates the classic case of a point-to-multipoint
configuration. The UWB-OFDM modem in this instance
serves two links at the same time in two different directions,
each in its particular frequency band relating to its direction,
and therefore simultaneously by frequency multiplexing. The
carriers corresponding to unused directions are not transmit-
ted.
Optimization of Installed Transmission Power-Sharing
between the Various Directions Served
In FIG. 8, the transmission powers are adjusted optimally
for each link, by simply weighting individual carriers of the
OFDM symbol. It is therefore possible to give more power to
the links requiring it (in this instance F2), by taking it from the
links having power to spare (in this instance F1).
Capitalization and Resistance to Multipaths
FIG. 9 represents a network topology in which an omnidi-
rectional antenna terminal is presented to an FSA antenna
terminal in the presence of natural or artificial reflectors.
Since each reflection corresponds to a different direction, and
therefore a different frequency, each propagation radio path,
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6

direct or reflected, may be served independently by frequency
multiplexing, thereby allowing the system to capitalize on the
best.

The same configuration of FIG. 9 with two FSA antennas
leads to the elimination of the paths by spatial filtering to the
benefit of the direct path, which in this case represents defen-
sive protection against multipaths.

Angular Error Measurement, Radioidentification and Radi-
olocation

FIG. 10 indicates a typical radioidentification-location
configuration.

A classic problem of the radioidentification function is how
difficult it is for an “interrogator” to interrogate a “transpon-
der” situated in a precise direction without having to “wake
up” its neighbors.

The idea of the invention consists in interrogating only
once with a very wide band signal of the UWB-OFDM type
obtained by applying the steps described above. The interro-
gation signal received by the transponder is spectrally ana-
lyzed. This spectral analysis allows the transponder to imme-
diately identify its position relative to the mechanical axis of
the FSA antenna of the interrogator and therefore to respond
accordingly.

From this error-measurement function there follows an
angular plotting function that can reach ¥10° of beam (that is
1 to 8 degrees in our example).

In addition, the 100 MHz instantaneous band makes it
possible to envisage a distance plotting of the order of one
meter.

Very Low Spectral Density Radiocommunication

By using the —41.25 dBm/MHz EIRP limitation defined by
the FCC for the UWB in the perspective of maximum discre-
tion, and by using the 20 dBi receive gain FSA antennas, the
achievable data rate performance is 20 Mbps at 10 m and 0.2
Mbps at 100 m. These performances would have been only
0.2 Mbps at 10 m and 0.002 Mbps at 100 m in a classic UWB
design.

Without departing from the scope of the invention, the
steps explained above are applicable to other frequencies,
particularly each time the user has a sufficient bandwidth and
the location necessary to house the antenna.

One field of application is Wimax according to the 802.16°
standard, notably for the advanced radio techniques aspects
envisaged in the 802.16° standard concerning transmit and
receive diversity, and concerning the smart antenna, adaptive
antenna system. A preferred field of application could be the
40.5 GHz to 42.5 GHz band.

Another field of application is the UWB in the 3.1 to 10.6
GHz band, as defined by the FCC and as envisaged by the
OFDM multiband organization as under reference MBOA.-
SIG —multiband OFMD for low spectral density transmis-
sions not exceeding -41.25 dBm/MHz.

It will be readily seen by one of ordinary skill in the art that
the present invention fulfils all of the objects set forth above.
After reading the foregoing specification, one of ordinary
skill in the art will be able to affect various changes, substi-
tutions of equivalents and various aspects of the invention as
broadly disclosed herein. It is therefore intended that the
protection granted hereon be limited only by definition con-
tained in the appended claims and equivalents thereof.

The invention claimed is:

1. Radiocommunication equipment comprising: at least
one frequency scan antenna (FSA) connected to an ultra-
wideband-Orthogonal Frequency Division Multiplex (UWB-
OFDM) modem adapted to generate a spectrum OFDM
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modulation-based waveform by increasing a duration of an
OFDM symbol by reproducing a Fast Fourier Transform
(FFT) pattern.

2. The equipment as claimed in claim 1, comprising at least
one modem using a direct-sequence spread spectrum (DSSS)
sequence.

3. The equipment as claimed in claim 2, wherein the equip-
ment is adapted to communicate data to terminals situated in
different directions.

4. The equipment as claimed in claim 1, wherein the equip-
ment is adapted to communicate data to terminals situated in
different directions.

5. A system comprising the radiocommunication equip-
ment as claimed in claim 1, said system comprising an inter-
rogator fitted with the at least one FSA and a modem and a
transponder, wherein the transponder is interrogated by trans-
mitting a waveform generated, an interrogation signal
received by the transponder is spectrally analyzed and a posi-
tion of the transponder relative to a mechanical axis of the at
least one FSA of the interrogator is determined using spectral
analysis wherein the duration of an OFDM symbol is
increased by reproducing the FFT pattern to generate a wave-
form and the waveform is transmitted to a frequency scan
antenna.

6. A spread spectrum method based on an Orthogonal
Frequency Division Multiplex (OFDM) technique, wherein
an ultra-wideband-Orthogonal Frequency Division Multi-
plex (UWB-OFDM) modem is used, the method comprising
at least one step in which a duration of an OFDM symbol is
increased by reproducing a Fast Fourier Transform (FFT)

20
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pattern to generate a waveform and this waveform is trans-
mitted to a frequency scan antenna.
7. The method as claimed in claim 6, wherein the method
uses a spread factor equal to at least T*dF=2 with T being the
duration of an OFDM symbol and 1/dF being the FFT pattern
period.
8. The method as claimed in claim 7, wherein the UWB-
OFDM modem communicates with data to terminals situated
in different directions.
9. The method as claimed in claim 6, wherein a direct-
sequence spread spectrum (DSSS) sequence is applied to a
series of patterns of the OFDM symbol.
10. The method as claimed in claim 9, wherein the UWB-
OFDM modem communicates with data to terminals situated
in different directions.
11. The method as claimed in claim 6, wherein the UWB-
OFDM modem communicates with data terminals situated in
different directions.
12. A radiocommunication method comprising at least the
following steps:
generating an Orthogonal Frequency Division Multiplex
(OFDM) modulation-based waveform by using an ultra-
wideband-Orthogonal Frequency Division Multiplex
(UWB-OFDM) modem by increasing a duration of an
OFDM symbol by reproducing a Fast Fourier Transform
(FFT) pattern,

transposing the waveform into a frequency band adapted to
a given frequency scan antenna, and

transmitting the waveform to a receiver.

#* #* #* #* #*
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57 ABSTRACT

An example antenna device includes a conductive ground
plane and first and second antenna elements connected to the
conductive ground plane through first and second feeding
points, respectively. Directivities of the first and second
antenna elements are arranged to be approximately perpen-
dicular to each other. A phase adjusting circuit is configured
to provide a phase difference of approximately 180 degrees
between first and second received signals by the first and
second antenna elements, respectively and a combining cir-
cuit is configured to combine the first and second received
signals having a phase difference of approximately 180
degrees therebetween to obtain a combined signal. A radio
unit is configured to process the combined signal.

8 Claims, 19 Drawing Sheets
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ANTENNA DEVICE AND SIGNAL
RECEIVING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Applications No.
2007-223133, filed on Aug. 29, 2007; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to, for example, an antenna
device for a mobile communication terminal and a signal
receiving method, and particularly to noise suppression tech-
niques for an antenna.

2. Related Art

When a signal of digital terrestrial broadcasting, for
example, is received with an antenna element contained in a
mobile communication terminal such as a notebook personal
computer (PC), noise produced in the terminal device itself
may greatly affect reception characteristics of the antenna
element. Some built-in, commercially available antenna
devices for receiving digital terrestrial broadcasting have a
low noise amplifier (LNA) inserted therein for compensating
for alowered gain due to the built-in structure. However, they
suffer from a problem that the LNA also amplifies noise
mixed with the signal and remain less effective. Further, an
antenna element contained in a mobile communication ter-
minal such as a notebook PC has problems of narrower band-
width and lower gain of an antenna, for example.

As a technique for suppressing an undesired signal such as
noise mixed therein, JP-A 2001-28561 (Kokai) describes pro-
viding a plurality of antenna elements, and using feedforward
control through a multi-stage amplifying circuit and a phase
circuit to cancel a signal received at each antenna element.
However, this technique requires a plurality of amplifying
circuits and phase circuits, and a circuit for controlling them,
presenting a problem of a complex configuration.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, an antenna
device includes:

a conductive ground plane;

first and second antenna elements connected to the conduc-
tive ground plane through first and second feeding points,
respectively, directivities of the first and second antenna ele-
ments being arranged to be approximately perpendicular to
each other;

a phase adjusting circuit configured to provide a phase
difference of approximately 180 degrees between first and
second received signals by the first and second antenna ele-
ments, respectively;

a combining circuit configured to combine the first and
second received signals having a phase difference of approxi-
mately 180 degrees therebetween to obtain a combined sig-
nal; and

a radio unit configured to process the combined signal.

According to an aspect of the present invention, a signal
receiving method includes:

receiving first and second signals by first and second
antenna elements connected to a conductive ground plane
through first and second feeding points, respectively, wherein
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directivities of the first and second antenna elements are
arranged to be approximately perpendicular to each other;

creating a phase difference of approximately 180 degrees
between first and second received signals;

combine the first and second received signals having the
phase difference of approximately 180 degrees therebetween
to obtain a combined signal; and

processing the combined signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a configuration of an antenna
device according to a first embodiment of the present inven-
tion;

FIG. 2 illustrates the principle of operation of the antenna
device in FIG. 1;

FIG. 3 schematically shows a configuration of an antenna
device according to a second embodiment of the present
invention;

FIG. 4 schematically shows a configuration of an antenna
device according to a third embodiment of the present inven-
tion;

FIG. 5 shows a radiation pattern of the antenna device
shown in FIG. 4, obtained through simulation;

FIG. 6 shows an amount of noise suppressed by the antenna
device shown in FIG. 4, obtained through simulation;

FIG. 7 schematically shows a configuration of an antenna
device according to a fourth embodiment of the present inven-
tion;

FIG. 8 schematically shows a configuration of an antenna
device in which the antenna elements in FIG. 7 are disposed
coplanar with a conductive ground plane;

FIG. 9 schematically shows a configuration of an antenna
device in which a feedline of the antenna device shown in
FIG. 41is a microstrip line, and a subtractor in FIG. 4 is formed
of a phase shifter and a combining point;

FIG. 10 schematically shows a configuration of an antenna
device in which the antenna elements of the antenna device
shown in FIG. 9 are changed to have the form of a plate;

FIG. 11 schematically shows a configuration of an antenna
device in which the antenna elements of the antenna device
shown in FIG. 9 are changed to have a meander shape;

FIG. 12 schematically shows a configuration of an antenna
device in which tip ends of the antenna elements of the
antenna device shown in FIG. 11 are connected to the con-
ductive ground plane;

FIG. 13 schematically shows a configuration of an antenna
device in which two antenna elements of the antenna device
shown in FIG. 4 have an unsymmetrical shape;

FIG. 14 schematically shows a configuration of an antenna
device in which the antenna elements of the antenna device
shown in FIG. 4 are inverted F antenna elements;

FIG. 15 schematically shows a configuration of an antenna
device in which new, linear and conductive elements branch
from the antenna elements of the antenna device shown in
FIG. 4,

FIG. 16 schematically shows a configuration of an antenna
device in which switches are provided in the antenna ele-
ments of the antenna device shown in FIG. 7 on the way;

FIG. 17 schematically shows a configuration of an antenna
device in which switches are provided in the antenna ele-
ments of the antenna device shown in FIG. 15 on the way;

FIG. 18 schematically shows a configuration of an antenna
device in which tip ends of the antenna elements of the
antenna device shown in FIG. 4 are connected to the conduc-
tive ground plane through variable capacitance elements; and
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FIG. 19 schematically shows a configuration in which the
antenna device of an embodiment of the present invention is
installed in a notebook PC.

DETAILED DESCRIPTION OF THE INVENTION

Now, embodiments will be hereinafter described in detail
with reference to the accompanying drawings.

First Embodiment

FIG. 1 schematically shows a configuration of an antenna
device according to a first embodiment of the present inven-
tion.

A first conductive element 2 having a near L-shape (an-
tenna element) and a second conductive element 3 having a
near L-shape (antenna element) for receiving, for example, a
signal coming from a base station and the like are provided on
a conductive ground plane 1 in a mobile communication
terminal.

The antenna element 2 and the antenna element 3 are
formed by bending a linear, conductive element into a near
L-shape. The total lengths of the antenna element 2 and the
antenna element 3 are approximately the same, and their
length is approximately a quarter of an operating wavelength.

The antenna element 2 and the antenna element 3 have their
oneside (a first partial element) 24, 3a arranged parallel to the
conductive ground plane 1, and the other side (a second
partial element) 25, 36 arranged perpendicular to the conduc-
tive ground plane 1. Further, one side 2a of the antenna
element 2 and one side 3a of the antenna element 3 are
arranged to be kept perpendicular to each other (to form
approximately 90 degrees between them in a plane). That is,
the antenna element 2 and the antenna element 3 are arranged
so that their radiation patterns are arranged approximately
perpendicular to each other (to have different directivity). A
tip end of the side 25 of the antenna element 2 and a tip end of
the side 35 of the antenna element 3 are connected to feeding
points P1 and P2 arranged on the conductive ground plane 1,
respectively, and the feeding points P1 and P2 are adjacent to
each other.

One end of feedlines 6 and 7 is connected to their feeding
points P1 and P2, respectively, and the other ends are con-
nected to a subtractor 4 (phase adjusting circuit). The feed-
lines 6 and 7 are, here, coaxial lines, and one end of internal
conductors of the coaxial lines is connected to the feeding
points P1 and P2, respectively, and the other ends of the
internal conductors are connected to the subtractor 4, and
external conductors are connected to the conductive ground
plane 1.

At the feeding points P1 and P2, signals received at the
antenna element 2 and the antenna element 3 are taken out,
and output to the feedlines 6 and 7. Here, on receiving the
signals, the feeding points P1 and P2 may be subject to anoise
signal carried across the conductive ground plane 1 from a
noise source (not shown) such as other circuits on the con-
ductive ground plane 1. A signal on the feeding point P1,
which is the signal received at the antenna element 2 mixed
with the noise signal, is input to the subtractor 4 through the
feedline 6. Further, a signal on the feeding point P2, which is
the signal received at the antenna element 3 mixed with the
noise signal is also input to the subtractor 4 through the
feedline 7.

The subtractor 4 (phase adjusting circuit) shifts a phase of
one of the signals input from the feedlines 6 and 7 by approxi-
mately 180 degrees, combines them, and inputs the combined
signal to one end of a line 8 such as a microstrip line and a
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coaxial line. The other end of the line 8 is connected to a radio
unit 5, and the signal input to one end is transferred to the
radio unit 5.

The subtractor 4 includes, for example: a phase shifting
circuit for creating a phase difference of approximately 180
degrees between the signals input from the feedlines 6 and 7;
and a combining point at which the phase-adjusted signals are
combined. The phase shifting circuit may be built with, for
example, an inductor and a capacitor, or may be formed of
delay lines for varying two signal line lengths so as to gener-
ate the phase difference of approximately 180 degrees
between two signals.

The feeding points P1 and P2, as described above, are here
arranged adjacent to each other on the conductive ground
plane 1. Accordingly, the noise signals on the feeding points
P1 and P2 have approximately the same phase. Then, the
subtractor 4 shifts, by approximately 180 degrees, the phase
of'one of the signals input from the feeding points P1 and P2
through the feedlines 6 and 7 and combines them (that is,
subtraction), so that the noises mixed in at the feeding points
P1 and P2 cancel each other, thereby largely suppressing the
noises mixed into the received signals. In order that the
noises, here, may effectively cancel each other, a distance
between the feeding points P1 and P2 is desirably equal to or
smaller than a quarter of a wavelength. This is because the
noises received at both antenna elements are brought into the
destructive relation of their phases at the distance between the
feeding points equal to or larger than a quarter of the wave-
length, and the noises will be strengthened each other and will
not be suppressed when combined in the subtractor 4.

In addition to the efficient noise suppression described
above, radiation patterns of the antenna element 2 and the
antenna element 3 are approximately perpendicular to each
other, as described above, and therefore an incoming electric
wave received at each of the antenna elements 2 and 3 largely
differs in level when a radio signal is received from a certain
direction. That is, the radio signal coming from a certain
direction will be received at either one of the antenna ele-
ments 2 and 3 in a high level, and at the other of the antenna
elements in a low level. Accordingly, even when the signals
received at the antenna elements 2 and 3 are shifted in phase
by 180 degrees and combined by the subtractor 4, effects on
the incoming radio signal will be negligible. That is, process-
ing by the subtractor 4 suppresses the noises mixed in from
the noise source on the conductive ground plane, while losses
in the incoming radio signal are negligible for demodulation.

To consider the principle of operation of the present
antenna device, FIG. 2 schematically shows the relation
between the antenna elements and the conductive plane. As
shown in FIG. 2(A), seen from the noise source on the con-
ductive ground plane, both antenna elements appear to have a
respective line of 50Q connected thereto in the case where
characteristic impedance of the feedline is 50Q. That is,
because, seen from the noise signals on the feeding points P1
and P2, the antenna elements may appear to be similar, and
electric current having the same amplitude tends to flow
through both antenna elements. Further, as shown in FIG.
2(B), when one of the antenna elements is powered (when one
of'the antenna elements receives a signal), the other antenna
element may appear as a line of 50Q, that is, high impedance,
and the supplied electric current tends to flow through one of
the antenna elements and the substrate (see the thick arrows in
FIG. 2(B)). That is, the signal on one of the antenna elements
does not easily flow into the other antenna element. Conse-
quently, arranging two antenna elements to keep them per-
pendicular to each other allows electric current flowing upon
powering each antenna element to be perpendicular to each
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other, and radio patterns of the antenna elements to be per-
pendicular to each other. Accordingly, when an electric wave
coming from a certain direction is received, the incoming
electric wave is received at the antenna elements in a different
level (electric current differs in amplitude level between the
antenna elements), so that even when the respective received
signals on each of the antenna elements flow into and are
combined in the subtractor 4, the combined signal maintains
characteristics of the signal of the incoming electric wave,
presenting no problem. From the above reason, it becomes
possible to appropriately receive the signal of the incoming
electric wave while suppressing the noise signal.

The noise-suppressed received signal (combined signal)
obtained from the subtractor 4 is transferred to the radio unit
5 through the line 8, and the radio unit 5 processes the
received signal (combined signal) input from the subtractor 4
for reception (for example, amplifying, limiting a bandwidth,
demodulating, and decoding).

As described above, according to the present embodiment,
the signals received at each antenna element are processed to
have a phase difference of approximately 180 degrees, and
combined, which processing can efficiently and easily
remove the noise mixed into the received signal.

Second Embodiment

FIG. 3 schematically shows a configuration of an antenna
device according to a second embodiment of the present
invention.

The second embodiment is configured so that, in the
antenna device in FIG. 1 sides 2a and 3a of the antenna
elements 2 and 3 are angled parallel to the conductive ground
plane 1, respectively, and open ends (tip ends) E1 and E2 of
the angled sides 2a and 3a are positioned adjacent to each
other.

The tip ends E1 and E2 of the antenna elements 2 and 3 are
made adjacent to each other, so that capacitive coupling
between the antenna elements 2 and 3 is strengthened.
Accordingly, even if noise enters the feeding points P1 and P2
with a different amount (amplitude) from a noise source on
the conductive ground plane 1, the antenna elements 2 and 3
have a noise amplitude in approximately the same level,
improving a noise suppression effect on subtraction by the
subtractor 4. A distance between the open ends E1 and E2 is
desirably equal to or smaller than 0.015 of a wavelength, and
in this case, the effect described above can be more improved.

Further, when the coupling between the tip ends E1 and E2
is strengthened in this way, one of the antenna elements also
has high impedance while the other of the antenna elements is
used for reception, and accordingly, electric current distribu-
tions are perpendicular to each other, and radiation patterns
are perpendicular to each other. Consequently, itis possibleto
correctly receive an incoming electric wave signal while sat-
isfactorily suppressing a noise in the subtractor 4.

Here, the antenna elements 2 and 3 may preferably have a
length of approximately a quarter of an operating wavelength,
respectively. In this case, there is an advantage of easy match-
ing between the antenna elements and the feedlines.

Third Embodiment

FIG. 4 schematically shows a configuration of an antenna
device according to a third embodiment of the present inven-
tion.

The third embodiment is configured so that the antenna
device in FIG. 3 (a portion except for the conductive ground
plane) is moved to a corner portion of the conductive ground
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6

plane 1. Portions 2a and 24 of the antenna elements 2 and 3
are arranged along edge sides of the conductive ground plane
1 where electric current easily flows. In such a configuration,
electric current concentrates on the antenna elements and end
portions of the conductive ground plane, enhancing orthogo-
nality between both antenna elements.

Simulation

Now, the result will be shown that has been obtained
through simulation for confirming characteristics of the
antenna device shown in FIG. 4 by the present inventors. In
this case, for parameters in the simulation, a size of the con-
ductive ground plane was 280 mmx210 mm, and a length of
the antenna elements was 145 mm. Further, the distance
between the feeding points was 85 mm, and the distance
between the open ends was 7 mm.

FIG. 5 shows radiation patterns (received patterns) of a
horizontal polarized wave in a horizontal plane of two anten-
nas, obtained through the simulation. As being seen from
FIG. 5, it will be understood that the radiation patterns (direc-
tivity) of the antenna elements 2 and 3 largely differ, and are
approximately perpendicular to each other.

FIG. 6 shows an amount of noise suppressed by the antenna
device at each position when a corner portion adjacent to two
feeding points on the conductive ground plane is taken as the
original point in the X-Y coordinate system, and positions of
the noise source are (-40, —160), (-180, —-140), and (-200,
-40). As can be seen in FIG. 6, it may be confirmed that,
independent of the positions of the noise source, the noise is
largely suppressed.

Fourth Embodiment

FIG. 7 schematically shows a configuration of an antenna
device according to a fourth embodiment of the present inven-
tion.

The fourth embodiment is configured so that the antenna
device shown in FIG. 1 (a portion except for the conductive
ground plane) is moved to an end portion of the conductive
ground plane, and sides 2a and 3a of the antenna elements 2
and 3 are angled toward the side of the conductive ground
plane 1, and tip ends thereof are short-circuited to the con-
ductive ground plane 1. The tip ends short-circuited to the
conductive ground plane 1 allows an electric current distri-
bution on the conductive ground plane 1 to be concentrated on
aportion immediately below the relevant antenna element on
reception at the antenna element, and accordingly orthogo-
nality of the electric current distribution is improved, and
orthogonality of the radiation patterns are enhanced, thereby
enhancing improvement of SIR. At this time, because the
antenna elements 2 and 3 are positioned along the edge sides
of the conductive ground plane 1, this effect is more
increased. The antenna elements 2 and 3 may preferably have,
for example, a length of approximately a half of an operating
wavelength. In this case, there is an advantage of easy match-
ing between the antenna elements and the feedlines.

Fifth Embodiment

FIG. 8 schematically shows a configuration of an antenna
device according to a fifth embodiment of the present inven-
tion.

In the fifth embodiment, the antenna elements are arranged
so that a plane on which the antenna elements exist in the
antenna device in FIG. 7 is parallel to the conductive ground
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plane 1, and the antenna elements are positioned so that the
antenna elements are flush with the conductive ground plane
1.

The antenna elements flush with the conductive ground
plane 1 facilitate installation of the antenna elements and
provide for a low profiled antenna device. For a specific
configuration, for example, a metal layer is formed on a
dielectric plate, and a part of the metal layer is used to form
the conductive ground plane 1, the lines, and feedlines (for
example, a microstrip line), and the remaining area is, for
example, patterned to form the antenna elements, and thereby
it is possible to easily build the conductive ground plane and
the antenna elements which are located on the same plane.

Further, the antenna elements may be located higher than
the conductive ground plane 1, which also provides for a low
profiled antenna device. In this case, the tip ends of the
antenna elements may be connected to the conductive ground
plane 1 by, for example, soldering.

Variations

FIG. 9 shows a variation of the antenna device shown in
FIG. 4.

In FIG. 4, the line 8 and the feedlines 6 and 7 are coaxial
lines, while in the present embodiment, they are microstrip
lines. In such a manner, the present invention has no limit to
a line configuration, and a line with another configuration
may also be used, in addition to the coaxial line and the
microstrip line.

Further, in the present embodiment, as the subtractor 4, a
phase shifter 12 is provided in the feedline 6, and the signal of
one of the feedlines is given a phase delay of approximately
180 degrees. The other ends of two feedlines are connected
together at a combining point 22, and at the combining point
22, the signals from the two feedlines, which have a phase
difference of approximately 180 degrees, are combined with
each other. The combined signal obtained at the combining
point 22 is input to the radio unit 5 through the line.

FIG. 10 shows a variation of the antenna device shown in
FIG. 9. In the antenna device in FIG. 9, two antenna elements
have been in the form ofa line, while as shown in FIG. 10, two
antenna elements may be in the form of a plate. Being in the
form of a plate, the antenna element can have a wider band-
width.

FIG. 11 shows a variation of the antenna device shown in
FIG. 9. As shown in FIG. 11, two antenna elements may have
a meandering shape. Having the meandering shape, the
antenna elements can be formed smaller.

FIG. 12 shows a variation of the antenna device shown in
FIG. 11. As shown in FIG. 12, tip ends of two antenna ele-
ments having the meandering shape may be short-circuited to
the conductive ground plane 1. Consequently, there may be
the effect similar to the antenna device described referring to
FIG. 7.

FIG. 13 shows a variation of the antenna device shown in
FIG. 4. In the antenna device in FIG. 4, the side 2a of the
antenna element 2 has been angled at approximately the same
position as that at which the side 3a of the antenna element 3
has been angled, while in the present embodiment, as shown
in FIG. 13, they are angled at a different position, respec-
tively. Describing from another viewpoint, in FIG. 4, the side
2a and the side 3a have been symmetrical with respect to a
line connecting the center of a line segment connecting
respective open ends (tip ends) and the center of a line seg-
ment connecting the other, respective sides (connection
points to the side 254 and the side 35), while in the present
embodiment, the side 2a and the side 3a are not symmetrical
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with respect to the relevant line. Because the effect of the
present invention is not damaged even if unsymmetrical, a
degree of freedom may be enhanced on implementing the
antenna device.

FIG. 14 shows a variation of the antenna device shown in
FIG. 4. In the antenna device of FIG. 4, two antenna elements
have had an L-shape (the sides 2a and 3a have been angled),
while as shown in FIG. 14, two antenna elements may have a
shape of an inverted F antenna (the sides 2a and 3a are
angled). Having the shape of an inverted F antenna, there is an
advantage of easy matching between the antenna elements
and the feedlines. In addition, in the inverted F antenna, as
shown in FIG. 14, a conductive element 2¢ extends from an
intersection point H1 of the side 2a and the side 25 parallel to
the conductive ground plane 1, and is angled toward the side
of the conductive ground plane 1 on the way to be short-
circuited to the conductive ground plane 1. Similarly, a con-
ductive element 3¢ extends from an intersection point H2 of
the side 3a and the side 35 parallel to the conductive ground
plane 1, and is, on the way, angled toward the side of the
conductive ground plane 1 to be short-circuited to the con-
ductive ground plane 1.

FIG. 15 shows a variation of the antenna device shown in
FIG. 4. As shown in FIG. 15, in two antenna elements 2 and
3, new, conductive elements 24 and 3d branch from the side
2a and the side 3a on the way, respectively. That is, on the
conductive ground plane 1, one end of the conductive ele-
ments 24 and 3d is connected to the side 24 and the side 3a
parallel to the conductive ground plane 1, respectively. Con-
sequently, multifrequency can be provided.

FIG. 16 shows a variation of the antenna device shown in
FIG. 9. As shown in FIG. 16, two antenna elements 2 and 3
have switches SW1 and SW2 provided therein on the way,
and the switches SW1 and SW2 are switchable between ON
and OFF. Accordingly, a length of the antenna elements is
switchable, and thereby multifrequency can be provided.

FIG. 17 shows a variation of the antenna device shown in
FIG. 15. Similarly to FIG. 16, two antenna elements 2 and 3
have switches SW1 and SW2 provided therein on the way,
and the switches SW1 and SW2 are turned on or off, and
thereby multifrequency can be provided.

FIG. 18 shows a variation of the antenna device shown in
FIG. 9. As shown in FIG. 18, variable capacitance elements
C1 and C2 are disposed between tip ends of two antenna
elements 2 and 3, and the conductive ground plane 1. Switch-
ing capacity of the variable capacitance elements C1 and C2
allows an operating frequency of the antenna elements 2 and
3 to be variable. The variable capacitance elements C1 and C2
may be inserted in the antenna elements 2 and 3 on the way,
and thereby the similar effect can be provided.

FIG. 19 schematically shows a configuration in which the
antenna device according to an embodiment o the present
invention is installed in a lower housing of a notebook PC. In
such a manner, the present antenna device can be installed in
a mobile terminal device such as a notebook PC. An object in
which the antenna device according to the present invention is
installed is not limited to the mobile terminal device, and can
be installed, for example, in a display such as a flat panel
display (FPD). In this case, the present antenna device can
operate as an antenna for receiving the digital terrestrial
broadcasting.

The present invention is not limited to the exact embodi-
ments described above and can be embodied with its compo-
nents modified in an implementation phase without departing
from the scope of the invention. Also, arbitrary combinations
of'the components disclosed in the above-described embodi-
ments can form various inventions. For example, some of the
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all components shown in the embodiments may be omitted.
Furthermore, components from different embodiments may
be combined as appropriate.

What is claimed is:

1. An antenna device, comprising:

a conductive ground plane;

first and second antenna elements connected to the conduc-
tive ground plane through first and second feeding
points, respectively, directivities of the first and second
antenna elements being arranged to be approximately
perpendicular to each other;

a phase adjusting circuit configured to provide a phase
difference of approximately 180 degrees between first
and second signals received by the first and second
antenna elements, respectively;

a combining circuit configured to combine the first and

second received signals having a phase difference of

approximately 180 degrees therebetween to obtain a
combined signal; and

a radio unit configured to process the combined signal,

wherein

a distance between the first and second feeding points is
equal to or smaller than a quarter of an operating wave-
length,

each of'the first and second antenna elements comprises a
first partial element parallel to the conductive ground
plane, and a second partial element approximately per-
pendicular to the conductive ground plane,

each second partial element having a first end connected to
a first end of a corresponding one of the first partial
elements,

each second partial element having a second end connected
to a corresponding one of the first and second feeding
points, and

each first partial element is angled so that respective open
ends thereof are adjacent to each other.

2. The device according to claim 1, wherein

the first and second feeding points are provided on adjacent
edge sides of the conductive ground plane.
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3. The device according to claim 1, wherein

the first and second antenna elements have a length of

approximately a quarter of an operating wavelength.

4. The device according to claim 1, wherein

the first and second antenna elements have a length of

approximately a half of an operating wavelength.

5. The device according to claim 1, wherein

the first and second antenna elements are arranged along

adjacent edge sides of the conductive ground plane,
respectively.

6. A signal receiving method, comprising:

receiving first and second signals by first and second

antenna elements connected to a conductive ground
plane through first and second feeding points, respec-
tively, wherein directivities of the first and second
antenna elements are arranged to be approximately per-
pendicular to each other, a distance between the first and
second feeding points is equal to or smaller than a quar-
ter of an operating wavelength, each of the first and
second antenna elements comprises a first partial ele-
ment parallel to the conductive ground plane and a sec-
ond partial element approximately perpendicular to the
conductive ground plane, and the first partial elements of
the first and second antenna elements are respectively
angled such that open ends of the first partial elements of
the first and second antenna elements are adjacent to
each other;

creating a phase difference of approximately 180 degrees

between first and second received signals;

combining the first and second received signals having the

phase difference of approximately 180 degrees therebe-
tween to obtain a combined signal; and

processing the combined signal.

7. The device according to claim 1, wherein each first
partial element is angled to form first and second element
parts substantially perpendicular to each other.

8. The method according to claim 6, wherein each first
partial element is angled to form first and second element
parts substantially perpendicular to each other.
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1
SURFACE MOUNTED PLANAR ANTENNA
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna, in particular to
a surface mounted planar.

2. Description of Related Art

Wireless communication products have already become a
part of our life, which can be installed in car, public commu-
nication equipment or a portable communication apparatus.
An antenna installed in such communication products is used
to receive and emit electromagnetic waves, which couples
electromagnetic energy between free space and guiding
device as a basic function. Many different kinds of antennas
such like dipole antenna, planar antenna and micro stripe
antenna are developed to meet requirements from different
kinds of communication products.

FIGS. 1(a) and 1(b) show a prior art pin through hole type
planar antenna 10, which includes a ceramic base 101, a
radiation metal plate 102 arranged on a top face ofthe ceramic
base 101, and a ground metal plate 103 arranged on a bottom
face of the ceramic base 101. Further, a through hole 104 is
formed from the radiation metal plate 102 through the
ceramic base 101 to the ground metal plate 103 and is used to
accommodate a T-shaped signal feeder 105 to form a planar
antenna structure which is able to mount on a mother board.
But this kind of pin through hole type planner planar antenna
10 needs to be manually mounted onto the mother board
instead of using automatic machine.

Moreover, a surface mounted patch antenna 30 as FIGS.
2(a) and 2(b) show, includes a ceramic base 301, a radiation
metal plate 302 arranged on a top face of the ceramic base
301, a ground metal plate 303 arranged on a bottom face of the
ceramic base 301, and at least one metal electrode 304
arranged on a lateral side face of the ceramic base 301. This
kind of patch antenna 30 can be mounted onto the mother
board by using automatic machine. However, uniform weld-
ing temperature is difficult to achieve for ceramic base 301
with considerable size due to temperature characteristics in
surface mount process. This makes surface mounting process
troublesome for the surface mounted patch antenna 30.

SUMMARY OF THE INVENTION

The present invention is to provide a surface mounted
planar antenna apparatus, capable of being electrically con-
nected to a mother board of an electronic device by surface
mounting techniques to increase the efficiency of assembling
of the antenna apparatus and to improve the convenience of
using the antenna apparatus.

In order to achieve aforementioned purpose, the present
invention provides a surface mounted planar antenna appara-
tus, including an antenna and a circuit board. The antenna
includes a base, a radiation metal plate arranged on a top face
of the base, and a ground metal plate arranged on a bottom
face of the base. A through hole is defined from the radiation
metal plate through the base to the ground metal plate. The
antenna further includes a signal feeder arranged in the
through hole and electrically connected to the radiation metal
plate but electrically isolated with the ground metal plate. The
circuit board is attached on the bottom face of the base and
includes a upper face, a lower face and a via hole, wherein the
upper face includes at least one binding area for binding with
the ground metal plate on the bottom face of the base, and the
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lower face includes at least one first pad and a signal feeding
trace electrically connected with the signal feeder.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be novel are set
forth with particularity in the appended claims. The invention
itself however may be best understood by reference to the
following detailed description of the invention, which
describes certain exemplary embodiments of the invention,
taken in conjunction with the accompanying drawings in
which:

FIGS. 1(a) and 1(b) are perspective views of a traditional
pin through hole type planar antenna;

FIGS. 2(a) and 2(b) are perspective views of a prior art
surface mounted patch antenna;

FIG. 3 is a perspective view of a surface mounted planar
antenna apparatus of the present invention;

FIG. 4 is another perspective view of a surface mounted
planar antenna apparatus of the present invention;

FIG. 5 is another perspective view of a surface mounted
planar antenna apparatus of the present invention;

FIG. 61s across-sectional view of a surface mounted planar
antenna apparatus of the present invention;

FIG. 7 is a perspective view of a surface mounted planar
antenna apparatus of the present invention; and

FIG. 81s across-sectional view of a surface mounted planar
antenna apparatus of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A detailed description of the present invention will be
made with reference to the accompanying drawings.

FIGS. 3, 4 and 5 depict a surface mounted planar antenna
apparatus according to an embodiment of the present inven-
tion. The surface mounted planar antenna apparatus includes
an antenna 1 and a circuit board 2. The antenna 1 is substan-
tially cubic shaped and includes a ceramic base 11, aradiation
metal plate 12 arranged on a top face of the base 11, and a
ground metal plate 13 arranged on a bottom face of the base
11. A through hole 14 is defined from the radiation metal plate
12 through the base 11 to the ground metal plate 13. The
antenna 1 further includes a T-shaped signal feeder 15
arranged in the through hole 14. The T-shaped signal feeder
15 includes a semi-circle shaped head 151 electrically con-
nected to the radiation metal plate 12, and a rod 152 extended
from the head 151 into the through hole 14. The head 151 is
electrically connected with the radiation metal plate 12 which
is formed as a signal receiving end. The rod 152 is electrically
insulated with the ground metal plate 13 and electrically
connected with the circuit board 2.

The circuit board 2 is attached on the bottom face of the
base 11 and includes an upper face 21 and alower face 22. The
upper face 21 includes at least one binding area 23 for binding
the ground metal plate 13 on the bottom face of the base 11 by
sticking glue or a double-sided adhesion tape arranged on the
binding area 23. A ring-shaped pad 24 is arranged on center of
the upper face 21 of the circuit board and is electrically
connected with the signal feeder 15. A via hole 25 is formed
on the circuit board 2 through which a end 153 of the signal
feeder 15 passes. The lower face 22 includes a plurality of first
pads 26 is at ground level state under high frequency range
with the ground metal plate 13 when the upper face 21 of the
circuit board 2 is bound onto the bottom face of the base 11.
A ground pad (not shown) can be further arranged on the
upper face 21 and electrically connected with the first pads 26
on the lower face 22. When the base 11 is attached onto the
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upper face 21 of the circuit board 2, the ground metal plate 13
is electrically connected with the ground pad. When the cir-
cuit board 2 is electrically connected to a mother board of an
electronic device (not shown), the first pads 26 provide both
fixing function and grounding function. Besides, a signal
feeding trace 27 is arranged on the lower face 22 of the circuit
board 2 and has a first end 271 arranged around the through
hole 25, and a second end 272 formed as a second pad,
wherein the first end 271 is electrically connected with the
end 153 of the signal feeder 15 and the second end 272 is used
for connecting with a signal feeding end of the mother board.
In this embodiment, the signal feeding trace is a planar micro
stripe.

AsFIG. 6 shows, when the bottom face ofthe base 11 of the
antenna 1 is attached onto the upper face 21 of the circuit
board 2 through sticking glue or a double-sided adhesion
tape, the ground metal plate 13 on the bottom face of the base
11 is electrically connected to the binding area 23 ofthe upper
face 21 of the circuit board 2. Then, the rod 152 of the signal
feeder 15 of the antenna 1 is passed through the through hole
25 of the circuit board 2 and is electrically connected to the
first end 271 of the signal feeding trace 27 to form the surface
mounted planar antenna apparatus of the present invention.

With reference to FIG. 7 and FIG. 8, when the antenna 1
and the circuit board 2 constitute the surface mounted planar
antenna apparatus, the first pads 26 on the lower face 22 of the
circuit board 2 are electrically connected to a plurality of
conducting pads 31 on the mother board 3 of the electronic
device. The second pad formed by second end 272 of the
signal feeding trace 27 is electrically connected to a signal
feeding pad 32 on the mother board 3. Therefore, the surface
mounted planar antenna apparatus of the present invention
can be mounted onto the mother board 3 of the electronic
device using surface mounting techniques, thus tremendously
increases the efficiency of assembling of the antenna appara-
tus and improving the convenience of using the antenna appa-
ratus.

Although the present invention has been described with
reference to the foregoing preferred embodiment, it will be
understood that the invention is not limited to the details
thereof. Various equivalent variations and modifications can
still occur to those skilled in this art in view of the teachings
of'the present invention. Thus, all such variations and equiva-
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lent modifications are also embraced within the scope of the
invention as defined in the appended claims.

What is claimed is:

1. A surface mounted planar antenna apparatus, compris-
ing:

an antenna comprising a base, a radiation metal plate

arranged on a top face of the base, and a ground metal
plate arranged on a bottom face of the base, a through
hole defined from the radiation metal plate and passed
through the base to the ground metal plate, the antenna
further comprising a signal feeder arranged in the
through hole and electrically connected to the radiation
metal plate but electrically isolated with the ground
metal plate; and

a circuit board attached on the bottom face of the base and

comprising an upper face, a lower face and a via hole,
wherein the upper face includes at least one binding area
for binding with the ground metal plate on the bottom
face of the base, wherein the lower face includes at least
one first pad and a signal feeding trace electrically con-
nected with the signal feeder, and wherein sticking glue
or a double-sided adhesion tape is arranged on the bind-
ing area for binding with the ground metal plate.

2. The apparatus according to claim 1, wherein the base is
made of ceramic material.

3. The apparatus according to claim 1, wherein the signal
feeder is of T-shaped and has a semi-circle-shaped head, a rod
extended from the head and extended into the through hole to
electrically connect the head with the radiation metal plate
which is formed as a signal receiving end.

4. The apparatus according to claim 1, wherein a ring-
shaped pad is arranged on the upper face of the circuit board
and is electrically connected with the signal feeder.

5. The apparatus according to claim 1, wherein a ground
pad is arranged on the upper face of the circuit board and is
electrically connected with the first pad on the lower face.

6. The apparatus according to claim 1, wherein the signal
feeding trace has a first end arranged around the through hole,
and a second end formed as a second pad, wherein the first end
is electrically connected with the signal feeder and the second
end is used for connecting with a mother board.

7. The apparatus according to claim 6, wherein the signal
feeding trace is a planar microstrip.
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radiating portion, a second radiating portion and a third radi-
(51) Imt.ClL ating portion. A third antenna radiator extends parallel to the
H01Q 1724 (2006.01) first radiating portion from a side of the feeding portion. A
(52) US.CL ... 343/702; 343/700 MS; 343/846  coupling component includes a first section, a second section
(58) Field of Classification Search 343/700 MS and a third section extending opposite to the first section from
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an end of the second section.
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1
MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a multi-band antenna, and particu-
larly to a multi-band antenna with a compact structure
capable of covering multiple frequency bands.

2. The Related Art

With the development of electronic technology, a portable
communication electronic device is generally equipped with
many antennas for supporting wireless communication in
multiple operating frequency bands, such as the bands of
Global Position System (GPS), wireless wide area network
(WWAN) and the like, nowadays. Accordingly, it makes the
electronic device occupy arelatively large space to receive the
corresponding antennas, which is against the current trends of
light and compact electronic device; furthermore, it increases
the manufacturing cost and the assembling time. So it is
necessary to design an antenna with a compact structure
capable of covering the above-mentioned frequency bands
synchronously.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a multi-
band antenna with a compact structure capable of covering
multiple frequency bands.

The multi-band antenna has an elongated grounding plate
disposed levelly with a first end and a second end defined at a
longer side thereof. The longer side has an upward first con-
necting portion adjacent to the first end and a vertical second
connecting portion extending along the longer side and oppo-
site to the first end from an upper portion of the first connect-
ing portion and being spaced away from the grounding plate.
A feeding portion extends downwards from a lower edge of
the second connecting portion, and is spaced away from the
grounding plate. A first antenna radiator extends towards a
same direction with respect to the second connecting portion
along the grounding plate from an upper side of the second
connecting portion. The first antenna radiator is parallel to the
grounding plate and elongated along an extending direction
of the grounding plate. A second antenna radiator includes a
first radiating portion extended towards the second end from
a side of the second connecting portion facing the second end
and longer than the first antenna radiator, a second radiating
portion extended upwards from a free end of the first radiating
portion, and a third radiating portion prolonged opposite to
the first radiating portion from a top end of the second radi-
ating portion. The third radiating portion is substantially flush
and aligned with the first antenna radiator. A third antenna
radiator extends parallel to the first radiating portion from a
side of the feeding portion extending toward the second end.
A coupling component connected with the second end of the
longer side includes a first section extending towards the third
radiating portion, with a top edge lower than the third radiat-
ing portion, a second section extending perpendicularly and
away from the third radiating portion from a free end of the
first section, and a third section extending opposite to the first
section from a free end of the second section and beyond the
third radiating portion.

As described above, the first antenna radiator, the second
antenna radiator, the third antenna radiator and the coupling
component are adapted for generating electromagnetic reso-
nance in frequency bands ranging from 1710 MHz to 2170
MHz, from 824 MHz to 960 MHz and around 1575 MHZ,
respectively. Thus the multi-band antenna is capable of
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2

receiving and sending electromagnetic signals in GSMS850
(824~894 MHZ), GSM900 (880~960 MHZ), GPS (1575x10
MHZ), DCS (1710~1880 MHZ), PCS (1850~1990 MHZ)
and W-CDMA 2100 (1920~2170 MHZ). Therefore, the
multi-band antenna covering multiple frequency bands
mainly used in the world will meet the using demands from
customers and be inclined to be applied widely.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be apparent to those skilled in
the art by reading the following description thereof, with
reference to the attached drawings, in which:

FIG. 1 is a perspective view of a multi-band antenna
according to an embodiment of the present invention;

FIG. 2 is a perspective view of the multi-band antenna
shown in FIG. 1 seen from another direction;

FIG. 3 is a Smith chart recording impedance of the multi-
band antenna shown in FIG. 1;

FIG. 4 shows a Voltage Standing Wave Ratio (VSWR) test
chart of the multi-band antenna shown in FIG. 1;

FIG. 5 shows a Return Loss test chart of the multi-band
antenna shown in FIG. 1; and

FIG. 6 shows an Antenna Performance test chart of the
multi-band antenna shown in FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Please refer to FIG. 1 and FIG. 2, a multi-band antenna
according to the present invention is shown. The multi-band
antenna mounted on an electronic device (not shown) has an
elongated grounding plate 10 disposed levelly with a longer
side 11 defined thereon. Both opposite ends of the longer side
11 is defined a first end 111 and a second end 112. The first
end 111 and the second end 112 are both extended upwards to
form a first positioning plate 12 and a second positioning plate
13. Each of the first positioning plate 12 and the second
positioning plate 13 has two positioning holes 14, convenient
for assembly. An upward first connecting portion 15 is
extended outwards from a portion of the longer side 11 adja-
cent to the first positioning plate 12 and bent upwards to show
an L-shape. A vertical second connecting portion 16 is
extended opposite to the first positioning plate 12 along the
longer side 11 from an upper portion of the first connecting
portion 15. The second connecting portion 16 is of L-shape,
having an upwardly oriented end, and spaced away from the
grounding plate 10. A feeding portion 17 extends downwards
from a lower edge of the second connecting portion 16, with
a bent bottom adjacent to and spaced apart from the ground-
ing plate 10. A soldering portion 18 extends upwards from a
portion of the longer side 11 of the grounding plate 10
between the first connecting portion 15 and the feeding por-
tion 17, and is spaced away from the first and the second
connecting portions 15, 16 with a predetermined distance for
generating coupling effect therebetween, enlarging fre-
quency width of the multi-band antenna. The soldering por-
tion 18 is biased from the second connecting portion 16 and
adapted for soldering a cable (not shown) thereon. A first
antenna radiator 20 extends towards a same direction with
respect to the second connecting portion 16 along the ground-
ing plate 10 from an upper side of the oriented end of the
second connecting portion 16. The first antenna radiator 20 is
parallel to the grounding plate 10 and elongated along an
extending direction of the grounding plate 10. A second
antenna radiator 30 includes a first radiating portion 31
extended towards the second positioning plate 13 from a
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lower portion of a side of the second connecting portion 16
facing the second end 112 and longer than the first antenna
radiator 20, a second radiating portion 32 extended upwards
from a free end of the first radiating portion 31, and a third
radiating portion 33 prolonged levelly and opposite to the first
radiating portion 31 from a top edge of the second radiating
portion 32. The third radiating portion 33 is substantially
flush and aligned with the first antenna radiator 20. A third
antenna radiator 40 extending from a side of the feeding
portion 17 protrudes slantingly and downwardly toward the
second end 112, and then extends parallel to the first radiating
portion 31. A bottom edge and a free end of the third antenna
radiator 40 are respectively and substantially flush with the
grounding plate 10 and a free end of the first antenna radiator
20. A coupling component 50 includes a first section 51
extended towards the third radiating portion 33 of the second
antenna radiator 30 from a side of the second positioning plate
13 facing the first positioning plate 12, with a top edge lower
than the third radiating portion 33 and a free end spaced from
the third radiating portion 33 with a short distance, a second
section 52 extended perpendicularly and away from the third
radiating portion 33 from a free end of the first section 51, and
a third section 53 extended perpendicularly and opposite to
the first section 51 from a free end of the second section 52
and beyond the third radiating portion 33.

‘When the multi-band antenna operates at wireless commu-
nication, a current is fed from the feeding portion 17 to the
first antenna radiator 20 to generate an electrical resonance
corresponding to frequency band ranging between 1.71 GHz
and 2.17 GHz. While the current is fed from the feeding
portion 17 to the second antenna radiator 30 to generate an
electrical resonance corresponding to frequency band rang-
ing between 824 MHz and 960 MHz. Meanwhile, the first
antenna radiator 20, the second antenna radiator 30 and the
third antenna radiator 40 have influence upon each other, so
that the electrical resonance according to the frequency bands
are superimposed, consequently, enlarging bandwidth of a
high frequency. The coupling portion 50 and the third radiat-
ing portion 33 of the second antenna radiator 30 generate
coupling effect therebetween, which can generate an electri-
cal resonance corresponding to frequency band of 1575
MHZ.

Please refer to FIG. 3, which shows a Smith chart recording
impedance of the multi-band antenna when the multi-band
antenna operates at wireless communication. The multi-band
antenna exhibits an impedance of (96.767+j43.694) Ohm at
824 MHz, an impedance of (26.284-j8.061) Ohm at 960
MHz, an impedance of (49.271+j2.808) Ohm at 1575 MHz,
an impedance of (59.414+29.240) Ohm at 1710 MHz, an
impedance of (32.815+j0.2289) Ohm at 2170 MHz. There-
fore, the multi-band antenna has good impedance character-
istics.

Please refer to FIG. 4, which shows a Voltage Standing
Wave Ratio (VSWR) test chart of the multi-band antenna
when the multi-band antenna operates at wireless communi-
cation. When the multi-band antenna operates at 824 MHz
(indicator Mkr1 in FIG. 4), the VSWR value is 2.469. When
the multi-band antenna operates at 960 MHz (indicator Mkr2
in FIG. 4), the VSWR value is 2.031. When the multi-band
antenna operates at 1575 MHz (indicator Mkr3 in FIG. 4), the
VSWR value is 1.062. When the multi-band antenna operates
at 1.71 GHz (indicator Mkr4 in FIG. 4), the VSWR value is
1.575. When the multi-band antenna operates at 2.17 GHz
(indicator Mkr5 in FIG. 4), the VSWR value is 1.539. The
VSWR values of the multi-band antenna show that the multi-
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band antenna has an excellent frequency response between
825 MHz~960 MHz, between 1.71 GHz~2.17 GHz,and 1575
MHZ.

Please refer to FIG. 5, which shows a Return Loss test chart
of'the multi-band antenna when the multi-band antenna oper-
ates at wireless communication. When the multi-band
antenna operates at 824 MHz (indicator Mkrl in FIG. 5), the
return loss value is =7.751 dB. When the multi-band antenna
operates at 960 MHz (indicator Mkr2 in FIG. 5), the return
loss value is =9.385 dB. When the multi-band antenna oper-
ates at 1575 MHz (indicator Mkr3 in FIG. 5), the return loss
value is =31.518 dB. When the multi-band antenna operates
at 1.71 GHz (indicator Mkr4 in FIG. 5), the return loss value
is —11.277 dB. When the multi-band antenna operates at 2.17
GHz (indicator Mkr5 in FIG. 5), the return loss value is
-13.643 dB. The return loss values of the multi-band antenna
show that the multi-band antenna has an excellent frequency
response between 825 MHz~960 MHz and between 1.71
GHz~2.17 GHz and 1575 MHZ.

Please refer to FIG. 6, which shows an efficient chart of the
multi-band antenna in the embodiment. When the multi-band
antenna receives and sends electromagnetic signals in GSM
850 (824~894 MHZ), the average antenna efficient is
38.94%. When the multi-band antenna receives and sends
electromagnetic signals in GSM 900 (880~960 MHZ), the
average antenna efficient is 43.19%. When the multi-band
antenna receives and sends electromagnetic signals in GPS
(1575£10 MHZ), the average antenna efficient is 35.78%.
‘When the multi-band antenna receives and sends electromag-
netic signals in DCS (1710~1880 MHZ), the average antenna
efficient is 33.98%. When the multi-band antenna receives
and sends electromagnetic signals in PCS (1850~1990
MHZ), the average antenna efficient is 33.17%. When the
multi-band antenna receives and sends electromagnetic sig-
nals in W-CDMA 2100 (1920~2170 MHZ), the average
antenna efficient is 33.14%. The average antenna efficient
shows that the multi-band antenna has a good performance in
the low frequency and the high frequency.

As described above, the structure of the multi-band
antenna is simple and compact. The first antenna radiator 20,
the second antenna radiator 30, the third antenna radiator 40
and the coupling component 50 are capable of covering fre-
quency bands between 824 MHZ and 960 MHZ, between
1710 MHZ and 2170 MHZ and around 1575 MHZ, which
makes the multi-band antenna capable of receiving and send-
ing electromagnetic signals in GSM850 (824~894 MHZ),
GSM900 (880~960 MHZ), GPS (157510 MHZ), DCS
(1710~1880 MHZ), PCS (1850~1990 MHZ) and W-CDMA
2100 (1920~2170 MHZ). Therefore, the multi-band antenna
covering multiple frequency bands mainly used in the world
and occupying a less space will meet the using demands from
customers and be inclined to be applied widely.

Furthermore, the present invention is not limited to the
embodiment described above; various additions, alterations
and the like may be made within the scope of the present
invention by a person skilled in the art. For example, respec-
tive embodiments may be appropriately combined.

What is claimed is:

1. A multi-band antenna, comprising:

an elongated grounding plate disposed levelly with a first

end and a second end defined at a longer side thereof, the
longer side having an upward first connecting portion
adjacent to the first end, a vertical second connecting
portion extending along the longer side and opposite to
the first end from an upper portion of the first connecting
portion and being spaced away from the grounding
plate;
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a feeding portion extending downwards from a lower edge
of'the second connecting portion, and spaced away from
the grounding plate;

a first antenna radiator extended towards a same direction
with respect to the second connecting portion along the
grounding plate from an upper side of the second con-
necting portion, the first antenna radiator parallel to the
grounding plate and elongated along an extending direc-
tion of the grounding plate;

a second antenna radiator, the second antenna radiator
including a first radiating portion extended towards the
second end from a side of the second connecting portion
facing the second end and longer than the first antenna
radiator, a second radiating portion extended upwards
from a free end of the first radiating portion, and a third
radiating portion prolonged opposite to the first radiat-
ing portion from a top end of the second radiating por-
tion, the third radiating portion substantially flush and
aligned with the first antenna radiator;

athird antenna radiator parallel to the first radiating portion
and connected to a side of the feeding portion extending
toward the second end; and

a coupling component connected with the second end of
the longer side and including a first section extending
towards the third radiating portion, with a top edge lower
than the third radiating portion, a second section extend-
ing perpendicularly and away from the third radiating
portion from a free end of the first section, and a third
section extending opposite to the first section from a free
end of the second section and beyond the third radiating
portion.

20

25

30

6

2. The multi-band antenna as claimed in claim 1, wherein
the longer side of the grounding plate has a portion extended
outwards and bent upwards to form the first connecting por-
tion of L. shape, the second connecting portion is extended
from an end of the first connecting portion, having an
upwardly oriented end away from the first connecting portion
to show an L-shape, the feeding portion with a bent bottom
adjacent to the grounding plate is spaced away from the first
connecting portion.

3. The multi-band antenna as claimed in claim 2, wherein
the longer side of the grounding plate has a portion extended
upwards to form a soldering portion between the first con-
necting portion and the feeding portion, the soldering portion
is spaced from the first and second connecting portions with
a predetermined distance.

4. The multi-band antenna as claimed in claim 1, wherein
the first end and the second end of the longer side are extended
upwards to form a first positioning plate and a second posi-
tioning plate, respectively, each of which has two positioning
holes for convenient assembly.

5. The multi-band antenna as claimed in claim 4, wherein
the first section of the coupling component is extended from
a side of the second positioning plate facing the first position-
ing plate.

6. The multi-band antenna as claimed in claim 1, wherein
the third antenna radiator protrudes slantingly and down-
wardly a distance, and extends parallel to the first radiating
portion, a bottom edge and a free end of third antenna radiator
are respectively and substantially flush with the grounding
plate and a free end of the first antenna radiator.

#* #* #* #* #*
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MOBILE ANTENNA UNIT AND
ACCOMPANYING COMMUNICATION
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of U.S. patent application
Ser.No. 12/127,091, filed on 27 May 2008, which is now U.S.
Pat. No. 7,719,473, which is a Divisional of U.S. patent
application Ser. No. 10/788,056, filed on 26 Feb. 2004, which
is now U.S. Pat. No. 7,379,025, which application is incor-
porated herein by reference, which claims priority to Japa-
nese patent application No. 2003-050328 filed 27 Feb. 2003.

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 Assistants (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 Arrangement”
Proceedings of the 1989 IEICE Spring General Confer-
ence 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 sec-
ond frequency band are provided on both sides of a substrate.
Such an antenna is described in more detail in Published
Unexamined Patent Application 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 %4 wave resonance and they
also make it difficult to realize acceptable communications
performance across a wide frequency band, such as the S 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
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2

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
antenna element through electrical coupling, 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.

According to a third embodiment of this invention, a com-
munication apparatus is provided which includes a transmis-
sion circuit that generates signals to be radio-transmitted, an
inverted F-type antenna element having a feeding point that is
supplied with signals generated by the transmission circuit
and a ground connection point, and a non-feed antenna ele-
ment 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 trans-
mission circuit that generates signals to be radio-transmitted,
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 transmis-
sion circuit, a non-feed antenna element resonated by the feed
antenna element through electrical coupling, 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 inven-
tion 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. 11is a perspective view of a communication apparatus
according to an embodiment of this invention;

FIG. 2 is a perspective, transparent view of the structure of
anantenna 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
anembodiment 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() 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
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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 character-
istics explained in these embodiments are not necessary for
each implementation of the invention.

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 communica-
tion devices in accordance with an embodiment of the present
invention, and communicates via radio with other wireless-
enabled devices. The information processing apparatus 100
has an input part 110 to input user operations of the informa-
tion 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
s0 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 fre-
quency band (low frequency band), such as the 2.45 GHz
frequency band used for IEEE802.11b/g or Bluetooth(regis-
tered 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 fre-
quency 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 2304, 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 incorpo-
rated 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 gener-
ated 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 elements accord-
ing to this invention. The inverted F-type antenna element 215
is provided between a ground connection point 207 con-
nected to a ground part 225 on the shield part 230a 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 [.-shaped structure, in which the element is
extended by a first length from the ground connection point
207 inthe 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.
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The plurality of non-feed antenna elements 220 (the non-
feed antenna elements 220a and 2205) are provided on 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 electrical cou-
pling. Each of the non-feed antenna elements 220a and 2205
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 220q 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 insu-
lating substrate 201. The shield parts 230a and 2306 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 220q 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.

Inthis 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
230a 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
230q and 2305 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 2305.
The resonance element 240, one edge of which is connected
to the ground part 225 on the shield part 2304, is resonated by
the non-feed antenna elements 220a and 2205 through elec-
trical coupling. In this embodiment, the resonance 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 con-
nected 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. Therefore, 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 insu-
lating 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 con-
nected 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 antenna
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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 fre-
quency 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 220a and 2205 may be
within a length over which electrical coupling effectively
operates, e.g., one-tenth or less of a wavelength correspond-
ing 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 elements
220a and 2205 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 resonance with the
inverted F-type antenna element 215. With this structure,
each of the non-feed antenna elements 220a and 2205 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 2204 along
a direction of resonance with the inverted F-type antenna
element 215. With this structure, the non-feed antenna ele-
ments 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 ele-
ments 220a and 2205, at least either the non-feed antenna
element 220a or the non-feed antenna element 22056 effi-
ciently resonates with the inverted F-type antenna element
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
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 arc shorter than the bases, face each other.
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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 element 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 2205 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 2225h, 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 ele-
ment 215, occurs at the feed antenna side electrostatic con-
nection parts 221a and 2215. Subsequently, by the current
occurring at the feed antenna side electrostatic connection
parts 221a and 2214, a current occurs at the resonance ele-
ment side electrostatic connection parts 222a and 222b. As a
result, by electrical coupling, a current, which is reverse to the
current flowing through the resonance element side electro-
static connection parts 222a and 222b, occurs at the reso-
nance element 240, so that the inverted F-type antenna ele-
ment 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 approxi-
mately equal to that of a standing wave of one period gener-
ated by the loop oscillation resulting from the second fre-
quency signal. For example, in the case of the 2.45 Ghz
frequency band (about 12 cm 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 aloop-type antenna in the second frequency band
lower than the first frequency band. In the first frequency
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
220q and 2206. 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 impedance
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 embodiments of the
present invention can be minimized, again, allowing the over-
all 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 embodiment can
suppress VSWR to two or less across 100 MHz of bandwidth
inthe 2.45 GHz frequency band, and communications that are
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appropriate for IEEE 802.11b/g and Bluetooth (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 frequency
band. In the 5 GHz frequency band, it is required that com-
munications be performed well across 700 MHz of band-
width from 5.15 GHz to 5.85 GHz. As shown in FIG. 3(5), the
antenna unit 200 according to this embodiment can suppress
VSWR to two or less across 1200 MHz of bandwidth in the 5
GHz frequency band, and communications that are appropri-
ate for IEEE 802.11a can be efficiently performed.

FIG. 4(a) shows measured values of the VSWR character-
istics 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 sup-
pressed 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 ele-
ments 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 character-
istics 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 fre-
quency 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. However, it
is to be understood that the scope of the present invention is
not restricted to the range of the above-described embodi-
ments. 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.

What is claimed is:

1. A communication apparatus, comprising:

a transmission circuit which generates signals to be radio-
transmitted;

a feeding point supplied with signals generated by said
transmission circuit;

an inverted F-type antenna element provided with a ground
connection point; and

a non-feed antenna element configured so as to resonate
with said inverted F-type antenna element through elec-
trical coupling, wherein the non-feed antenna element
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comprises two non-feed antenna elements, wherein the
non-feed antenna elements have lengths that are differ-
ent along a direction of resonance with the inverted
F-type antenna element.

2. The communication apparatus of claim 1, further com-
prising:

an input part for accepting user input in order to direct the
operations of said communication apparatus;

a display part for outputting information to a user of said
communication apparatus; and

a hinge part for connecting said display part to said input
part and allowing said display part to move between a
closed position against said input part and an open posi-
tion away from said input part, and wherein

said inverted F-type antenna element and said non-feed
antenna element are provided on a side of said display
part and generally parallel with a top surface of said
display part.

3. The communication apparatus of claim 1, 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.

4. The communication apparatus of 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.

5. The communication apparatus of claim 1, wherein each
non-feed antenna element has two or more different lengths
along a direction of resonance with said inverted F-type
antenna element, and wherein a shortest side of one 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. A communication apparatus, comprising:

a transmission circuit which generates signals to be radio-

transmitted;

a feeding point supplied with signals generated by said
transmission circuit;

an inverted F-type antenna element provided with a ground
connection point;

a non-feed antenna element configured so as to resonate
with said inverted F-type antenna element through elec-
trical coupling; and

an insulating substrate comprising first and second oppos-
ing surfaces, wherein said inverted F-type antenna ele-
ment is provided on the first surface of said substrate and
said non-feed antenna element is provided on the second
surface of said substrate.

7. A communication apparatus, comprising:

a transmission circuit which generates signals to be radio-
transmitted;

a feeding point supplied with signals generated by said
transmission circuit;

an inverted F-type antenna element provided with a ground
connection point; and

a non-feed antenna element configured so as to resonate
with said inverted F-type antenna element through elec-
trical coupling,

wherein when a first frequency signal is supplied to said
feeding point, said inverted F-type antenna element
oscillates and said non-feed antenna element resonates,
so that said antenna elements radiate an electric wave
corresponding to said first frequency signal as a
waveguide device.

#* #* #* #* #*
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1
ANTENNA DEVICE AND RF
COMMUNICATION EQUIPMENT

TECHNICAL FIELD

The present invention relates to the domain of radiofre-
quency (RF) communication equipments (or modules), and
more precisely to the antenna device comprised in, or con-
nected to, such RF communication equipments (or modules).

BACKGROUND ART

By “communication equipment” one means here any
equipment, mobile or not, adapted to receive and/or transmit
RF signals to and/or from mobile (or cellular) and/or WLAN
and/or broadcast and/or positioning networks, and notably a
mobile phone (for instance a GSM/GPRS, UMTS or WiMax
mobile phone), a personal digital assistant (PDA), a laptop, a
PCMCIA card (giving a communication functionality to an
equipment), a USB dongle (for use in computers and their
peripherals), a satellite positioning device (for instance a GPS
one), or a microwave receiver for radars (collision avoidance
car radars, for instance), a television receiver, a RFID (RF
IDentifier) device, or a NFC (Near Field Communication)
device.

Moreover, by “antenna device” one means here a device
comprising a substrate, a planar antenna element, and at least
apassive component (for instance a LC matching filter and/or
decoupling capacitor(s)) and/or at least an active component
(for instance a low noise receiver) connected to the antenna
element through connecting means.

When an antenna device is intended for working at very
high frequency, its (radiating) antenna element may have
dimensions in the order of few millimeters (typically a quarter
of the working wavelength). So, the antenna element can be
fixed to, or integrated into, a carrier which can be a semicon-
ductor or semi-insulating substrate. Unfortunately, when the
antenna element is working it induces electromagnetic dis-
turbances which are harmful to the working of the active
and/or passive components that are in its vicinity. Therefore,
the antenna element and the active and/or passive components
must be spaced apart at a distance which renders the antenna
electromagnetic disturbances negligible. Consequently, the
antenna device is bulky and its antenna element and the asso-
ciated electronic complex function(s) cannot be integrated
into the same carrier.

It has been recently proposed to integrate an antenna ele-
ment of the quasi-Yagi type and some associated integrated
components on top of the same side of a low resistivity silicon
multilayer substrate. The integrated components are partly
separated from the antenna by a truncated layer which is
defined in the substrate and is connected to the antenna ele-
ment. Such a solution is described in the document of Zhang
Y. P. “Recent advances in integration of antennas on silicon
chip and on ceramic package”, CONF-2005 IEEE Interna-
tional Workshop on Antenna Technology: Small Antennas
and Novel Metamaterials, 7-9 Mar. 2005—Singapore, IEEE
Piscataway, N.J., USA. This solution allows partial isolation
of some components from the antenna radiations. But, it
requires a complex and expensive process which is not
adapted to manufacturing of chips and antennas that are com-
monly used in consumer equipments. Moreover, only one
face of the carrier (or substrate) is used. So there is no possi-
bility to get a real miniaturised integrated antenna device
except if the carrier (or substrate) dimensions are very large.
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2
DISCLOSURE OF INVENTION

So, the object of this invention is to improve the situation
and at least to allow a reduction of the antenna device dimen-
sions.

For this purpose, it provides an antenna device for a RF
communication equipment, comprising a substrate with front
and back sides, a planar antenna element and a group of at
least one component connected to the antenna element.

This antenna device is characterised in that:

its planar antenna element is fixed to the substrate back

side,

the group of at least one component is fixed to (i.e. inte-

grated in or defined in or else attach to) the substrate
front side, in an area located under the antenna element,
and connected to the antenna element through at least a
first connecting means passing through the substrate,
and

it comprises a low resistivity layer buried into the substrate

for connecting to ground in order to isolate the group of
at least one component from the electromagnetic distur-
bances that are induced by the antenna element.

The IC assembly according to the invention may include
additional characteristics considered separately or combined,
and notably:

its buried layer preferably extends over a surface which is

at least equal to the surface occupied by the antenna
element, and its antenna element is fully located over its
buried layer;

its buried layer may be arranged in order to act as areflector

for the antenna element;

its buried layer can also be used as ground connection for a

component.
For instance, it may define a part of at least one component of
the group;

its antenna element is a radiating element;

this radiating element may be a slot antenna element
comprising at least one slot and having first and sec-
ond terminals respectively connected to the group of
components and to the buried layer through the first
connecting means and a second connecting means
passing through the substrate;

in a first variant, the radiating element may be a patch
antenna element;

in a second variant, the radiating element may be a
transmission line;

the first and/or second connecting means may be via holes;

it may comprise at least one additional active component

(for instance a radio communication component, such as
an active low noise receiver (or down converter), or a
transmitter, or else a transceiver) fixed to the substrate
front side and electrically connected to at least one com-
ponent of the group;

in a variant at least one component of the group may define

a radio communication component, such as an active
low noise receiver (or down converter), or a transmitter,
or else a transceiver, for instance;
at least one component of the group may define a low loss
matching filter arranged to match the output impedance
ofthe antenna element to an input of the active low noise
receiver, and/or at least one component of the group may
define at least partly supply decoupling functions with
(integrated) decoupling capacitor(s);

it may comprise connection pads fixed to the substrate front
side, electrically connected to the buried layer and to at
least one of the components of the group and/or to at
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least one of the active components for connecting to a
printed circuit board (PCB) of the RF communication
equipment;

its substrate may be a high resistivity substrate, for instance

made of silicon or another semi insulating I1I/V mate-
rial;

its buried layer may be made of doped silicon;

its buried layer may be realised by means of a passive

integration process.

The invention also provides a RF communication equip-
ment comprising an antenna device such as the one above
introduced. Such a RF communication equipment may be a
mobile phone, a wireless portable device, a RFID device, or a
NFC device, for instance.

BRIEF DESCRIPTION OF DRAWINGS

Other features and advantages of the invention will become
apparent on examining the detailed specifications hereafter
and the appended drawings, wherein:

FIG. 1 schematically illustrates a first example of antenna
device according to the invention, in a cross section view,

FIG. 2 schematically illustrates a first example of slot
antenna element intended for the first example of antenna
device shown in FIG. 1,

FIG. 3 schematically illustrates a second example of patch
antenna element intended for a second example of antenna
device according to the invention,

FIG. 4 schematically illustrates, in a front side plane view,
a second example of antenna device according to the inven-
tion, comprising a patch element such as the one illustrated in
FIG. 3.

The appended drawings may not only serve to complete the
invention, but also to contribute to its definition, if need be.

MODES FOR CARRYING OUT THE INVENTION

Reference is initially made to FIG. 1 to introduce the main
characteristics of an antenna device AD according to the
invention.

In the following description it will be considered that the
antenna device AD is intended to be part of a RF communi-
cation equipment, such as a mobile phone, for instance. But it
is important to notice that the invention is not limited to this
type of RF communication equipment.

Indeed the invention may apply to any RF communication
equipment or module, mobile or not, adapted to receive and/
or transmit RF signals to and/or from mobile (or cellular)
and/or WLAN and/or broadcast and/or positioning networks
and/or radars and/or RFID systems. So it could be also a
personal digital assistant (PDA), a laptop, a satellite position-
ing device (for instance a GPS one), a dongle, a television
receiver, a microwave receiver for radars (avoidance collision
car radars, for instance), a RFID device, or a NFC device.

The invention may be notably used in consumer equip-
ments (or modules) and more especially in wireless equip-
ments (or modules). Moreover, the invention may be provided
in a dongle, for instance of the USB type, intended for adding
functionality to personal computers or any other devices with
USB connectors.

As illustrated in FIG. 1 an antenna device AD according to
the invention comprises at least a substrate S, a planar antenna
element AE, at least one group of at least one component G1
and a low resistivity layer BL.

The substrate S comprises a front side FS and a back side
BS opposite to the front side FS. This substrate S has prefer-
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4

ably a high resistivity. So, it may be made of silicon or another
semi-insulating substrate like a II1/V material, for instance.

The planar antenna element AE is fixed to the substrate
back side BS. By “fixed to” one means here either attached to
the substrate back side BS or defined (or integrated or else
patterned) into or on top of the substrate back side BS.

As itis illustrated in FIG. 2, the planar antenna element AE
may be a slot antenna element comprising at least one slot SL..
In the illustrated example the shape of the slot SL is rectan-
gular. But this is not mandatory. Indeed, the slot SL. may be
straight or folded (for instance it may have a L. shape). More-
over, more than one slot S may be defined into the antenna
element AE, for instance in order to increase the working
bandwidth.

In this case, the antenna element AE comprises first P1 and
second P2 parts defining two opposite sides of the slot SL. and
respectively connected to first T1 and second T2 terminals.
These first T1 and second T2 terminals define ports which are
respectively coupled to the group of components G1 and to
the low resistivity layer BL through first VH1 and second
VH2 connecting means, such as via holes (or vias), passing
through the substrate S. The first via hole VHI1 is arranged in
order either to transmit the signals received by the antenna
element AE to the group of components G1 for processing
purpose, or to transmit the signals output by the group of
components G1 to the antenna element AE for radiating pur-
pose. The second via hole VH2 is arranged in order to couple
the antenna element AE to the ground to which is intended to
be connected the low resistivity layer BL.

In a first variant, the antenna element can also be a simple
transmission line, with or without meander, acting as a radi-
ating antenna element.

In a second variant, the planar antenna element AE may be
apatch antenna element, such as the one illustrated in FIG. 3.
In this case, the antenna element AE comprises only one
terminal T defining a port which is coupled to the group of
components G1 through a connecting means VH1, such as via
hole (or vias), passing through the substrate S. This via hole
VH1 is then arranged in order either to transmit the signals
received by the antenna element AE to the group of compo-
nents G1 for processing purpose, or to transmit the signals
generated by the group of components G1 to the antenna
element AE for radiating purpose. The antenna element AE is
capacitively coupled to ground through the low resistivity
layer BL.

The group of component(s) G1 is fixed to the substrate
front side FS in an area which is located under the antenna
element AE. By “fixed to” one means here either attached
directly or indirectly to the substrate front side FS or defined
(or integrated or else patterned) into or on top of the substrate
front side FS.

In the example illustrated in FIG. 1, the group of compo-
nent(s) G1is integrated (i.e. defined) into the substrate S at the
level of its front side FS. This group G1 is electrically con-
nected to the first via hole VH1 (itself connected to the
antenna element AE). In this example other components IC1
have also been integrated into the substrate S in order to carry
out some chosen functionalities. For instance, these compo-
nents may be simple metallisation(s) intended for connecting
the group (G1 to one or several contact(s) for external connec-
tion purpose.

For instance, the group of component(s) G1 defines a low
loss matching filter. Such a filter may be constituted by LC
lumped elements arranged to match the output impedance of
the antenna element (when it works as a signal receiver) to the
input of an active low noise receiver (or down converter) G2,
for instance. So and as illustrated, the group of component(s)
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(1 is electrically coupled to the active low noise receiver (or
down converter) G2. For instance, the matching filter G1
presents a loss smaller than 3 dB.

In a variant, the group of component(s) G1 may define
at least a part of one or more (integrated) decoupling capaci-
tor(s) intended for implementing supply decoupling func-
tions.

In another variant, the group of component(s) G1 may
define a low loss matching filter and one or more (integrated)
decoupling capacitor(s).

The active low noise receiver (or down converter) G2 com-
prises a low noise amplifier (LNA), a mixer intended to
receive a local oscillator signal and a filter. For instance, the
active low noise receiver (or down converter) G2 offers a gain
equal to 15 dB, a noise factor smaller than 6 dB, and down
converts the high frequency signals (received by the antenna
element AE) into intermediate frequency (IF) signals (for
instance zero IF, or few MHz IF, or else few GHz IF).

In the example illustrated in FIG. 1, the active low noise
receiver (or down converter) G2 is defined (or integrated) into
a die DI, which is fixed (i.e. attached) to the substrate front
side FS through connecting means such as soldered conduc-
tive bumps (or micro-balls) MB, and is electrically coupled to
the group of components G1, possibly through at least one
conductive bump MB.

For instance, the die is made of silicon or III/V substrate.

It is important to notice that in a variant of embodiment at
least one component of the group G1 may define the active
low noise receiver (or down converter) described above.
Moreover, this active low noise receiver (or down converter)
may be connected to one or several other components of the
group G1 defining the low loss matching filter described
above and/or a part of at least one decoupling capacitor, for
instance. In this case the group G1 can be defined into a die
which is attached to the substrate front side FS in an area
which is located below the low resistivity layer BL.

The low resistivity layer BL is buried into the substrate S
and intended to be connected to ground to define a ground
plane capable of electromagnetically isolating at least the
group of components G1 (and possibly one (or more) other
active or passive component(s), such as the active low noise
receiver (or down converter) G2, for instance) from the elec-
tromagnetic disturbances induced by the antenna element
AE.

For instance, the buried layer BL. is made of doped silicon.
It can be realised by means of a silicon passive integration
process (or more generally a silicon integrated circuit pro-
cess).

The buried layer BL can be used to form at least a part of at
least one component of the group of component(s) G1. For
instance, the buried layer BL. may define one grounded
(lower) electrode of a decoupling capacitor whose associated
(upper) electrode is defined by one component of the group
G1.

In order to optimize the electromagnetic isolation of the
components (G1, G2) that are fixed to the substrate front side
FS, the buried layer BL. extends over a surface which is at least
equal to (and preferably greater than) the surface occupied by
the antenna element AE, while in the same time the antenna
element AE is fully located over the buried layer BL. The
components (G1, G2) being located under the antenna ele-
ment AE, the buried layer BL acts as an electromagnetic
screen for these components (G1, G2).

Moreover, the buried layer Bl may be arranged to act as a
reflector for the antenna element AE, especially when it is a
patch antenna element such as the one illustrated in FIG. 3.
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More, as illustrated in FIG. 1 the buried layer BL comprises
at least an opening (or hole) HO in order to allow the crossing
of'the via hole VH1 connecting the antenna element AE to the
group of component(s) G1.

As illustrated in FIG. 4, several connection pads CPi (here
i=1 to 7) may be defined onto the substrate front side FS.
Some of these connection pads (CP1-CP5) are connected to
the components G1 and G2 through conducting tracks CT,
some others (CP6, CP7) are directly connected to a via hole
which is connected to the buried layer BL.. These connection
pads CPi are intended to be connected to terminals of a
printed circuit board PCB, for instance.

For instance, connection pad CP1 is intended to be con-
nected to a supply terminal in order to (power) supply the
active low noise receiver (or down converter) G2, connection
pad CP2 is intended to be connected to an input terminal to
feed it with IF signals down converted by the active low noise
receiver (or down converter) G2, connection pad CP3 is
intended to be connected to a terminal outputting the local
oscillator signal used by the mixer of the active low noise
receiver (or down converter) G2, and CP4 to CP7 are intended
to be connected to ground terminals in order to provide a
ground respectively for the active low noise receiver (or down
converter) G2, the low loss matching filter G1 and the buried
layer BL (two times). The electrical connection between the
active low noise receiver (or down converter) G2 and the
conducting tracks CT, connected to the connection pad CP1
to CP4 and to the low loss matching filter G1, is performed
through the micro-balls MB.

With such an example of arrangement, the antenna element
AE receives high frequency radio signals and transmits them
to the low loss matching filter G1 through the via hole VHI.
Then the low loss matching filter G1 transmits the received
signals to the active low noise receiver (or down converter)
(G2 which down converts them into intermediate frequency
signals and transmits them to the connection pads CP2
(through a micro-ball MB and the associated conducting
track CT) in order they could be process into the PCB.

It is important to notice that the invention is not limited to
this example of arrangement adapted to signal reception. For
instance, it may be used also for transmission applications,
notably.

For instance, if the antenna device AD is intended for
working at 24 5 GHz (which corresponds to a quarter wave-
length approximately equal to 5 mm), one can use:

a silicon substrate S with a length approximately equal to 6
mm, a width approximately equal to 6 mm, a thickness
approximately equal to 350 um and a permittivity (er)
equal to 11,

a doped silicon buried layer BL. with a length approxi-
mately equal to 5.8 mm, a width approximately equal to
5.8 mm, a thickness comprised between 1 and 5 pm, and
more preferably between 1 and 2 um,

a patch antenna element AE having a length approximately
equal to 5 mm, or a slot antenna element AE having a
length approximately equal to 5 mm, or a transmission
line which acts as an antenna element, and

alow loss matching (L.C) filter G1 connected to a low noise
receiver (or down converter) G2 defined onto an active
die with a length approximately equal to 1 mm and a
width approximately equal to 1 mm.

As the antenna element and components, which define one
ormore electronic complex function(s), can be integrated into
a same carrier (or more precisely on the back and front sides
of'the substrate), it is now possible to produce antenna devices
in the form of System in Package (SiP).
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Moreover, as the size of the antenna device according to the
invention mainly depends on the application frequency, this
antenna device is well fitted to microwave and millimeter
wave applications and may further comprise miniaturized
sensors because such sensors can work without being elec-
tromagnetically disturbed by the antenna element.

The invention is not limited to the embodiments of antenna
device and RF communication equipment (or module)
described above, only as examples, but it encompasses all
alternative embodiments which may be considered by one
skilled in the art within the scope of the claims hereafter.

Thus, in the preceding description it has been described an
example of embodiment of an antenna device according to the
invention in which the group of component(s) (G1) defines at
least a low loss matching filter and the additional active com-
ponent (G2) defines at least an active low noise receiver. But,
generally speaking, at least one component of the group (G1)
or a possible additional active component (G2) may define a
radio communication component, such as an active low noise
receiver (or down converter), or a transmitter, or else a trans-
ceiver, for instance.

In the present specification and claims the word “a” or “an”
preceding an element does not exclude the presence of a
plurality of such elements. Further, the word “comprising”
does not exclude the presence of other elements or steps than
those listed.

The inclusion of reference signs in parentheses in the
claims is intended to aid understanding and is not intended to
be limiting.

The invention claimed is:

1. An antenna device for a RF communication equipment,
comprising a substrate comprising front and back sides, a
planar antenna element and a group of at least one component
connected to said antenna element, characterised in that said
planar antenna element is fixed to said substrate back side, in
that said group of at least one component is fixed to said
substrate front side, in an area located under said antenna
element, and connected to said antenna element through at
least a first connecting means passing through said substrate,
and in that it comprises a low resistivity layer buried into said
substrate for connecting to ground to isolate at least said
group of component(s) from electromagnetic disturbances
induced by said antenna element, wherein said antenna ele-
ment is a slot antenna element comprising at least one slotand
having first and second terminals respectively connected to
said group of at least one component and to said buried layer
through said first connecting means and a second connecting
means passing through said substrate.

2. Antenna device according to claim 1, wherein said bur-
ied layer extends over a surface which is at least equal to the
surface occupied by said antenna element, and in that said
antenna element is fully located over said buried layer.

3. Antenna device according to claim 1, wherein said bur-
ied layer is arranged in order to act as a reflector for said
antenna element.
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4. Antenna device according to claim 1, wherein said bur-
ied layer is part of at least one component of said group.

5. Antenna device according to claim 1, further comprising
at least one additional active component fixed to said sub-
strate front side and electrically connected to at least one
component of said group.

6. Antenna device according to claim 5, wherein said addi-
tional active component is a radio communication compo-
nent.

7. Antenna device according to claim 1, wherein at least
one component of said group defines a radio communication
component.

8. Antenna device according to claim 1, wherein said radio
communication component is an active low noise receiver.

9. Antenna device according to claim 1, wherein said radio
communication component is a transmitter.

10. Antenna device according to claim 1, wherein said
radio communication component is a transceiver.

11. Antenna device according to claim 1, further compris-
ing connection pads (CP1i) fixed to said substrate front side,
electrically connected to said buried layer and to at least one
component of said group and/or to at least one of said active
components and intended to be connected to a printed circuit
board of said RF communication equipment.

12. Antenna device according claim 1, wherein said sub-
strate is a high resistivity substrate.

13. Antenna device according to claim 12, wherein said
substrate is made of material chosen in a group comprising at
least silicon and semi insulating I1I/V materials.

14. Antenna device according to claim 1, wherein said
buried layer is made of doped silicon.

15. Antenna device according to claim 1, wherein said
buried layer is realized by means of a passive integration
process.

16. RF communication equipment, comprising an antenna
device according to claim 1.

17. An antenna device for a RF communication equipment,
comprising a substrate comprising front and back sides, a
planar antenna element and a group of at least one component
connected to said antenna element wherein at least one com-
ponent of said group defines a low loss matching filter
arranged to match an output impedance of said antenna ele-
ment to an input of said active low noise receiver and/or at
least one component of said group defines at least a part of at
least one decoupling capacitor, characterised in that said pla-
nar antenna element is fixed to said substrate back side, in that
said group of at least one component is fixed to said substrate
front side, in an area located under said antenna element, and
connected to said antenna element through at least a first
connecting means passing through said substrate, and in that
it comprises a low resistivity layer buried into said substrate
for connecting to ground to isolate at least said group of
component(s) from electromagnetic disturbances induced by
said antenna element.
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DUAL POLARIZED ANTENNA

TECHNICAL FIELD OF THE DISCLOSURE

This disclosure relates generally to antennas, and more
particularly, to a dual polarized antenna for generating dual
polarized electro-magnetic signals.

BACKGROUND OF THE DISCLOSURE

Wireless communication, ranging, detection, and direction
finding may be provided by transmission and reception of
electro-magnetic signals at various frequencies throughout
the radio-frequency (RF) spectrum. Electro-magnetic radia-
tion may have characteristics that may enable selectivity of
electro-magnetic signals based upon their polarization. To
control the sense of polarization, dual polarized antennas
have been developed. These dual polarized antennas gener-
ally include two electro-magnetic radiators that are oriented
orthogonally relative to one another such that the antenna
may transmit or receive microwave frequencies at virtually
any polarization sense.

SUMMARY OF THE DISCLOSURE

In one embodiment according to the teachings of the
present disclosure, an antenna generally includes a first, sec-
ond, and third elements. The first and second elements form a
first electro-magnetic radiator that is operable to transmit or
receive a first signal having a first sense of polarization. The
first and third elements form a second electro-magnetic radia-
tor that is operable to transmit or receive a second signal
having a second sense of polarization that is different than the
first sense of polarization.

According to another embodiment, an antenna generally
includes a first, second, third, and fourth elements that are
disposed at oblique angles relative to one another around a
boresight axis. The first and second elements are operable to
transmit or receive a first signal having a first sense of polar-
ization. The third and fourth elements are operable to transmit
or receive a second signal having a second sense of polariza-
tion that is different than the first sense of polarization.

Some embodiments of the disclosure provide numerous
technical advantages. A technical advantage of one embodi-
ment of the present disclosure may include less physical
structure for a given bandwidth of operation. Known dual
polarized notch antennas may use four elements. The dual
polarized antenna according to the teachings of the present
disclosure may provide similar performance to, yet having
less physical structure than these known dual polarized
antenna designs by elimination of one of the four elements.
The physical orientation of the three elements may also pro-
vide relatively good equalization of the electric (E) and mag-
netic (H) beamwidths of the electro-magnetic signal in some
embodiments.

While specific advantages have been enumerated above,
various embodiments may include all, some, or none of the
enumerated advantages. Additionally, other technical advan-
tages may become readily apparent to one of ordinary skill in
the art after review of the following figures and description.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of embodiments of the
disclosure will be apparent from the detailed description
taken in conjunction with the accompanying drawings in
which:
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FIG. 1 is a perspective view of one embodiment of a dual
polarized antenna according to the teachings of the present
disclosure;

FIG. 2 is a plan view of the dual polarized antenna of FIG.
1 as seen from its boresight axis;

FIG. 3A is a graph showing a gain plot from an electro-
magnetic model simulation that was performed on the
embodiment of FIG. 1;

FIG. 3B is a graph showing a voltage standing wave ratio
plot from an electro-magnetic model simulation that was
performed on the embodiment of FIG. 1;

FIG. 4A is a graph showing a polarization axial ratio plot of
a simulation that was performed on the embodiment of FIG.
1; and

FIG. 4B is a graph showing a polarization tilt plot of a
simulation that was performed on the embodiment of FIG. 1;
and

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS OF THE DISCLOSURE

A flared notch radiator is a common type electro-magnetic
radiator used in the construction of dual polarized antennas.
The flared notch antenna generally incorporates two oppos-
ing elements separated by a gap that flares or widens along its
boresight axis. When energized by an electrical signal, the
progressively increasing gap causes the electrical signal to be
emitted as electro-magnetic radiation along the boresight
axis. Known dual polarized antennas implemented with
flared notch radiators generally include four elements com-
prising two elements for each of the two flared notch radia-
tors. Although dual polarized antennas implemented with
flared notch radiators do provide selective polarization, they
are difficult to implement with a combination of relatively
small physical structure.

FIG. 1 shows one embodiment of a dual polarized antenna
10 according to the teachings of the present disclosure that
may provide a solution to this problem as well as other prob-
lems. Dual polarized antenna 10 generally includes three
elements 12a, 126, and 12¢ that are held in fixed physical
relation to each other with a Y-shaped structure 14. Element
12a and element 125 form a first flared notch radiator that is
operable to transmit or receive a first electro-magnetic signal.
Element 12a and element 12¢ form another flared notch
radiator that is operable to transmit or receive another electro-
magnetic signal with a sense of polarization that is different
than the sense of polarization of the first electro-magnetic
signal.

Dual polarized antenna 10 may provide dual polarized
electro-magnetic signals with essentially three elements 12a,
125, and 12¢. Certain embodiments may provide an advan-
tage over other known dual polarized antennas in that the
relatively fewer quantity of elements may serve to reduce the
overall physical structure of the dual polarized antenna 10.
This reduction in overall physical structure may also enable
each the elements 12a, 125, and 12¢ to be relatively larger
while maintaining comparable characteristics of other known
four element flared notch antenna designs. For example, dual
polarized antenna 10 may have a bandwidth of approximately
2 to 18 Giga-Hertz (GHz) while having an overall physical
structure that is less than other known flared notch antennas
having similar characteristics.

Dual polarized antenna 10 may also provide improved
equalization of electric (E) plane beamwidth and magnetic
(H) plane beamwidth in some embodiments. Known flared
notch radiator designs typically produce electro-magnetic
signals having a magnetic plane beamwidth that is relatively
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larger than its corresponding electric plane beamwidth. The
dual polarized antenna 10 however, may provide enhanced
the beamwidth symmetry of resulting electric plane beam-
widths and magnetic plane beamwidths produced and/or may
have improved operating efficiency in some embodiments.

Each of the elements 12a, 125, and 12¢ may be aligned
along a common boresight axis 16. The boresight axis 16
generally refers to a central axis from which electro-magnetic
signals may be emitted by dual polarized antenna 10. By
aligning elements 12a, 125, and 12¢ along a common bore-
sight axis 16, transmitted or received electro-magnetic sig-
nals may be combined at various phases and/or amplitudes
relative to one another to form a resulting electro-magnetic
signal having any desired polarization.

In one aspect of the present disclosure, elements 12a and
125 forming the first flared notch radiator are disposed at an
oblique angle relative to one another around the boresight
axis 16 and elements 12a and 12¢ forming the second flared
notch radiator are disposed at another oblique angle relative
to one another around the boresight axis 16. In this manner,
electro-magnetic signals emanating from the first and second
flared notch radiators may have a sense of polarization that
are oblique to each other. This angular relationship may
enable combining of electro-magnetic signals with differing
phases and/or amplitudes from both flared notch radiators in
order to form a single resultant electro-magnetic signal hav-
ing any desired polarization. In the particular embodiment
shown, the first and second flared notch radiators are imple-
mented with a common element 12a; it should be appreciated,
however, that first and second flared notch radiators may each
have individual elements 12 that are electrically and/or mag-
netically isolated from each other.

In one embodiment, absorptive gloves 18 may be provided
on the outer portion of each of the element 124, 1256, and 12c¢.
Absorptive gloves 18 may be configured to enhance an
impedance match of the elements 124, 125, and 12¢ over the
frequency range of operation. Absorptive gloves may be
formed of any suitable material that absorbs electro-magnetic
radiation. This absorptive material may include small frag-
ments of ferrous-based compounds that are capable of
absorbing electric and/or magnetic energy.

FIG. 2 is a plan view of the dual polarized antenna 10 of
FIG. 1 as seen from its boresight axis 16. In this particular
embodiment, elements 12a, 125, and 12¢ are each disposed
approximately 120 degrees apart around the boresight axis
16. It should be understood, however, that various angular
configurations of elements 12 around boresight axis 16 may
be implemented. A pair of transmission lines 24 may be
provided for coupling of the elements 12a, 125, and 12¢ to an
external source. In one embodiment, the pair of transmission
lines 24 may each be disposed in a cavity 22 in element 12a.
The flared notch radiator formed by elements 12a and 125
may be coupled to one transmission line 24 and flared notch
radiator formed by elements 12a and 12¢ may be coupled to
the other transmission line 24. In one embodiment, transmis-
sion lines 24 are coaxial cables.

Dual polarized antenna 10 may be independently driven by
each of the transmission lines 24 to produce a resultant elec-
tro-magnetic signal having any desired polarization. In one
embodiment, one transmission line 24 may be driven with a
signal having a particular phase and amplitude relative to the
other transmission line 24 such that the resultant electro-
magnetic polarization produced by each is orthogonal to one
another. That is, the sense of polarization of an electro-mag-
netic signal produced by elements 12¢ and 126 may be
orthogonal to the sense of polarization of an electro-magnetic
signal produced by elements 124 and 12¢.
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FIGS. 3A and 3B are graphs showing a relative gain plot 28
and a voltage standing wave ratio (VSWR) plot 28, respec-
tively, of computer simulations that were performed on the
dual polarized antenna 10 according to the teachings of the
present disclosure. The particular gain plot 26 and voltage
standing wave ratio plot 28 were generated by executable
software, such as CST Microwave Studio™, available from
Computer Simulation Technology (CST) GmbH, located in
Darmstadt, Germany. As can be seen, the dual polarized
antenna 10 may have a relatively flat gain and a relatively low
voltage standing wave ratio characteristics when operating at
a frequency range from 2 to 18 Giga-Hertz.

FIGS. 4A and 4B are graphs showing a polarization axial
ratio plot 30 and a polarization tilt plot 32, respectively, of
computer simulations performed on the dual polarized
antenna 10. As can be seen, the predicted orthogonality
between the flared notch radiator formed by elements 12a and
125 and flared notch radiator formed by elements 12a and 12¢
may be relatively good.

A dual polarized antenna 10 has been described that may
provide relatively good orthogonality with a relatively
smaller physical structure than other known flared notch
antenna designs. In one embodiment, these features may be
provided by elements 12 that are disposed at oblique angles
relative to one another around its boresight axis 16. In another
embodiment, these feature may be provided by essentially
three elements 12 in which one of the elements 12a may serve
as a common element for the other two elements 12 and 12¢.
The three elements 12 may be relatively smaller in physical
structure than other known dual polarized antennas having
four elements. Additionally, the physical orientation of the
three elements 12 may also provide relatively good equaliza-
tion of the electric (E) and magnetic (H) beamwidths of the
electro-magnetic signal.

It will be apparent that many modifications and variations
may be made to embodiments of the present disclosure, as set
forth above, without departing substantially from the prin-
ciples of the present disclosure. Therefore, all such modifi-
cations and variations are intended to be included herein
within the scope of the present disclosure, as defined in the
claims that follow.

What is claimed is:

1. An antenna comprising:

a first element and a second element forming a first flared
notch radiator that is operable to transmit or receive a
first signal along a boresight axis having a first sense of
polarization, the first element being approximately 120
degrees apart from the second element around the bore-
sight axis; and

a third element and the first element forming a second
flared notch radiator that is operable to transmit or
receive a second signal along the boresight axis having a
second sense of polarization that is orthogonal to the first
sense of polarization, the first element being approxi-
mately 120 degrees apart from the third element around
the boresight axis.

2. The antenna of claim 1, wherein the first electro-mag-
netic radiator and the second electro-magnetic radiator have a
bandwidth that is in the range of 2 to 18 Giga-Hertz.

3. An antenna comprising:

afirst element and a second element, the first element being
approximately 120 degrees apart from the second ele-
ment around a boresight axis, forming a first electro-
magnetic radiator that is operable to transmit or receive
a first signal having a first sense of polarization; and

a third element and the first element, the third element
being approximately 120 degrees apart from the first
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element along the boresight axis, forming a second elec-
tro-magnetic radiator that is operable to transmit or
receive a second signal having a second sense of polar-
ization that is different than the first sense of polariza-
tion;

wherein the first, second and third element include electro-
magnetic absorptive gloves disposed on an outer edge of
each element.

4. The antenna of claim 3, wherein the first electro-mag-
netic radiator and the second electro-magnetic radiator are
flared notch radiators.

5. The antenna of claim 3, wherein the first electro-mag-
netic radiator and the second electro-magnetic radiator have a
bandwidth that is in the range of 2 to 18 Giga-Hertz.

6. The antenna of claim 3, wherein the first element and a
second element are driven by a first transmission line, and the
third element and the first element are driven by a second
transmission line.

7. The antenna of claim 6, wherein the first transmission
line and second transmission line are coaxial cable lines.

8. The antenna of claim 3, wherein the second sense of
polarization is orthogonal to the first sense of polarization.

9. An antenna comprising:

a first element and a second element that are disposed at a
first oblique angle relative to one another around a bore-
sight axis, the first element and the second element form-
ing a first electro-magnetic radiator that is operable to
transmit or receive a first signal having a first sense of
polarization; and

a third element and the first element are disposed at a
second oblique angle relative to one another around the
boresight axis, the third element and the first element
forming a second electro-magnetic radiator that is oper-
able to transmit or receive a second signal having a
second sense of polarization that is different than the first
sense of polarization;

wherein the first, second and third elements further com-
prise electro-magnetic absorptive gloves disposed on an
outer edge of each element.

10. The antenna of claim 9, wherein the first electro-mag-
netic radiator and the second electro-magnetic radiator are
flared notch radiators.

11. The antenna of claim 9, wherein the first electro-mag-
netic radiator and the second electro-magnetic radiator have a
bandwidth that is in the range of 2 to 18 Giga-Hertz.

12. The antenna of claim 9, wherein the first element and a
second element are driven by a first transmission line, and the
third element and the first element are driven by a second
transmission line.

13. The antenna of claim 12, wherein the first transmission
line and second transmission line are coaxial cable lines.

14. The antenna of claim 9, wherein the second sense of
polarization is orthogonal to the first sense of polarization.

15. An antenna comprising:

afirstelement and a second element, the first element being
approximately 120 degrees apart from the second ele-
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ment around a boresight axis, forming a first electro-
magnetic radiator that is operable to transmit or receive
a first signal having a first sense of polarization; and

a third element and the first element, the third element
being approximately 120 degrees apart from the first
element along the boresight axis, forming a second elec-
tro-magnetic radiator that is operable to transmit or
receive a second signal having a second sense of polar-
ization that is different than the first sense of polariza-
tion;

wherein the first electro-magnetic radiator and the second
electro-magnetic radiator are flared notch radiators.

16. The antenna of claim 15, wherein the first electro-
magnetic radiator and the second electro-magnetic radiator
have a bandwidth that is in the range of 2 to 18 Giga-Hertz.

17. The antenna of claim 15, wherein the first element and
a second element are driven by a first transmission line, and
the third element and the first element are driven by a second
transmission line.

18. The antenna of claim 17, wherein the first transmission
line and second transmission line are coaxial cable lines.

19. The antenna of claim 15, wherein the second sense of
polarization is orthogonal to the first sense of polarization.

20. The antenna of claim 15, further comprising electro-
magnetic absorptive gloves disposed on an outer edge of each
of the first element, second element, and the third element.

21. An antenna comprising:

a first element and a second element that are disposed at a
first oblique angle relative to one another around a bore-
sight axis, the first element and the second element form-
ing a first electro-magnetic radiator that is operable to
transmit or receive a first signal having a first sense of
polarization; and

a third element and the first element are disposed at a
second oblique angle relative to one another around the
boresight axis, the third element and the first element
forming a second electro-magnetic radiator that is oper-
able to transmit or receive a second signal having a
second sense of polarization that is different than the first
sense of polarization;

wherein the first electro-magnetic radiator and the second
electro-magnetic radiator are flared notch radiators.

22. The antenna of claim 21, wherein the first electro-
magnetic radiator and the second electro-magnetic radiator
have a bandwidth that is in the range of 2 to 18 Giga-Hertz.

23. The antenna of claim 21, wherein the first element and
a second element are driven by a first transmission line, and
the third element and the first element are driven by a second
transmission line.

24. The antenna of claim 23, wherein the first transmission
line and second transmission line are coaxial cable lines.

25. The antenna of claim 21, wherein the second sense of
polarization is orthogonal to the first sense of polarization.
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1
MULTIBAND ANTENNA DEVICE AND
COMMUNICATION TERMINAL DEVICE

TECHNICAL FIELD

The present invention relates to a multi-band antenna
device mounted in a wireless communication terminal such as
a portable telephone and supporting multiple bands and to a
communication terminal apparatus using the multi-band
antenna device.

BACKGROUND ART

A planar inverted-F antenna (PIFA) type is mainly used in
amulti-band built-in antenna which supports communication
in a plurality of frequency bands using a single wireless
communication terminal (see Japanese Unexamined Utility
Model Registration Application Publication No. 7-14714 and
Japanese Unexamined Patent Application Publication No.
2002-344233).

Furthermore, to achieve a wider bandwidth, antennas
including a parasitic element connected to a ground (GND)
plate have been dominant (see Japanese Unexamined Utility
Model Registration Application Publication No. 62-161410).

DISCLOSURE OF INVENTION

However, although the use of a parasitic element as dis-
closed in Japanese Unexamined Utility Model Registration
Application Publication No. 62-161410 is suitable for a wider
bandwidth, loss in radiation efficiency is large because the
parasitic element is connected to the ground plate.

The present invention has been made in view of such a
situation, and provides a multi-band antenna device in which
a wider bandwidth can be achieved without using a parasitic
element, and a communication terminal apparatus.

A multi-band antenna device according to the present
invention is characterized by including an antenna radiating
plate having a feed point and a GND point, and a ground plate,
wherein the antenna radiating plate is configured such that the
feed point and the GND point are electrically distant from
each other, that at least three antenna elements are formed,
and that at least a major part of the antenna radiating plate
does not face the ground plate.

Since the feed point and the GND point are electrically
distant from each other and at least three antenna elements are
formed, at least three resonance points are generated, which
enables multiple bands. Further, the antenna radiating plate is
configured such that an almost entire portion thereof does not
face the ground plate, whereby the constraint on the thickness
of the antenna device is reduced and the amount of current
flowing in the ground plate is reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing an example structure of
antenna elements in an antenna device according to an
embodiment of the present invention.

FIG. 2 is a perspective view showing a schematic structure
of an antenna device according to an embodiment of the
present invention.

FIG. 3 is a perspective view showing an antenna device
having a structure different from that shown in FIG. 2.

FIG. 4 is a perspective view showing another example
structure of an antenna device in which, similarly to that

20

25

30

35

40

45

50

55

60

65

2

shown in FIG. 3, an antenna radiating plate projects to the
outside of a GND plate with respect to a feed point and a GND
point.

FIG. 5 is a diagram showing an example structure of still
another antenna device similar to the antenna device shown in
FIG. 4 but including an antenna radiating plate having a
different shape.

FIG. 6 includes diagrams showing examples of different
shapes of still other antenna radiating plates having the char-
acteristics shown in FIG. 1.

FIG. 7 is a graph showing a voltage standing wave ratio
(VSWR) versus frequency (Freq.) characteristic of an
antenna device according to an embodiment of the present
invention.

FIG. 8 is a graph showing results of simulation of a current
distribution over a GND plate of the antenna device shown in
FIG. 2 in different frequency bands, (a) 900 MHz, (b) 1800
MHz, and (¢) 2100 MHz.

FIG. 9 is a graph showing results of simulation of a current
distribution over the GND plate of the antenna device shown
in FIG. 4 in different frequency bands, (a) 900 MHz, (b) 1800
MHz, and (¢) 2100 MHz.

FIG. 10 is a block diagram showing a schematic structure
of a communication terminal apparatus according to an
embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

A preferred embodiment of the present invention will be
described in detail hereinafter with reference to the drawings.

FIG. 1 shows an example structure of antenna elements in
an antenna device according to the embodiment. The antenna
device of the present invention is an inverted-F antenna
device which uses, together with a GND plate described
below, a plate-shaped antenna radiating plate 3 having a feed
point 1 and a GND point 2. An antenna structure of the
antenna device has a feature of having at least three seg-
mented antenna elements 14a, 145, and 14c¢. Thus, the
antenna device is provided with a slit 15 formed between the
feed point 1 and the GND point 2, and a slit 16 by which the
antenna elements 145 and 14¢ are separated. In particular, the
slit 15 serves to make the feed point and the GND point
electrically distant from each other. A resonance frequency is
adjustable by the length of each antenna element. The antenna
elements may be composed of sheet metal or may be formed
of a flexible substrate.

With the structure shown in FIG. 1, as shown in a graph of
FIG. 7 showing a voltage standing wave ratio (VSWR) versus
frequency (Freq.) characteristic, three resonance points I, II,
and I1I are obtained. Therefore, an antenna device supporting
different frequency bands (GSM (Global System for Mobile
Communications) 850 or 900, GSM 1800/1900/UMTS (Uni-
versal Mobile Telecommunications System) is achieved.

FIG. 2 is a perspective view showing a schematic structure
of the antenna device according to the embodiment. An
antenna radiating plate 3 of the antenna device has a different
shape from that shown in FIG. 1 but is common to the antenna
radiating plate 3 shown in FIG. 1 in that it includes at least
three segmented antenna elements 14a, 145, and 14¢. The
antenna radiating plate 3 is connected to a GND plate 4
(conductor side of a substrate of a terminal) via a feed point 1
and a GND point 2.

FIG. 3 shows an antenna device having a structure different
from that shown in FIG. 2. An antenna radiating plate 3 of the
antenna device has a different shape from the antenna radiat-
ing plate shown in FIG. 2 but is common to the antenna
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radiating plate 3 shown in FIG. 1 in that it includes at least
three segmented antenna elements 14a, 145, and 14¢. The
difference between the antenna device shown in FIG. 3 and
the antenna device shown in FIG. 2 is as follows. In the
structure shown in FIG. 2, the antenna radiating plate 3
projects to the inside of the GND plate 4 with respect to the
feed point 1 and the GND point 2. In the structure shown in
FIG. 3, on the other hand, the antenna radiating plate 3
projects outwardly to the outside. In addition, the antenna
radiating plate 3 projects to the outside so that at least a major
part of the antenna radiating plate 3 does not face the ground
plate 4. That is, no portion of the GND plate 4 corresponds to
at least a main portion of the antenna radiating plate 3. In the
structure shown in FIG. 2, due to antenna characteristics, a
height h1 of the antenna radiating plate 3, measured from the
GND plate 4, needs to have a predetermined value. In the
structure shown in FIG. 3, however, a height h2 measured
from a position equivalent to the GND plate 4 to the antenna
radiating plate 3 may be small (that is, h1>h2). In the extreme
case, the antenna radiating plate 3 may be positioned at the
same height as the GND plate 4 (that is, h2=0). This means
that the constraint on the thickness of a housing of a terminal,
which arises due to the existence of an antenna device, is
released. Note that, in FIG. 3, a leading end portion of the
antenna element 14aq is bent at a right angle. This reduces the
amount of projection of the antenna radiating plate 3. How-
ever, this bending is not essential to the present invention.

FIG. 4 shows another example structure of an antenna
device in which, similarly to that shown in FIG. 3, an antenna
radiating plate 3 projects to the outside of a GND plate 4 with
respect to a feed point 1 and a GND point 2. The antenna
radiating plate 3 has a different shape from any of the above-
described antenna radiating plates but is common to the
antenna radiating plate 3 shown in FIG. 1 in that it includes at
least three segmented antenna elements 144, 145, and 14¢. In
the example shown in FIG. 4, similarly to that shown in FIG.
3, a height h2 measured to the antenna radiating plate 3 may
be small, and the constraint on the thickness of a housing of a
terminal, which arises due to the existence of an antenna
device, is released.

FIG. 5 shows an example structure of still another antenna
device similar to the antenna device shown in FIG. 4 but
including an antenna radiating plate 3 having a different
shape.

FIG. 6 shows examples of different shapes of still other
antenna radiating plates having the characteristics shown in
FIG. 1. Any of the antenna radiating plates includes at least
three segmented antenna elements 14a, 145, and 14c.

FIG. 8 shows results of simulation of a current distribution
over the GND plate of the antenna device shown in FIG. 2 in
different frequency bands, (a) 900 MHz, (b) 1800 MHz, and
(¢) 2100 MHz. As can be seen from FIG. 8, it is found that the
current distribution over the GND plate is different depending
on the frequency band.

FIG. 9 shows results of simulation of a current distribution
over the GND plate of the antenna device shown in FIG. 4 in
different frequency bands, (a) 900 MHz, (b) 1800 MHz, and
(c) 2100 MHz. As can also be seen from FIG. 9, the current
distribution over the GND plate is different depending on the
frequency band. It is also found that the amount of current
flowing over the GND plate is significantly smaller than that
in the results shown in FIG. 8. This may result from a structure
in which, like an antenna device such as that shown in FIG. 4,
there is no GND plate facing the antenna radiating plate 3.
Such a structure, therefore, is advantageous in that, when
compared with the structure shown in FIG. 2, there is less
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effect on the current flowing in the GND plate even if a user
holds the terminal with their hand, that is, the so-called hand
effect can be reduced.

Advantages of the embodiment are summarized as follows.
1. With the use of an antenna discharging plate having the
features shown in FIG. 1 for an inverted-F antenna, a large
number of resonance points are generated without using a
parasitic element, and a wider bandwidth in a high-frequency
band (1.7/2.2 GHz) of a portable telephone is achieved.

In other words, multi-band characteristics can be obtained.
For example, the following combinations are conceivable:

GSM 850/1800/1900

GSM 900/1800/1900

GSM 850/1800/1900/UMTS

GSM 900/1800/1900/UMTS

GSM 850/900/1800/1900

GSM 850/900/1800/1900/UMTS, etc.

2. Since no parasitic element is used, loss in radiation effi-
ciency is low. In other words, improvement in performance
can be realized.

3. It is not necessary to use a contact pin for a parasitic
element. Thus, reduction in cost is realized.

4. The antenna device can be operated even if no GND plate
is disposed below a radiating plate. Thus, antenna size can be
reduced.

5. Since a resonance frequency is adjustable by the length of
an antenna element, it is easy to design the antenna device.
6. With the use of a flexible substrate as an antenna element,
the antenna device can be easily produced by designing and
manufacturing.

7. The antenna device is applicable to various shapes of por-
table terminals such as a bar-shaped terminal and a foldable
terminal.

FIG. 10 shows a schematic structure of a communication
terminal apparatus 100 which uses the antenna device accord-
ing to the embodiment. A portable telephone terminal is
shown by way of example, but not limitation. The communi-
cation terminal apparatus 100 includes an antenna device 101
having any of the structures described above, an antenna
duplexer 102 for sharing the antenna device 101 between
transmission and reception, a transmission/reception pro-
cessing unit 103, a modulation/demodulation processing unit
105, a data processing unit 107, a D/A converter 109, a
speaker 110, an A/D converter 111, and a microphone 112.
The communication terminal apparatus 100 further includes a
controlunit 125 including a CPU, a ROM, etc., for controlling
those components, a memory 127 used as a work area or a
temporary storage area by the control unit 125, a display unit
120, and an operation unit 123. A read-only memory or an
electrically data writable and erasable read-only memory
(EEPROM) is used in the ROM of the control unit 125, and a
control programs for various operations of a standard com-
munication terminal apparatus, such as reception of operation
inputs, communication, electronic mail processing, web pro-
cessing, display, audio input/output, address-book manage-
ment, and schedule management, and static data are stored.

While a preferred embodiment of the present invention has
been described, various modifications and variations other
than those described above may be made.

According to a multi-band antenna device of the present
invention, since no parasitic element is used, loss in radiation
efficiency is low, and improvement in antenna performance
can be realized. Moreover, it is not necessary to use a contact
pin for a parasitic element, and reduction in cost of the appa-
ratus can be realized.
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Furthermore, with the adoption of a structure in which at
least a major part of the antenna radiating plate does not face
the ground plate, the size (thickness) of the antenna device is
reduced, which thus contributes to reduction in the thickness
of'a communication terminal apparatus including the antenna
device incorporated therein. In addition, the amount of cur-
rent flowing in the ground plate is small, and the so-called
hand effect can be reduced.

The invention claimed is:

1. An inverted f-type multi-band antenna device compris-
ing:
an antenna radiating plate having a feed point and a GND
point, and
a ground plate, wherein

the antenna radiating plate is configured such that the feed
point and the GND point are electrically distant from
each other, that at least three antenna elements are
formed, and the antenna radiating plate projects through
the outside of the ground plate with respect to the feed
point and the GND point so that at least a major part of
the antenna radiating plate does not face the ground
plate, and

at least three resonance points that support communica-
tions in at least three communications bands are gener-
ated in correspondence with the at least three antenna
elements.

2. The multi-band antenna device according to claim 1,
characterized in that a slit is formed between the feed point
and GND point of the antenna radiating plate.
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3. A communication terminal apparatus characterized by

comprising an inverted f-type multi-band antenna device,

the multi-band antenna device including an antenna radi-
ating plate having a feed point and a GND point, and a
ground plate, wherein

the antenna radiating plate is configured such that the feed
point and the GND point are electrically distant from
each other, that at least three antenna elements are
formed, and the antenna radiating plate projects through
the outside of the ground plate with respect to the feed
point and the GND point so that at least a major part of
the antenna radiating plate does not face the ground
plate, and

at least three resonance points that support communica-
tions in at least three communications bands are gener-
ated in correspondence with the at least three antenna
elements.

4. An inverted f-type multi-band antenna comprising:

a ground plate; and

an antenna radiating plate having a feed point and a ground
point, the antenna radiating plate projecting through the
outside of the ground plate with respect to the feed point
and the ground point so that a major part of the antenna
radiating plate does not face the ground plate, wherein
the antenna radiating plate includes at least three
antenna elements, and

the feed point and the ground point of the antenna radiating
plate being are electrically distant from one another,
wherein at least three resonance points that support com-
munications in at least three communications bands are
generated in correspondence with the at least three
antenna elements.
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(57) ABSTRACT

A protective circuit module including a layered insulating
substrate, a printed circuit pattern disposed within the insu-
lating substrate, and a loop antenna electrically connected to
the printed circuit pattern. Ends of the loop antenna can be
inserted into the insulating substrate and connected to the
printed circuit pattern. Portions of the printed circuit pattern
may extend out of the insulating substrate, and may be con-
nected to the loop antenna. The protective circuit module can
be included in a secondary battery pack comprising a second-
ary battery. The loop antenna can be adhered to the secondary
battery.
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1
PROTECTIVE CIRCUIT MODULE AND
SECONDARY BATTERY PACK INCLUDING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Application
No. 2007-109726, filed Oct. 30, 2007, in the Korean Intellec-
tual Property Office, the disclosure of which is incorporated
herein, by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Aspects of the present invention relate to a protective cir-
cuit module and a secondary battery pack including the same.

2. Description of the Related Art

Compact and light-weight mobile electric/electronic
devices, such as cellular phones, notebook computers, and
camcorders are currently being actively developed and pro-
duced. Such mobile electric/electronic devices have a battery
pack mounted therein for portable operation. The battery
pack includes a secondary battery that is capable of being
recharged. Typical secondary batteries include Ni—Cd bat-
teries, Ni-—MH batteries, Li batteries, and Li-ion batteries. A
Li-ion secondary battery has an operation voltage that is three
times higher than that of a Ni—Cd battery or a Ni—MH
battery. Further, a Li-ion secondary battery has a higher
energy density per unit weight.

A secondary battery is electrically connected to a protec-
tive circuit module that controls the charging/discharging of
the secondary battery and cuts of current flow when the sec-
ondary battery is overheated or experiences an over-current.
Further, such a protective circuit module can include a loop
antenna that is soldered thereto, so that it can perform an
RFID function.

At this time, a problem may occur when a secondary bat-
tery that is manufactured with an injection molding material
in a pack shape is soldered to a loop antenna. In particular, the
coupling between the protective circuit module and the loop
antenna can be deficient, which can lead to an increase in
contact resistance.

SUMMARY OF THE INVENTION

An aspect of the present invention is to provide a secondary
battery pack having an improved coupling between a printed
circuit pattern and a loop antenna.

According to aspects of the present invention, a protective
circuit module includes: an insulating substrate; a printed
circuit pattern formed on/in the substrate; and a loop antenna
connected electrically to the printed circuit pattern.

According to aspects of the present invention, provided is
a protective circuit module including: a printed circuit pat-
tern; a charging/discharging terminal mounted on the insulat-
ing substrate and electrically connected to the printed circuit
pattern; a protection circuit part mounted on the insulating
substrate and electrically connected to the printed circuit
pattern; and a loop antenna electrically connected to the
printed circuit pattern.

According to aspects of the present invention, provided is
a secondary battery pack, comprising: the protective circuit
module; a secondary battery electrically connected to a charg-
ing/discharging path of the protective circuit module; and a
coupling member to couple the loop antenna to the secondary
battery.
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According to aspects of the present invention, the second-
ary battery may be a can-type or a pouch-type secondary
battery. The secondary battery may be coupled with the loop
antenna, using an adhesive or a coupling member.

According to aspects of the present invention, the loop
antenna may be coupled to the printed circuit pattern, by
inserting the loop antenna among a plurality of layers formed
on the insulating substrate.

According to aspects of the present invention, the loop
antenna may be coupled to a portion of the printed circuit
pattern that protrudes from the insulating substrate.

According to aspects of the present invention, the loop
antenna may be an RFID antenna. The loop antenna may
include a conductive copper film, or a conductive wire, that is
electrically connected to the printed circuit pattern. The wire
or film may be coated with an insulator. The insulator may be
an insulating film.

According to aspects of the present invention, the loop
antenna may be formed as a continuous loop, which can have
various shapes.

Additional aspects and/or advantages of the invention will
be set forth in part in the description which follows and, in
part, will be obvious from the description, or may be learned
by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the invention
will become apparent and more readily appreciated from the
following description of the exemplary embodiments, taken
in conjunction with the accompanying drawings, of which:

FIG. 1A is a perspective view of a protective circuit mod-
ule, in accordance with one exemplary embodiment of the
present invention;

FIG. 1B is a cross-sectional view taken along line I-I of
FIG. 1A;

FIG. 2A is an exploded perspective view of a protective
circuit module, in accordance with another exemplary
embodiment of the present invention;

FIG. 2B is a perspective view illustrating the protective
circuit module of FIG. 2A, as assembled;

FIG. 3A is an exploded perspective view of a secondary
battery pack, in accordance with still another exemplary
embodiment of the present invention;

FIG. 3B is an exploded perspective view of a secondary
battery of FIG. 3A;

FIG. 4A is an exploded perspective view of a secondary
battery pack, in accordance with still another exemplary
embodiment of the present invention; and

FIG. 4B is an exploded perspective view of the secondary
battery pack of FIG. 4A.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. The
exemplary embodiments are described below, in order to
explainthe aspects of the present invention, by referring to the
figures.

FIG. 1A is a perspective view of a protective circuit module
100, in accordance with an exemplary embodiment of the
present invention. FIG. 1B is a cross-sectional view taken
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along line I-1 of FIG. 1A. Referring to FIGS. 1A and 1B, the
protective circuit module 100 includes an insulating substrate
110 and a loop antenna 130.

The insulating substrate 110 includes a plurality of layers.
As shown in FIG. 1B, the insulating substrate 110 can include
an upper layer 110a, an intermediate layer 1105, and a lower
layer 110c. The insulating substrate 110 may be formed of an
epoxy or Bakelite resin, but is not limited thereto.

A printed circuit pattern 120 can be formed in the interme-
diate layer 1105, or among any of the layers of the insulating
substrate 110. The printed circuit pattern 120 can be formed
of'aconductive material, such as a copper film, or the like. The
printed circuit pattern 120 can also extend to the upper or
lower surface of the insulating substrate 110, in order to
facilitate a connection to an electrical device. The printed
circuit pattern 120 is mounted in the insulating substrate 110,
when the insulating substrate 110 is formed, and is bonded to
the insulating substrate 110 with a strong coupling force, for
example, by heating and pressing upper/lower portions of the
insulating substrate 110.

The loop antenna 130 is electrically connected to the
printed circuit pattern 120. The loop antenna 130 can be
formed of a conductive wire, or a conductive copper film 131,
but is shown as a conductive film in FIG. 1A. The loop
antenna 130 is inserted into the substrate 110, and electrically
connected to the printed circuit pattern 120.

Referring to FIG. 1B, ends 132a of the loop antenna 130
are inserted between the layers 110a, 1105, and 110c of the
insulating substrate 110. The ends 1324 are then electrically
connected to the printed circuit pattern 120. In particular, the
ends 1324 are positioned on the lower layer 110c¢, before the
intermediate layer 1105 and upper layer 110 are stacked
thereon and compressed. That is, the ends 1324 of the loop
antenna can be integrated with the printed circuit pattern 120,
when the layers 110a, 1105, and 110c¢ are pressed together.

The coupling of the loop antenna 130 and the printed
circuit pattern 120 can be strengthened, by disposing the
coupling between the layers 110a, 1105, and 110c¢ of the
insulating substrate 110. Further, since the ends 132« of the
loop antenna 130 are disposed within the insulating substrate
110, interference, due to current flowing on the upper/lower
surfaces of the insulating substrate 110, can be reduced. Fur-
ther, because a soldering process is not used to couple the loop
antenna 130 to a surface of the insulating substrate 110, the
processing time thereof, can be reduced.

The loop antenna 130 may be an RFID antenna. The loop
antenna 130 can be used to transmit an RFID signal to an
external device. The RFID signal may include information
relating to the type, shape, and production date of a mobile
electronic device or a secondary battery. By changing the
impedance of the loop antenna, the magnetic force of'the loop
antenna 130 is changed. Therefore, it is possible to detect the
information, by measuring the changed magnetic force of the
loop antenna 130. However, the present invention is not lim-
ited to the RFID aspects of the loop antenna 130.

The loop antenna 130 can be formed of a conductive wire
(not shown) or conductive copper film 131. The path of the
loop antenna 130 can be arranged in various shapes, so as to
receive an RFID signal. The loop antenna 130 may have a
circular shape, to increase the sensitivity and reduce the size
of the loop antenna 130.

The loop antenna 130 can be coated with an insulator 132.
The insulator 132 can be formed of a polyethylene or polypro-
pylene resin, however, the present invention is not limited
thereto. The insulator 132 may be an insulating film formed
around the conductive wire or conductive copper film 131.
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The insulating film allows the loop antenna 130 to be easily
attached to the surface of an electronic device or battery pack.

FIG. 2A is an exploded perspective view of a protective
circuit module 200, in accordance with another exemplary
embodiment of the present invention. FIG. 2B is a perspective
view of the protective circuit module 200 of FIG. 2A, as
assembled.

Referring to FIGS. 2A and 2B, the protective circuit mod-
ule 200 includes an insulating substrate 110, a printed circuit
pattern 120a, and a loop antenna 130. A detailed description
of'the insulating substrate 110, the printed circuit pattern 120,
and the loop antenna 130 is omitted, since these elements are
similar to those described above.

Portions 120q of the printed circuit pattern 120 extend out
of'the insulating substrate 110. Ends 132a of the loop antenna
130 are electrically connected to the portions 120a. The ends
132a can be coupled to the portions 120a, by soldering,
resistance welding, or ultrasonic welding, for example. The
portions 120a generally extend far enough, so as to overlap
the ends 1324, which can facilitate coupling. The portions
120a can be thicker than other parts of the printed circuit
pattern 120. Therefore, the loop antenna 130 can be strongly
coupled with the printed circuit pattern 120.

FIG. 3A is an exploded perspective view of a secondary
battery pack 300, in accordance with an exemplary embodi-
ment of the present invention. FIG. 3B is an exploded per-
spective view of a secondary battery 320 of FIG. 3A. The
secondary battery 320 is a can-type secondary battery; how-
ever, the present invention is not limited thereto. Referring to
FIGS. 3A-3B, the secondary battery pack 300 includes a
protective circuit module 310, the secondary battery 320, and
a coupling member 330.

The protective circuit module 310 includes an insulating
substrate 311, a printed circuit pattern (not shown), a charg-
ing/discharging terminal 313, a protection circuit part 314,
and a loop antenna 130. The insulating substrate 311 can
include a plurality of layers, as described with reference to
FIG. 1B, and can be formed of an epoxy or Bakelite resin.
However, the present invention is not limited thereto.

The charging/discharging terminal 313 can be formed on
the upper surface of the insulating substrate 311 and can be
electrically connected to the printed circuit pattern. The
charging/discharging terminal 313 can include 3 separate
terminals, as shown in FIG. 3A. Two of the terminals can be
connected to positive and negative electrodes of the second-
ary battery 320, and one of the terminals can be used to detect
information about the battery, such as a battery temperature,
or a charge amount. As such, the charging/discharging termi-
nal 313 can be used to electrically connect the secondary
battery 320 to a charger (not shown) or a mobile electronic
device (not shown).

The protection circuit part 314 can include a passive ele-
ment (not shown), an active element (not shown), and/or a
protection circuit (not shown), and can be electrically sol-
dered to the printed circuit pattern. The passive element may
be a resistor or a condenser, and can be electrically coupled
with the printed circuit pattern, using a coupling method such
as soldering. The passive element can filter signals, buffer
voltage and current, and/or provide resistance information to
the charger or external device.

The active element can be a field effect transistor (MOS-
FET), or a transistor that serves as a switch for an electrical
connection to the external device. The active element can
include a parasitic diode, and a voltage, current, or tempera-
ture sensing element. A power supply element may be used to
supply power to the protection circuit. These elements may be
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in the form of an integrated circuit. A thermal fuse, a thermal
breaker, and/or a PTC safety element may be included in the
protection circuit part 314.

The protection circuit part 312 manages the charging/dis-
charging ofthe secondary battery 320, by detecting the charge
of the secondary battery, or selecting a suitable charging
scheme. The protection circuit part 312 stores information on
voltage, current, temperature, and/or charge of the secondary
battery 320, and transmits this information to an the external
device.

The secondary battery 320 can be coupled with the loop
antenna 130, by the coupling member 330. Further, a positive
electrode and a negative electrode of the secondary battery
320 are electrically connected to the protective circuit module
310, by a positive connector tab 315 and a negative connector
tab 316. The secondary battery 320 may be a lithium ion
battery, or a lithium polymer battery, for example.

As shown in FIG. 3B, the secondary battery 320 includes
an electrode assembly 321 that is inserted into a can 322. The
electrode assembly 321 can be formed by stacking and spi-
rally winding a positive electrode plate 321a, a negative elec-
trode plate 3215, and a separator 321c¢ disposed therebe-
tween. The positive electrode plate 3214a is connected to a
positive electrode tab 3214. The negative electrode plate 3215
is connected to a negative electrode tab 321e. An opening of
the can 322 is sealed with a cap assembly 323.

Referring to FIG. 3B, the positive electrode plate 321a
includes a positive current collector that is coated with a
positive active material. The positive active material can
include lithium, a binder to enhance coherence, and a con-
ductive material to enhance conductivity. The positive current
collector is generally formed of aluminum foil. The positive
electrode tab 3214 is attached to an uncoated portion of the
positive current collector.

The negative electrode plate 3215 includes a negative cur-
rent collector that is coated with a negative active material.
The negative active material can include a hard carbon such as
graphite, and a binder to enhance the coherence of the nega-
tive active material. The negative current collector may be
formed of copper foil. The negative electrode tab 321e is
attached to an uncoated portion of the negative current col-
lector.

The separator 321c¢ insulates the positive electrode plate
321a from the negative electrode plate 3215 and is permeable
to ions. Generally, the separator 321¢ may be formed of
polyethylene (PE) or polypropylene (PP), but the present
invention is not limited thereto. The separator 321¢ may
include a polymer electrolyte.

The can 322 may be rectangular or cylindrical, in consid-
eration of the shape of the electrode assembly 321. The can
322 houses the electrode assembly 321 and is sealed by the
cap assembly 323. Generally, the can 322 may be formed of
aluminium, but the present invention is not limited thereto.

The cap assembly 323 may include a cap plate 3234, an
electrode terminal 32354, an insulating gasket 323¢, a terminal
plate 3234, an insulating plate 323¢, and an insulation case
323f. The cap plate 323q includes a safety vent 32343 and
seals an opening of the can 322. The cap plate includes an
electrolyte injection hole 32341, through which an electrolyte
is injected into the can 322. The electrolyte injection hole
323al is sealed by an electrolyte injection hole cap 32342.
The negative electrode tab 3214 is electrically connected to
the cap plate 323a.

The electrode terminal 3235 is mounted on a center hole of
the cap plate 323 and is connected electrically to the negative
electrode tab 321e. The insulating gasket 323¢ insulates the
electrode terminal 321e from the cap plate 323a.
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The terminal plate 3234 includes a hole that helps to secure
the electrode terminal 3235. The terminal plate 3234 may be
electrically connected to the negative electrode tab 321e. The
insulating plate 323e¢ insulates the terminal plate 3234 from
the cap plate 3234. The insulation case 323fincludes a groove
and a hole, through which the positive electrode tab 321d and
the negative electrode tab 321e project. The insulation case
323f1s securely mounted on the electrode assembly 321, so as
to insulate the upper surface of the electrode assembly 321.

The insulation gasket 323c, the insulation case 323/, and
the insulation plate 323¢ can be formed of an insulating
material, such as a polypropylene resin or a polyethylene
resin. The electrode terminal 32354, cap plate 323a, and ter-
minal plate 3234 can be formed of a conductive material, such
as aluminum, an aluminum alloy, nickel, or a nickel alloy.
However, the present invention is not limited to the above
materials.

The coupling member 330 couples the secondary battery
320 to the loop antenna 130. The coupling member 330 can be
formed of a double coated tape. The coupling member 330
may be an adhesive that is applied between the secondary
battery 320 and the loop antenna 130.

The coupling of the loop antenna 130 and the protective
circuit module 310 is enhanced, since the loop antenna 130
and the secondary battery 320 are coupled using the coupling
member 330. In addition, the loop antenna 130 can be inserted
into the protective circuit module 310. Accordingly, when the
loop antenna 130 is attached to the secondary battery 320, an
injection molding operation can be performed to further
secure the loop antenna 130 to the secondary battery 320.

FIG. 4A is a perspective view of a secondary battery pack
400, in accordance with still another exemplary embodiment
of the present invention. FIG. 4B is a perspective view of a
secondary battery 420 of FIG. 4A. As shown in FIG. 4A, the
secondary battery pack 400 is similar to the battery pack 300,
except that the secondary battery 420 is a pouch-type second-
ary battery, rather than a can-type secondary battery. In par-
ticular, the secondary battery 420 includes a pouch 410, an
electrode assembly 321 that is inserted into the pouch 410, a
protective circuit module 310, and a loop antenna 130.

The electrode assembly 321 includes a positive electrode
tab 3214 and a negative electrode tab 321e, which extend
through the pouch 410. The pouch 410 may include multiple
layers, such as an inner layer formed of cast polypropylene
(CPP), an intermediate layer formed of aluminum, and an
outer layer formed of nylon. The pouch 410 can include a
lower portion 411 having a receiving groove 411a to receive
the electrode assembly 321, and an upper portion 412 that is
thermally adhered to the lower film 411. Insulating tapes 421
are used to insulate the positive and negative electrode tabs
321d and 321e, from the intermediate layer of the pouch 410.
A contact portion 4115 is formed where the upper and lower
portions 412 and 411 are sealed together. Then, the contact
portion 4115 is folded, to form a folded portion 413, as shown
in FIG. 4A.

The secondary battery pack 400 includes a coupling mem-
ber 330 that couples the secondary battery 420 to the loop
antenna 130. The coupling member 330 can be a double
coated adhesive tape or an adhesive layer. The protective
circuit module 310 includes an insulating substrate 311, a
printed circuit pattern (not shown), a charging/discharging
terminal 313, and a protection circuit part 314. The loop
antenna 130 can be inserted into the protection circuit sub-
strate 310, and can be attached to a surface 400a of the pouch
400. The negative electrode tab 3214 and the positive elec-
trode tab 321e are electrically connected to the protective
circuit module 310.
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In the secondary battery pack 400, the loop antenna 130 is
attached to the surface 410a of the pouch 420, so that its
coupling force is increased. Also, when the secondary battery
pack 400 is formed by injection molding, its structure is more
flexible than that of a can-type secondary battery. Accord-
ingly, it is possible to form a battery pack having RFID
functionalities, and a changeable mounting type.

In a protective circuit module of the present invention, a
loop antenna is connected to a printed circuit pattern that is
disposed among layers of an insulating substrate. This struc-
ture increases the coupling force between the insulating sub-
strate and the loop antenna, thereby reducing contact errors
and preventing an increase in contact resistance.

Although a few exemplary embodiments of the present
invention have been shown and described, it would be appre-
ciated by those skilled in the art that changes may be made in
these embodiments, without departing from the principles
and spirit of the invention, the scope of which is defined in the
claims and their equivalents.

What is claimed is:

1. A protective circuit module, comprising:

an insulating substrate comprising an inner layer, an outer

layer, and an intermediate layer disposed between the

inner layer and the outer layer;

aprinted circuit pattern embedded in the intermediate layer

between the inner layer and the outer layer; and

a loop antenna electrically connected to the printed circuit

pattern, ends of the loop antenna being embedded in the

intermediate layer between the inner layer and the outer
layer and connected to the printed circuit pattern.

2. The protective circuit module as claimed in claim 1,
wherein the ends of the loop antenna are inserted into the
insulating substrate and connected to the printed circuit pat-
tern.

3. The protective circuit module as claimed in claim 1,
wherein a portion of the printed circuit pattern protrudes from
the insulating substrate and is coupled to the loop antenna.

4. The protective circuit module as claimed in claim 1,
wherein the loop antenna is a radio frequency identification
(RFID) antenna.

5. The protective circuit module as claimed in claim 1,
wherein the loop antenna comprises a conductive wire or a
conductive copper film, which is electrically connected to the
printed circuit pattern.

6. The protective circuit module as claimed in claim 5,
wherein the loop antenna comprises an insulating coating.

7. The protective circuit module as claimed in claim 5,
wherein the insulating coating is an insulating film.

8. The protective circuit module as claimed in claim 5,
wherein the loop antenna is in the faun of a conductive loop.

9. A secondary battery pack, comprising:

a protective circuit module comprising:

an insulating substrate comprising an inner layer, an
outer layer, and an intermediate layer disposed
between the inner layer and the outer layer,

a printed circuit pattern embedded in the intermediate
layer between the inner layer and the outer layer,

a charging/discharging terminal mounted on the insulat-
ing substrate and electrically connected to the printed
circuit pattern,

a protection circuit part mounted on the insulating sub-
strate and electrically connected to the printed circuit
pattern, and
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a loop antenna electrically connected to the printed cir-
cuit pattern, ends of the loop antenna being embedded
in the intermediate layer between the inner layer and
the outer layer and connected to the printed circuit
pattern;

a secondary battery electrically connected to the protective

circuit module; and

a coupling member to couple the loop antenna to the sec-

ondary battery.

10. The secondary battery pack as claimed in claim 9,
wherein the ends of the loop antenna are disposed within the
insulating substrate and are coupled to the printed circuit
pattern.

11. The secondary battery pack as claimed in claim 9,
wherein a portion of the printed circuit pattern extends out of
the insulating substrate and is coupled to the loop antenna.

12. The secondary battery pack as claimed in claim 9,
wherein the battery is a can-type secondary battery.

13. The secondary battery pack as claimed in claim 9,
wherein the battery is a pouch-type secondary battery.

14. The secondary battery pack as claimed in claim 9,
wherein the coupling member is an adhesive coating.

15. The secondary battery pack as claimed in claim 9,
wherein the loop antenna is a radio frequency identification
(RFID) antenna.

16. The secondary battery pack as claimed in claim 9,
wherein the loop antenna comprises a conductive wire or a
conductive copper film.

17. The secondary battery pack as claimed in claim 16,
wherein the loop antenna further comprises an insulating
coating.

18. The secondary battery pack as claimed in claim 17,
wherein the insulating coating is an insulating film.

19. The secondary battery pack as claimed in claim 16,
wherein the loop antenna is in the form ot a conductive loop.

20. A secondary battery pack, comprising:

a protective circuit module comprising:

an insulating substrate comprising a plurality of layers,

a printed circuit pattern disposed within the layers of the
insulating substrate,

a charging/discharging terminal mounted on the insulat-
ing substrate and electrically connected to the printed
circuit pattern,

a protection circuit part mounted on the insulating sub-
strate and electrically connected to the printed circuit
pattern, and

a loop antenna electrically connected to the printed cir-
cuit pattern;

a secondary battery electrically connected to the protective

circuit module; and

a coupling member to couple the loop antenna to the sec-

ondary battery,

wherein:

the loop antenna comprises a conductive wire or a con-
ductive copper film;

the insulating substrate comprises an inner layer, an
outer layer, and an intermediate layer disposed
between the inner layer and the outer layer;

the printed circuit pattern is disposed within the inter-
mediate layer; and

ends ofthe loop antenna are inserted into the intermedi-
ate layer and connected to the printed circuit pattern.

#* #* #* #* #*






