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In an antenna structure including a feeding radiation elec-
trode and a non-feeding radiation electrode that are electro-
magnetically coupled to each other, due to formation of a
main slit, the feeding radiation electrode includes a U-turn
portion in the middle of a path circumventing the main slit
from a feeding end to an open end. A sub-slit for forming an
open stub that is connected to the U-turn portion and that
provides the U-turn portion with electrostatic capacitance is
formed in the feeding radiation electrode. By changing a
value of the electrostatic capacitance to be provided by the
open stub to the U-turn portion of the feeding radiation
electrode, variable control of a higher-order resonant fre-
quency F2 of the feeding radiation electrode 2 can be
achieved while suppressing fluctuations in a resonant state
(for example, a fundamental resonant frequency F1 and a
Q-value) of a fundamental resonant frequency band of the
feeding radiation electrode, in an electromagnetic coupling
state between the feeding radiation electrode and the non-
feeding radiation electrode, and in an impedance matching
state.
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A broadband antenna includes a radiation part (10) for
radiating and receiving electromagnetic signals, a feed por-
tion (30) for feeding the electromagnetic signals, and a pair
of ground planes (40) respectively disposed on sides of the
feed portion. The radiation part comprises an annular first
radiation segment (12) and an annular second radiation
segment (14) being inscribed within a space defined by the
annular shape of the first radiation segment. The feed portion
is electrically connected to the radiation part.
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(57) ABSTRACT

A circularly polarized patch antenna assembly having a
relatively compact volume includes a substrate, a radiation
metal piece, a grounded metal piece and a signal-inputting
body. A plurality of frequency down-conversion metal
pieces in a form of elongate stripe extends from four sides
of the grounded metal piece, thereby to reduce the resonant
frequency. The frequency down-conversion metal pieces are
adhered on the side face of the substrate, so that the
frequency down-conversion metal piece on one side face is
arranged diagonally with respect to the frequency down-
conversion metal piece on the opposite side face. When the
resonant frequency of the antenna is to be reduced, the
position and the area of the frequency down-conversion
metal piece can be adjusted but the increased area of the
frequency down-conversion metal piece cannot be larger
than a half area of the side face of the substrate. Alterna-
tively, the length of the frequency down-conversion metal
piece can be increased.
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1
ANTENNA ELEMENT FOR A RADIO DEVICE

The invention relates to a radiating antenna element
intended to be used in small-sized radio devices in particular.
The invention also relates to a radio device having an antenna
element according to the invention.

BACKGROUND OF THE INVENTION

In antenna design, the space available is an important fac-
tor. It is relatively easy to make an antenna of good quality if
there are no size limitations. In small-sized radio devices,
such as mobile phones, an antenna which protrudes outside
the covers of the device is tried to be avoided, for conve-
nience. This means that as the devices become smaller and
smaller, the space available for the antenna becomes smaller,
too, making antenna design even more challenging.

Internal antennas in mobile terminals usually have planar
structures: The antenna comprises a radiating plane and a
ground plane parallel thereto. The electrical characteristics of
aplanar antenna, such as bandwidth and antenna gain, depend
on the distance between said planes, among other things. As
mobile terminals become smaller in the direction of thick-
ness, too, this distance inevitably becomes shorter, whereby
the electrical characteristics become worse. Particularly this
problem concerns foldable mobile phone models, as their
folding parts are relatively flat and thin. Therefore, antennas
in foldable models are in practice protruding antennas.

Available space can be used more efficiently in a radio
device by fabricating the radiating element of the antenna
within the cover of the device or as part of the cover, which is
known as such. FIG. 1 shows an example of a radiating
antenna element known from application F120012219 which
element is intended to be part of a cover of the radio device.
Strictly speaking the planar bottom 110 of the antenna ele-
ment 100 and its curved rim 120 are included in the cover of
the device. The rim is found on three sides of the bottom,
corresponding to an end of the radio device and the side
surfaces at that end. When mounted, the element 100 is a
radiating element in a planar inverted F antenna (PIFA),
where an antenna feed conductor and short-circuit conductor
are connected to the element. Antenna feed point 101 and
short-circuit point 102 are marked as broken-line circles on
the bottom 110. When the antenna element 100 is pressed into
its place in the radio device the feed and short-circuit conduc-
tors make galvanic contact with points 101 and 102. Starting
from the edge of the element 100 there is a slot 105 which
makes a rectangular turn such that the element, viewed from
the short-circuit point 102, is divided into two branches of
different lengths. The antenna is thus a dual-band antenna. On
both sides of the portion of the slot 105 which starts from the
edge of the element there is a capacitance plate perpendicular
to the bottom. A first capacitance plate 131 is located at the
electrically outermost end of the longer branch of the ele-
ment, and a second capacitance plate 132 at the electrically
outermost end of the shorter branch. Both the mutual capaci-
tance of the capacitance plates and their capacitances with the
ground plane (not shown) increase the electrical lengths of the
radiating branches. This reduces the size of an antenna oper-
ating in particular frequency bands. Furthermore, the antenna
element 100 includes, protruding from the surface of the
bottom 110, a support leg 141 and a ridge 142 which
resembles a wide U and adds to the mechanical strength of the
antenna element. For attachment of the antenna element it
further comprises locking parts 151 and 152. All parts may be
included in a single extrusion piece.
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A disadvantage of the element shown in FIG. 1 is that its
parts have to have certain electrical sizes, which limits the
design of the element. Moreover, the characteristics of the
antenna using the element may be inadequate in flat and thin
radio devices.

SUMMARY OF THE INVENTION

An object of the invention is to reduce said disadvantages
associated with the prior art. An antenna element according to
the invention is characterized in that which is specified in the
independent claim 1. A radio device according to the inven-
tion is characterized in that which is specified in the indepen-
dent claim 17. Some preferred embodiments of the invention
are specified in the other claims.

The basic idea of the invention is as follows: A radiating
antenna element is part of the covers of a radio device. The
antenna element may be conductive throughout or it may
comprise a dielectric portion and conductive portion, which
together constitute a single component. The radiating part of
the antenna element is relatively large: in a foldable phone,
for example, it advantageously comprises the whole cover of
one folding part with the exception of the front side. The
radiating element is fed electromagnetically through a feed
element or galvanically.

An advantage of the invention is that a cover element of a
radio device, which is required in any case, can be used as a
radiator. Another advantage of the invention is that as the
radiating element is relatively large and is located on the outer
surface of the device, the radiation characteristics of the
antenna are better than those of a radiator located more inter-
nally in the device. A further advantage of the invention is that
the space reserved by the antenna within the device is smaller
than in corresponding prior-art antennas. A further advantage
of the invention is that it reduces the production costs of the
radio device.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be now described in detail. Reference
will be made to the accompanying drawings in which

FIG. 1 shows an example of an antenna element according
to the prior art,

FIGS. 2a,b show an example of an antenna element accord-
ing to the invention,

FIGS. 3a,b show a second example of an antenna element
according to the invention,

FIGS. 4a,b show a third example of an antenna element
according to the invention;

FIGS. 54,b show a fourth example of an antenna element
according to the invention,

FIG. 6 shows a fifth example of an antenna element accord-
ing to the invention,

FIG. 7 shows a sixth example of an antenna element
according to the invention and an example of its feed,

FIG. 8 shows a seventh example of an antenna element
according to the invention,

FIG. 9 shows a second example of the feed of an antenna
element according to the invention,

FIG. 10 shows a third example of the feed of an antenna
element according to the invention,

FIG. 11 shows an example of the conductive pattern of an
antenna element according to the invention,

FIG. 12 shows a second example of the conductive pattern
of'an antenna element according to the invention.
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DETAILED DESCRIPTION OF THE INVENTION

FIGS. 2a and 2b show an example of a radiating antenna
element according to the invention. The antenna element 200
belongs to a radio device depicted in FIG. 2a which in this
example is a foldable communication device 20. The com-
munication device has a first part 21 and a second part 22
which can be turned with respect to one another around a
hinge located between them. FIG. 26 shows just the antenna
element 200. This is a single conductive piece constituting the
back side and relatively narrow lateral sides and the upper end
side of the cover of the first part 21. It may be made of
aluminum by extruding, for example. The size of the antenna
element is not bound to the wavelength corresponding to an
operating frequency. The element is large compared to a
quarter of the wavelength, enabling good radiation and
receive characteristics. The location of the radiator on the
outer surface of the radio device has the same effect. In the
end product, the antenna element 200 as well as the antenna
elements of FIGS. 3 to 7 and 9 to 10 are naturally coated with
a thin protective layer.

FIGS. 3a and 356 show a second example of a radiating
antenna element according to the invention. The antenna ele-
ment 300 belongs to a radio device 30 which in this example
is an ordinary non-foldable mobile communication device. In
FIG. 3a the communication device is seen from behind and in
FIG. 3b from a side. The antenna element 300 is a single
conductive piece forming about one half of the back side of
the cover of the communication device 30, extending to the
lateral sides and end side, too. The element 300 connects to
the rest 35 of the cover of the radio device without any
discontinuity of the outer surface.

FIGS. 4a and 45 show a third example of a radiating
antenna element according to the invention. An antenna ele-
ment 400 belongs to a radio device 40 which in this case, too,
is an ordinary non-foldable mobile communication device. In
FIG. 4a the communication device is seen from behind and in
FIG. 4b from a side. The antenna element 400 is a single
conductive piece forming the whole of the back side of the
cover of the communication device 40, extending to the lat-
eral sides and end side, too. The radiator is thus in this
example particularly large. It connects to the rest 45 of the
cover of the radio device without any discontinuity of the
outer surface.

FIGS. 5a and 5b show a fourth example of a radiating
antenna element according to the invention. An antenna ele-
ment 500 belongs to a radio device 50 which in this case, too,
is an ordinary non-foldable mobile communication device. In
FIG. 5a the communication device is seen from behind and in
FIG. 5b there is shown just the antenna element 500. Thisis a
single cuplike conductive piece forming the upper portion of
the cover of the communication device 50. Thus the radiator
500 will be overlapped only a little when held in hand in the
normal manner. The antenna element connects to the rest 55
of the cover of the radio device without any discontinuity of
the outer surface.

FIG. 6 shows a sixth example of a radiating antenna ele-
ment according to the invention. An antenna element 600 is
now a single trough-like conductive piece constituting an
intermediate part of the back side of the cover of a radio
device.

FIG. 7 shows in cross section a sixth example of an antenna
element according to the invention. An antenna element 700
consists now of a dielectric portion 710 in the cover of aradio
device, a radiating conductive layer 720 on the outer surface
thereof, and a conductive layer on the inner surface thereof,
i.e. a feed element 730. The antenna element is fabricated
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using e.g. IMF (In Mould Foil), IMD (In Mould Decoration)
or IML (In Mould Label) technology, so that it is a solid single
component.

Below the antenna element 700 there is an antenna ground
plane GND provided by the conductive upper surface of the
circuit board PCB of the radio device. There is only electro-
magnetic coupling between the feed element 730 and radiator
720 because the dielectric cover 710 isolates them galvani-
cally from each other. Furthermore, the radiator 720 is not
galvanically connected to any other conductive part of the
radio device. The feed element 730 is galvanically connected
to the antenna port of the radio device by a feed conductor
FDC and to the ground plane by a short-circuit conductor
SHC. In this example the feed and short-circuit conductors
are conductive strips attached to the antenna element, which
are pressed against the circuit board PCB by a spring force.

FIG. 8 shows a seventh example of an antenna element
according to the invention. An antenna element 800 consists
of a dielectric portion 810 of the cover of a radio device, a
radiating conductive layer 820 therein, and a conductive layer
on the inner surface, i.e. the feed element 830. The difference
of'this antenna element from the antenna element 700 of F1IG.
7 is that the radiator is now within the dielectric cover and not
on the outer surface thereof. The antenna element 800 can be
fabricated using the same above-mentioned techniques as in
fabricating the element 700. Alternatively, in the examples of
FIGS. 7 and 8, also the feed element may be embedded within
the dielectric portion of the antenna element.

FIG. 9 shows a second example of the feed arrangement of
an antenna element according to the invention. This figure
shows a radiating antenna element 900 which is a single
conductive piece. Below the antenna element there is the
ground plane GND of the antenna. Between the radiator 900
and ground plane there is a conductive feed element FDE
which in this example is galvanically isolated from the radia-
tor by a separate thin dielectric layer DIE. The radiator is not
galvanically connected to any conductive part in the radio
device. The feed element FDE is galvanically connected to
the antenna port of the radio device by a feed conductor FDC
and to the ground plane by a short-circuit conductor SHC.
Encircled within a broken line there is an example of the
shape of the feed element FDE. It is a conductive strip which
has two branches of different lengths, viewed from the short-
circuit point S, to produce two operating bands for the
antenna. The longer branch together with the radiating
antenna element and ground plane resonates in the lower
operating band area, and the shorter branch together with the
radiating antenna element and ground plane resonates in the
upper operating band area.

FIG. 10 shows in cross section a third example of the feed
arrangement of an antenna element according to the inven-
tion. In this figure there is shown a radiating antenna element
A00 and, below that, the ground plane GND of the antenna.
The radiator A00 is now galvanically connected to the
antenna port of the radio device by a feed conductor FDC and
to the ground plane by a short-circuit conductor SHC. The
antenna is thus PIFA type. The feed and short circuit conduc-
tors are e.g. so-called pogo pins, in which case their internal
springs press the upper parts of the conductors against the
radiator. A direct feed to the radiating element according to
FIG. 10 requires that, in the element design, not only the
desired appearance of the radio device need to be known, but
also the electrical dimensions of the element need to be taken
into account.

The radiating portion of an antenna element according to
the invention is advantageously “unbroken”, i.e. its border
line will not deviate inwards from the, say, rectangular or
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roundish outline of the element. This is possible especially
when using the feed arrangement according to FIGS. 7 to 9.
However, in order to enhance the electrical characteristics of
the antenna, the radiating portion may be shaped as required.
FIG. 11 shows an example of such an antenna element. The
element B00 includes a dielectric portion B10 and a radiating
portion B20. The radiating portion is inside the dielectric
portion and therefore drawn in broken line. The radiating
portion has ends extending perpendicularly from its middle
region so that a pattern is formed which resembles a wide
rectangular U. For example, the radiating portion 720 of the
element of FIG. 7 or the radiating portion 820 of the element
of FIG. 8 may be shaped like portion B20.

FIG. 12 shows a second example of a shaped radiator. The
radiating portion C00 has two non-conductive slots. From the
lower edge starts a first slot C05 shaped like letter [ and a
straight second slot C06. In a complete radio device there is a
dielectric protective layer on top of the slots and the whole
radiator.

The attributes “lower” and “upper” refer in this description
and in the claims to the positions of the antenna element
presented in FIGS. 5a and 7 to 10 and have nothing to do with
the operating positions of the devices.

Antenna elements according to the invention were
described above. The shape of an antenna element may differ
from those presented, and the invention does not limit the
fabricating method of the element. The inventional idea can
be applied in different ways within the scope defined by the
independent claim 1.

The invention claimed is:

1. A radiating antenna element of a radio device, wherein
the element is part of a cover of the radio device, the element
having a size which is substantially greater than a quarter of a
wavelength corresponding to an operating frequency,
wherein said size is independent of, and unbounded by, the
wavelength.

2. The antenna element according to claim 1, further
including a radiating portion that is galvanically isolated from
conductive parts of the radio device.

3. The antenna element according to claim 2, wherein the
radiating portion is arranged to be fed electromagnetically by
a feed element.

4. The antenna element according to claim 1, wherein the
radio device is foldable comprising two folding parts, and the
element comprises a rear part of a cover of one of said folding
parts.
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5. The antenna element according to claim 1, wherein the
element comprises an upper portion of a rear part of the cover
of the radio device.

6. The antenna element according to claim 1, wherein the
element comprises an entire rear part of the cover of the radio
device.

7. The antenna element according to claim 1, wherein the
element comprises an intermediate portion of arear part of the
cover of the radio device.

8. The antenna element according to claim 1, wherein the
element comprises an upper portion of the cover of the radio
device.

9. The antenna element according to claim 1, wherein the
element is a rigid conductive piece, which forms said part of
the radio device substantially entirely.

10. The antenna element according to claim 1, further
including a dielectric portion having an outer surface and a
radiating portion, which portions together constitute a single
integral component.

11. The antenna element according to claim 10, wherein
the radiating portion is located on the outer surface of the
dielectric portion.

12. The antenna element according to claim 10, wherein
the radiating portion is located within the dielectric portion.

13. The antenna element according to claim 10, further
comprising an antenna feed element which is also a constitu-
ent of the single integral component.

14. The antenna element according to claim 13, wherein
the dielectric portion further includes an inner surface, and
the feed element is located on the inner surface of the dielec-
tric portion.

15. The antenna element according to claim 13, wherein
the feed element is located within the dielectric portion.

16. The antenna element according to claim 1, further
including a radiating portion shaped to match the antenna
element.

17. A radio device having a cover and a radiating antenna
element which is part of the cover, the element having a size
which is substantially greater than a quarter of the wavelength
corresponding to an operating frequency, wherein said size is
independent of, and unbounded by, the wavelength.
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HO01Q 1738 (2006.01) formed on the first sub-plate, a second feeding point formed
(52) US.CL ..o, 343/795; 343/793; 343/767, on the second sub-plate, and a feeding coaxial cable having a
343/700 MS core conductor connected to the first feeding point and a
(58) Field of Classification Search ................ 343/795,  grounding conductor connected to the second feeding point.

343/700 MS, 793, 767
See application file for complete search history.

9 Claims, 10 Drawing Sheets
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DIGITAL-TELEVISION RECEIVING
ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a digital-television receiv-
ing antenna, and more particularly, to a broadband planar
digital-television receiving antenna.

2. Description of the Prior Art

In the past, a TV program operator broadcasts analog sig-
nals to receivers through ultra-high-frequency (UHF) or very-
high-frequency (VHF) channels. Analog signals are easily
interfered during transmission, so that picture clarity, noise
and ghost-image reductions are insufficient. Also, transmit-
ting analog signals requires a considerable frequency band-
width, which decreases the efficiency of frequency utiliza-
tion. In contrary, a digital TV (DTV) system transmits TV
programs with digital signals, which can be compressed to
increase the efficiency of frequency utilization. Moreover, a
receiver of the DTV system can process debugging or error
corrections for digital signals, so that the DTV system has
higher quality in video and audio, and more channel numbers.
Now, the DTV system has been developed in three main
standards, DVB (Digital Video Broadcasting) by European
Broadcast Union (EBU), ATSC (Advanced Television Sys-
tems Committee) by US, and ISDB (Integrated Services Digi-
tal Broadcasting) by Japan. The DVB standard has been
authorized by European Telecommunications Standard Insti-
tute (ETSI), and includes substandards of DVB-S (satellite),
DVB-C (cable) and DVB-T (terrestrial). According to the
DVB standard, a DVB system encodes video and audio sig-
nals with MPEG-2 coding technology, modulates the signals
with coded orthogonal frequency division multiplexing
(COFDM), and uses a frequency bandwidth of 8 MHz (23.5
Mbps). A DVB-T system can establish a single frequency
network (SFN) for increasing available frequency resources,
provide interactive TV functions, and reduce a multipath
effect. In order to improve mobile receiving efficiency of a
vehicle DVB-T receiver, advanced channel estimation is
applied and a dual-antenna is used for receiving radio waves
and performing diversity combining, and accordingly, circuit
complexity, hardware cost, and power consumption cannot be
decreased. A DTV receiving antennal is a fundamental equip-
ment of acommon DTV tuner. Most DTV receiving antennas
are monopole antennas, which have large sizes and insuffi-
cient bandwidths. Therefore, a planar DTV receiving antenna
having a wide bandwidth is desired.

TW patent No. 521,455 discloses a small planar DTV
antenna for receiving DTV signals. However, the antenna of
TW patent No. 521,455 has a large volume, so that it is
inconvenient.

Referring to FIG. 2, which illustrates a schematic diagram
of an antenna 2 of the prior art. The antenna 2 includes a
dielectric substrate 20, a radiating plate 21, a slit 24, feeding
points 25, 26, and a feeding coaxial cable 27. The dielectric
substrates 20 can be a copper clad laminate substrate, or be
made of film or rubber. The radiating plate 21 is formed on the
dielectric substrates 20 by printing or etching. The radiating
plate 21 is formed as a bar shape, and includes a first long edge
211 and a second long edge 212 corresponding to the first
long edge 211. A length of the slit 24 is approximately equal
to a width W of the radiating plate 21. The slit includes
terminals 241 and 242. The terminal 241 is at about a center
of'the first long edge 211, and the terminal 142 is also at about
the center of the second long edge 212. The slit 24 separates
the radiating plate 21 into a first sub-plate 22 and a second
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sub-plate 23. The feeding points 25 and 26 are near the first
long edge 211, and at the first sub-plate 22 and the second
sub-plate 23, respectively. The feeding coaxial cable 27 is
utilized for transmitting/receiving signals, and includes a core
conductor 271 connected to the feeding point 25 and a
grounding conductor 272 connected to the feeding point 26.
Note that, the slit 24 is formed without any bending, or is
perpendicular to the first long edge 211 and the second long
edge 212.

Referring to FIG. 3, which illustrates a schematic diagram
of an antenna 3 of the prior art. The antenna 3 includes a
dielectric substrate 30, a radiating plate 31, a slit 34, feeding
points 35, 36, and a feeding coaxial cable 37. The dielectric
substrates 30 can be a copper clad laminate substrate, or be
made of film or rubber. The radiating plate 31 is formed on the
dielectric substrates 30 by printing or etching. The radiating
plate 31 is formed as a bar shape, and includes a first long edge
311 and a second long edge 312 corresponding to the first
long edge 311. The length of the slit 34 is approximately equal
to the width W of the radiating plate 31. The slit includes
terminals 341 and 342. The terminals 341 and 342 are at a
distance (about 60 mm) from centers of the first long edge 311
and the second long edge 312. The slit 34 separates the radi-
ating plate 31 into a first sub-plate 32 and a second sub-plate
33. The feeding points 35 and 36 are near the first long edge
311, and at the first sub-plate 32 and the second sub-plate 33,
respectively. The feeding coaxial cable 37 is utilized for trans-
mitting/receiving signals, and includes a core conductor 371
connected to the feeding point 35 and a grounding conductor
372 connected to the feeding point 36. Note that, the slit 34 is
formed without any bending, or is perpendicular to the first
long edge 311 and the second long edge 312.

SUMMARY OF THE INVENTION

It is therefore a primary objective of the claimed invention
to provide a digital-television receiving antenna.

According to the claimed invention, a receiving antenna for
a digital television comprises a dielectric substrate, a radiat-
ing plate formed on the dielectric substrate with a bar shape,
having a first long edge and a second long edge corresponding
to the first long edge, a slit formed on the radiating plate with
a length at least two times the width of the radiating plate,
having a terminal at about the center of the first long edge and
a terminal at the second long edge, and separating the radiat-
ing plate into a first sub-plate and a second sub-plate, a first
feeding point formed on the first sub-plate, a second feeding
point formed on the second sub-plate, and a feeding coaxial
cable having a core conductor connected to the first feeding
point and a grounding conductor connected to the second
feeding point.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic diagram of an antenna in
accordance with an embodiment of the present invention.

FIG. 2 illustrates a schematic diagram of an antenna of the
prior art.

FIG. 3 illustrates a schematic diagram of an antenna of the
prior art.

FIG. 4 illustrates a schematic diagram of measured return
loss of the antennas shown in FIG. 1, FIG. 2, and FIG. 3.
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FIG. 5 illustrates a schematic diagram of the radiation
pattern of the antenna shown in FIG. 1 at 530 MHz.

FIG. 6 illustrates a schematic diagram of the radiation
pattern of the antenna shown in FIG. 1 at 740 MHz.

FIG. 7 illustrates a schematic diagram of the antenna gain
of the antenna shown in FIG. 1.

FIG. 8, FIG. 9, and FIG. 10, illustrate schematic diagrams
of the antennas in accordance with embodiments of the
present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates a schematic diagram of an antenna 1 in
accordance with an embodiment of the present invention. The
antenna 1 includes a dielectric substrate 10, a radiating plate
11, a slit 14, feeding points 15, 16, and a feeding coaxial cable
17. The dielectric substrates 10 can be a copper clad laminate
substrate, or be made of film or rubber. The radiating plate 11
is formed on the dielectric substrates 10 by printing or etch-
ing. The radiating plate 11 is formed as a bar shape, and
includes a first long edge 111 and a second long edge 112,
which can be adjacent edges or opposite edges. The length of
the slit 14 is longer than the width W of the radiating plate 11
and is preferably at least twice the width W of the radiating
plate 11. The slit 14 is preferably of a step shape and includes
terminals 141 and 142. The terminal 141 is at about the center
of the first long edge 111, while the terminal 142 is at the
second long edge 112. The slit 14 separates the radiating plate
11 into a first sub-plate 12 and a second sub-plate 13. The
feeding points 15 and 16 are near the first long edge 111, and
at the first sub-plate 12 and the second sub-plate 13, respec-
tively. The feeding coaxial cable 17 is utilized for transmit-
ting/receiving signals, and includes a core conductor 171
connected to the feeding point 15 and a grounding conductor
172 connected to the feeding point 16.

To show the advantages of the present invention, please
refer to FIG. 4, which illustrates a schematic diagram of
measured return loss of the antennas 1, 2 and 3. In the experi-
ments, the radiating plate 11, the radiating plate 21, and the
radiating plate 31 are 235 mm long and 20 mm wide. A total
length and a width of the slit 14 are 80 mm and 1 mm. The
terminal 141 is at about the center of the first long edge 111,
while the terminal 142 is at about 60 mm from the center of
the second long edge 112. The length of'the slit 24 is approxi-
mately equal to the width of the radiating plate 21, or about 20
mm. The terminals 241 and 242 are at about the centers of the
first long edge 211 and the second long edge 212. The length
of the slit 34 is approximately equal to the width of the
radiating plate 31, or about 20 mm. The terminals 341 and 342
are at about 60 mm from the centers of the first long edge 311
and the second long edge 312. In FIG. 4, y-axis represents
values of return loss, and x-axis represents operating frequen-
cies. Curves 41, 42, and 43 represent the measured return loss
corresponding to the antennas 1, 2, and 3. As shown in FI1G. 4,
the antenna 2 of the prior art is excited as a half-wavelength
antenna at about 550 MHz, while antenna 3 of the prior art is
excited not only as a half-wavelength antenna at about 550
MHz, but also as a full-wavelength antenna at about 1150
MHz due to the 60-mm shift of the slit 34 from the center of
the radiating plate 31. Antenna 1 of the present invention adds
bending in the slit 14, so that a half-wavelength mode and a
full-wavelength mode can be excited at adjacent frequencies,
and then formed into a wide operating band, which covers the
470~806 MHz of the DTV band.

FIG. 5 illustrates a schematic diagram of the radiation
patterns of the antenna 1 at 530 MHz. As shown in FIG. 5, the
radiation patterns of antenna 1 is similar to those of a conven-
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tional dipole antenna in the x-z plane, y-z plane, and x-y
plane. Therefore, the antenna 1 can meet the requirements for
DTV signal reception.

FIG. 6 illustrates a schematic diagram of the radiation
patterns of the antenna 1 at 740 MHz. As shown in FIG. 6, the
radiation patterns of the antenna 1 is similar to those of a
conventional dipole antenna in the x-z plane, y-z plane, and
x-y plane. Therefore, the antenna 1 again can meet the
requirements for DTV signal reception.

FIG. 7 illustrates a schematic diagram of the antenna gain
of the antenna 1, where y-axis represents antenna gain, and
X-axis represents operating frequencies. As shown in FIG. 7,
the antenna gain of the antenna 1 are about 1.5 to 3.0 dBi over
the 470~806 MHz DTV band, which are good for practical
applications for DTV signal reception.

Notice that, the antenna 1 shown in FIG. 1 is only an
exemplary embodiment of the present invention. Those
skilled in the art can make alternations according to the
antenna 1. For example, please refer to FIG. 8, FIG. 9, and
FIG. 10, illustrating schematic diagrams of the antennas 8, 9,
and 10 in accordance with embodiments of the present inven-
tion. The antennas 8, 9, and 10 are similar to the antenna 1,
except that a radiating plate of the antenna 8 is formed as a
smooth-shaped bar, a slit of the antenna 9 is formed along a
smooth curve, and a slit of the antenna 10 includes one bend-
ing only.

In summary, the present invention of planar antenna con-
forms to DTV signal reception requirements and has a simple
structure, so that the production cost can be expected to be
decreased.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A receiving antenna for digital television signal recep-
tion, comprising:

a dielectric substrate;

a radiating plate formed on the dielectric substrate with a
bar shape, having a first long edge and a second long
edge corresponding to the first long edge;

a slit formed on the radiating plate with a length longer than
the width of the radiating plate, having a terminal at
about the center of the first long edge and a terminal at
the second long edge, and separating the radiating plate
into a first sub-plate and a second sub-plate, wherein the
slit is curve-shaped;

a first feeding point formed on the first sub-plate;

a second feeding point formed on the second sub-plate; and

a feeding coaxial cable having a core conductor connected
to the first feeding point and a grounding conductor
connected to the second feeding point.

2. The receiving antenna of claim 1, wherein the dielectric

substrate is a copper clad laminate substrate.

3. The receiving antenna of claim 1, wherein the dielectric
substrate is made of film.

4. The receiving antenna of claim 1, wherein the dielectric
substrate is a made of rubber.

5. The receiving antenna of claim 1, wherein the radiating
plate is formed on the dielectric substrate by printing or
etching.

6. The receiving antenna of claim 1, wherein the length of
the slit is at least two times the width of the radiating plate.

7. The receiving antenna of claim 1, wherein the first long
edge and the second long edge are adjacent edges on the
radiating plate.
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8. The receiving antenna of claim 1, wherein the first long
edge and the second long edge are opposite edges on the
radiating plate.

9. A receiving antenna for digital television signal recep-
tion, comprising:

a dielectric substrate;

a radiating plate formed on the dielectric substrate with a
bar shape, having a first long edge and a second long
edge corresponding to the first long edge, wherein the
first long edge and the second long edge are opposite
edges on the radiating plate;

6

a slit formed on the radiating plate with a length longer than
the width of the radiating plate, having a terminal at
about the center of the first long edge and a terminal at
the second long edge, and separating the radiating plate
into a first sub-plate and a second sub-plate, wherein the
slit has one bend only;

a first feeding point formed on the first sub-plate;

a second feeding point formed on the second sub-plate; and

a feeding coaxial cable having a core conductor connected
to the first feeding point and a grounding conductor
connected to the second feeding point.

#* #* #* #* #*
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1
MOBILE PHONE WITH FM ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a mobile phone
with FM antenna, and more particularly, to a mobile phone
with FM antenna providing broadband FM reception.

2. The Related Art

Nowadays, most mobile phones are integrated to be
multifunctional, such as taking images, listening to music,
etc. among which FM (Frequency Modulation) broadcasting
radio receiving function has come first to be the most
popular function. Thus, most mobile phone manufacturers
combine the mobile phones with FM function so that the
mobile phones are capable of receiving FM broadcasting
besides telephone communication to cater to the need of
customers.

Conventional mobile phones themselves have no FM
antenna to receive FM radio signals. So the conventional
mobile phone must be equipped with a pair of external
earphones that serve as an FM antenna and transmitting
audio signals. When using the FM function of the conven-
tional mobile phone, consumers should firstly insert the pair
of earphones into earphone jacks of the conventional mobile
phone, thereafter, the consumers can use the mobile phone
to receive the FM radio and listen to the FM broadcasting.

However, as the earphone is used as an FM antenna as
well as an earphone function to transmit audio signals in the
meanwhile, the efficiency of the FM antenna is badly
effected while the earphone transmits the audio signals, and
otherwise, other electronic components, such as antistatic
electricity components of the earphone, also bring negative
impact on the performance of the FM antenna. For example,
the FM antenna has lower gain, louder noise, and poor
receiving efficiency.

Another obvious disadvantage of the conventional mobile
phone with FM function is that FM function rarely works
unless the earphone is inserted into the earphone jack as an
FM antenna to receive FM radio signals. So it is necessary
to carry the earphone all the time while using the FM
function, otherwise the FM function does not work. There-
fore, the FM function of the conventional mobile phone is
inconvenient for the consumers to use.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a mobile phone with FM antenna capable of providing
excellent FM broadcasting reception with broadband per-
formance without external earphones.

To achieve the above object, a mobile phone with FM
antenna for FM radio reception comprises an FM antenna,
an FM microchip, a mobile phone body and a phone case.
The FM antenna is fixed to an outer side of the mobile phone
body. One end of the FM antenna has a feed point, and the
other end of the FM antenna is an opening end. The FM
antenna resonates at FM radio frequencies so as to receive
the FM radio signals. The FM microchip is disposed on the
mobile phone body and coupled with the feed point of the
FM antenna for processing the FM radio signals. The phone
case encloses the mobile phone body, the FM antenna and
the FM microchip.

As described above, the FM antenna is embedded in the
mobile phone. It is convenient for consumers to use the
mobile phone for listening to the FM broadcasting freely
without extra external earphones. And the independent FM
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antenna will not be interfered thus obtaining excellent
performance while receiving the FM radio.

The above-mentioned and other features and objects of
this invention and the manner of attaining them will become
more apparent and the invention itself will be better under-
stood by reference to the following description of preferred
embodiments of the invention taken in conjunction with the
accompanying figures wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a mobile phone with FM
antenna of a first embodiment according to the prevent
invention;

FIG. 2 is a perspective view of an FM antenna of the first
embodiment as shown in FIG. 1;

FIG. 3 is a perspective view of an FM antenna of'a second
embodiment as shown in FIG. 1;

FIG. 4 is a perspective view of a mobile phone with FM
antenna of a third embodiment according to the prevent
invention; and

FIG. 5 is a perspective view of an FM antenna of the third
embodiment as shown in FIG. 4.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

For facilitating understanding, like components are des-
ignated by like reference numbers throughout the various
embodiments of the invention in the attached drawings.

Referring to FIG. 1, according to a first preferred embodi-
ment of the present invention, a mobile phone with FM
antenna comprises a mobile phone body 10, an FM micro-
chip 20, an FM antenna 30, and a phone case 50. The FM
microchip 20 is disposed on the mobile phone body 10. The
FM microchip 20 processes FM radio signals transmitted
from the FM antenna 30 and converts the FM radio signals
to be audio signals so as to be played by the mobile phone.
Thus consumers can listen to the broadcasting program by a
pair of earphone or otherwise by a loudspeaker of the mobile
phone. The phone case 50 encloses the mobile phone body
10, the FM antenna 30 and the FM microchip 20, so the FM
antenna 30 is embedded in the mobile phone for facilitating
carrying for consumers. And the FM antenna 30 resonates at
the FM radio frequencies so the mobile phone is convenient
to receive the FM radio broadcasting without extra external
earphone.

Referring to FIG. 2, the FM antenna 30 is made of an
electrical conductive material that is responsive to FM radio
signals. In this preferred embodiment, the FM antenna 30 is
made of conductive wire. One end of the FM antenna 30 has
a feed point 32, and the other end of the FM antenna 30 is
an opening end 34. The FM antenna 30 is spirally wrapped
around a dielectric component 31, so the FM antenna 30
encircles around the dielectric component 31 at longitudinal
direction to form a plurality of circles thus to be fixed on the
dielectric component 31. The dielectric component 31 is
fixed to a left lateral outer side of the mobile phone body 10.
The feed point 32 of the FM antenna 30 is electrically
coupled with the FM microchip 20.

Referring to FIG. 3, a second preferred embodiment of the
present invention is shown. The difference between the
configuration in FIG. 2 and the configuration in FIG. 3 is that
the FM antenna 30' in FIG. 3 is printed on a printed circuit
board 35. The FM antenna 30' consists of a plurality of
conductive traces that are respectively printed on two oppo-
site sides of the printed circuit board 35. In this preferred
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embodiment, the conductive traces are a plurality of parallel,
equally spaced apart conductive antenna elements 33. A
plurality of through vias 36 is defined in and penetrates
through the printed circuit board 35 at the positions where
two opposite ends of each conductive antenna element 33
are located. The inner walls of the plurality of through vias
36 are conductive metal-coated so as to electrically connect
the plurality of antenna elements 33 that are printed on two
opposite sides of the printed circuit board 35. Thus, the
plurality of separate antenna elements 33 is electrically
coupled through the plurality of through vias 36. The printed
circuit board 35 is fixed to the left lateral outer side of the
mobile phone body 10. As mentioned above, the phone case
50 encloses the mobile phone body 10, the FM microchip 20
and the FM antenna 30', so the FM antenna 30' is embedded
in the mobile phone.

FIG. 4 shows a third embodiment of the present invention.
The FM antenna 40 is fixed along left and right lateral outer
sides and the bottom outer side of the mobile phone body 10.
Further referring to FIG. 5, in this preferred embodiment, the
FM antenna 40 is printed on one side of a flexible printed
circuit board 41. The FM antenna 40 consists of a plurality
of conductive antenna traces 43 that meander like zigzags.
One end of the FM antenna 40 has a feed point 42, and the
other end of the FM antenna 40 is an opening end 44.

Referring to FIG. 4 again, when assembling the FM
antenna 40 to the mobile phone body 10, for a flexibility
characteristic of the printed circuit board 41, the FM antenna
40 is bent and fixed to the mobile phone body 10 along the
two lateral outer sides and the bottom outer side. The feed
point 42 of the FM antenna 40 is electrically coupled with
the FM microchip 20 so as to transmit FM radio signals to
the FM microchip 20. Thereafter, the FM antenna 40 is fixed
to the mobile phone body 10 and is embedded in the mobile
phone while the mobile phone body is enclosed in the phone
case 50.

In most countries, such as in the United States, China, FM
transmissions are within a well regulated frequency range
from 88 MHz to 108 MHz. Therefore, the FM antenna
associated with the mobile phone operating in the United
States and China should be tuned to the particular bandwidth
of 88 MHz to 108 MHz. However, in other countries the
mobile phone may be operated within different regulated
bandwidths for the FM radio signal transmission. For
example, Japan regulates FM transmissions in the frequency
bandwidth of 76 MHz to 90 MHz. Therefore, the FM
antenna associated with the mobile phone operating in Japan
should be tuned to this particular bandwidth. According to
the above preferred embodiments, the electrical length of the
FM antenna 30, 30', and 40 is appropriately dimensioned to
be consistent with a quarter wavelength reception in the FM
radio frequencies range from 88 MHz to 108 MHz, and the
FM antenna 30, 30', and 40 resonates at the FM radio
frequencies of 88 MHz to 108 MHz, such that they are
applicable to receive the frequencies appropriately for FM
broadcasting radio in most countries. It will be appreciated
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that, alternatively, the electrical length of the FM antenna 30,
30', and 40 can also be dimensioned to be consistent with a
quarter wavelength reception in the FM radio frequencies
range from 76 MHz to 90 MHz such that they are applicable
to receive the frequencies appropriately for FM broadcasting
radio in Japan.

As described above, the FM antenna 30, 30', and 40 is
fixed to the mobile phone body 10 and is embedded in the
mobile phone. When to listen to FM broadcasting by the
mobile phone, consumers just need to switch on the FM
function, then the FM antenna 30, 40 resonates at the FM
radio frequencies to receive the FM radio signals without an
extra external earphone. Compared to the prior art that the
FM radio signals reception is dependent on the extra exter-
nal earphone, the FM antenna 30, 30", and 40 of the present
invention that is independently designed and embedded in
the mobile phone provides enough bandwidth and gain,
thereby achieving excellent broadcasting radio receiving
efficiency.

Accordingly, there has been disclosed a mobile phone
with FM antenna for receiving FM broadcasting radio.
While illustrated embodiments of this invention have been
disclosed herein, it is understood that various modifications
and adaptations to the disclosed embodiments are possible,
and it is intended that this invention be limited only by the
scope of the appended claims.

What is claimed is:

1. A mobile phone with FM antenna for FM radio recep-
tion, comprising:

a mobile phone body;

an FM antenna being fixed to an outer side of the mobile

phone body, one end of the FM antenna having a feed
point, and the other end of the FM antenna being an
opening end, said FM antenna resonating at FM radio
frequencies so as to receive FM radio signals;

an FM microchip disposed on said mobile phone body

and coupled with said feed point of said FM antenna for
processing the FM radio signals; and

a phone case enclosing said mobile phone body, said FM

antenna, and said FM microchip;

wherein said FM antenna is printed on two opposite sides

of a printed circuit board and comprises a plurality of
conductive antenna elements, a plurality of through
vias are defined in the printed circuit board so as to
electrically couple with the plurality of conductive
antenna elements, and the printed circuit board is fixed
to a lateral outer side of said mobile phone body.

2. The mobile phone with FM antenna as claimed in claim
1, wherein an electrical length of said FM antenna is
dimensioned to be a quarter wavelength of said FM radio
frequencies.

3. The mobile phone with FM antenna as claimed in claim
1, wherein said FM antenna is tuned to said FM radio
frequencies ranging from 88 MHz to 108 MHz.
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1
MICRO CHIP ANTENNA

FIELD OF THE INVENTION

The present invention relates to micro chip antenna, and
in particular to a method for manufacturing a microchip
antenna. The main body of the antenna includes multi-folded
paths, feeding points, welding spots, and a packaging body.
The radiation wires of the antenna is built on a single or
multiple inputs on a dielectric substrate and is multi-folded
wires. It is packaged by another dielectric material. The
radiation wires of the antenna can be designed and manu-
factured in three dimensions so as to reduce the area
occupied by the antenna and reduce the coupling interfer-
ence between the elements. Thereby the dielectric constant
of the packaging material can be changed to increase the
degree of freedom in the design and application of the
antenna. Thereby antenna can be designed to have multiple
frequency bands, be wideband and have an improved radia-
tion pattern.

BACKGROUND OF THE INVENTION

Wireless transmission is more and more popular due to
the unlimited applications of the wireless technology. It is
widely used in many fields, such as satellite communication,
handset communication, or wireless networks. All these
facilities apply technique of wireless transmission. However
in wireless communication, antenna is an important element,
which is used in electromagnetic wave transmission and
receiving. Since an antenna is like a liaison among the
wireless products. Antennas are supposed to be a key
component for its widespread business usage in the future.
In order to reduce the cost of manufacture and fit the design
criteria, such as small size, light weight, thin or short sizes,
how to design and manufacture antenna becomes an impor-
tant issue.

Chip antennas are a kind of antenna type and are devel-
oped recently. This type of antenna packages metal conduc-
tor into dielectric material. As far as we know, if electro-
magnetic wave spreads in the material having higher
dielectric constant, then the wave speed will slow down for
the sake of material property and the wavelength becomes
shorter. The size of antenna will depend on its wavelength.
If the wavelength is longer, then the size of antenna will
become larger. On the other hand, if the wavelength is
shorter, then the size of antenna can be smaller. If the
dielectric constant of packaging material is higher, then the
whole volume of antenna can be smaller. Almost all products
of'wireless transformation tend to a trend of compactness, so
the invention of chip antenna is very useful for the future
development of wireless transformation.

As the prior art techniques is presented in Taiwan Patent
No. 480773 The type of antenna starts the stage of three-
dimensional structure and apply the technique of low tem-
perature co-combustion (LTTC). However, the manufactur-
ing process of LTTC is very complicated and expensive. In
the manufacturing process of LTTC, radiated conductor
paths use conductive material plane-printing technology on
a ceramic substrate, and then on its adjacent two layers of
substrates. Corresponding wire ends form through holes to
connect each other. To fill the passing through hole with
conductive material to connect the two layers of circuits, this
process can build up a three-D structure. Finally, sintering
the antenna uses the mean of LTTC (about 800° C.~900° C.)
and composes it into a single unit. Manufacturing process of
LTTC limits the choice of conductive circuit and dielectric
material. Besides, it also has the problem of sintering
contraction and deformation of conductive wires. Because
of the disadvantages of LTTC, such as more complex
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manufacturing process, huger amount of investing cost and
lower degree of freedom for antenna designing, those dis-
advantages leads to increasing the time of preparation for
exploiting new products and the increasing cost in research
and development. Therefore, LTTC is not qualified to be an
efficiency and suitable manufacturing process.

Another example of prior art is presented in Taiwan Patent
No. 518801, “chip antenna and method of manufacturing
process thereof”. The invention presents a method for pack-
aging partly metal sheet of conductive loop of an antenna by
conductive material, then using residue of the loop to follow
the surface of the packaged dielectric material for curving.
The invention can reduce the measure of areca on the
substance of antenna. However, the manufacturing process
of the antenna is quite complicated and it is difficulty to
control the function of antenna.

Besides, another one example of the prior art is presented
in the invention of U.S. Pat. No. 6,636,180. The invention
presents a type of printing circuit antenna. The kind of
micro-strip antenna includes a printed circuit board, metal
chips and multiple curved circuits. The metal chips services
as grounded surface. On the top and bottom of printed circuit
board has conductive circuits and uses through holes to
connect therewith so as to form continuous conductive
framework, in order to reduce the size of the antenna, but the
conductor loop of the antenna is exposed to user’s environ-
ment. According to the change of user’s nearby environ-
ment, the residue of the loop central frequency may increase
and has different variations.

Above-mentioned prior arts can only produce specific
antenna used in particular frequencies. Applying those meth-
ods to antenna often has different degree of shifts to the
center frequency due to the displacement of the antenna. In
the 2.45 GHz of central frequency, the shift can be 200 MHz.
If try to calibrate the shift by modifying the antenna loop,
that will be complicated and be a huge work. Therefore, the
central frequency usually is adjusted by adding capacitor
and inductor to the exterior circuits. The solution will
increase producing cost and reduce the measure of PC board.
Besides, the degree of freedom to apply antenna will reduce.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view for the first embodiment
of the invention.

FIG. 2 is a top perspective view of the first embodiment
of the invention.

FIG. 3 is a cross-sectional view for the second embodi-
ment of the invention.

FIG. 4 is a top perspective view of the second embodi-
ment of the invention.

FIG. 5 is a cross-sectional view for the third embodiment
of the invention.

FIG. 6 is a top perspective view of the third embodiment
of the invention.

FIG. 7 is a cross-sectional view for the forth embodiment
of the invention.

FIG. 8 is a top perspective view of the fourth embodiment
of the invention.

FIG. 9 is a bottom perspective view of an embodiment of
the invention.

SUMMARY OF THE INVENTION

The primary objective of the present invention is to
provide a method for manufacturing microchip antenna
comprises a dielectric substrate having antennal radiated
conductor paths composing of a single-feeding end or mul-
tiple-feeding ends and multiple-curved paths; the dielectric
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substrate having the antennal radiated conductor paths being
packaged by the material capable of adjusting easily dielec-
tric constant; and an antennal object including antennal
radiated conductor paths, feeding points, welding sports and
packaging materials.

Furthermore, the resin-ceramic compound material
capable of fine-adjusting the dielectric constant thereof
easily is processed into thermal plastic high molecular
materials, or thermal setting high molecular materials, and
ceramic powders or fiber with various components and
ratios; the dielectric constant is adjusted by adjusting the
components and ratios.

The conductor loop is processed by the ways of exposure,
development, etching, electroplating, non-electroplate,
screen printing sintering, sputtering or printing as to estab-
lish the conductor loop on a dielectric substrate with a
specific dielectric constant. The dielectric substrate with the
conductor paths is packaged by embedding type injection
molding, two-material injection molding, mold-filling,
screen thick firm printing, transfer printing or stacking so as
to package dielectric material to the dielectric substrate with
conductor paths.

DETAILED DESCRIPTION OF THE
INVENTION

In order that those skilled in the art can further understand
the present invention, a description will be described in the
following in details. However, these descriptions and the
appended drawings are only used to cause those skilled in
the art to understand the objects, features, and characteristics
of the present invention, but not to be used to confine the
scope and spirit of the present invention defined in the
appended claims.

The present invention is related to a method for manu-
facturing a microchip antenna. The method applies a simu-
lation software to establish a simulated framework of a
microchip antenna. Then the conductor loop is processed by
the ways of exposure, development, etching, electroplating,
non-electroplate, screen printing sintering, sputtering or
printing so as to establish the conductor loop on a dielectric
substrate with a specific dielectric constant. The dielectric
constant of dielectric substrate can be defined between 2 to
30. Besides the dielectric substrate can be one of a printed
circuit board, a plastic board, a resin board, a resin-ceramic
compound board, a ceramic board or a wafer according to
actual needs of manufacturers. By using the dielectric sub-
strate, the resin-ceramic compound board or plastic board
with a specific dielectric constant is packaged into dielectric
substances with conductor paths thereon. That uses the
techniques of embedding type injection molding, two-ma-
terial injection molding, mold-filling, screen thick firm print-
ing, transfer printing or stacking to form the micro-antenna
finally. The dielectric constant of packaging material is
changed slightly by the ways of adjusting antenna of reflec-
tion loss and central frequency.

The resin of the above-mentioned resin-ceramic com-
pound board is one of a thermal plastic high molecular
material or a thermal setting high molecular material. The
dielectric substrate may be a single-layer substrate or a
multi-layers substrate with the same or different dielectric
constants.

Referencing to FIGS. 1 and 2, an embodiment of the
invention is based on a dielectric substrate 1, forming by a
printed circuit board, a resin board, a resin-ceramic com-
pound board, a ceramic board or a wafer. The conductor loop
2 is established by various composing methods, such as
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exposure, development, etching, electroplating or non-elec-
troplating. The conductor loop 2 contains one feeding point
3 which passes through the dielectric substrate 1 to another
feeding point 3 on the other side of dielectric substrate 1.
The alternative way is to drill holes in the dielectric substrate
1 and constitute the extending conductor loop for increasing
the length of the conductor. Then, a packaging material, in
this embodiment a resin-ceramic compound board 4, com-
prised of a material capable of fine-adjusting the dielectric
constant thereof easily, is packaged over the conductor loop
by using the techniques of injection molding, mold-filling,
thick firm printing, screen printing, transfer printing or
stacking. The dielectric constant of the resin-ceramic com-
pound board 4 is changed for adjusting the central frequency
of the reflection loss of the antenna.

The above-mentioned packaging material (resin-ceramic
compound board 4) comprises thermal plastic high molecu-
lar materials or thermal setting high molecular materials, and
ceramic powders or fiber with various components and
ratios. The dielectric constant is adjusted by adjusting the
components and ratios.

Referencing to Table 1 and 2, two types o antenna are
presented to show different influences for their various
designs of applying environmental antennal reflection loss
for changing dielectric constant in the central frequency of
resin-ceramic compound board.

Tables 1 and 2 illustrate that it is unnecessary to change
the framework of the lower substrate 1 of the antenna and
the conductor loop 2, while it is only necessary to change the
component (or dielectric constant) of packaging material 4
(e.g. resin-ceramic compound board), so that a unique
microchip antenna can be produced.

TABLE 1
Dielectric constant of Central
resin-ceramic Environment of nearby Frequency Bandwidth
compound board  antenna (GHz) (MHz)
5.0 air 2.31 200
5.0 Casing of net wires and 2.18 180
net cards
4.0 air 2.46 220
4.0 Casing of net wires and 2.34 190
net cards
3.7 Air 2.53 220
3.7 Casing of net wires and 241 200
net cards
TABLE 2
Dielectric constant of Central
resin-ceramic Environment of nearby Frequency Bandwidth
compound board  antenna (GHz) (MHz)
27 Air 2.40 160
27 Casing of net wires and 2.34 160
net cards
26 Air 2.45 180
26 Casing of net wires and 2.38 170
net cards
25 Air 2.54 180
25 Casing of net wires and 246 170
net cards

The packaging material 4 and the dielectric substrate 1
having antenna radiation conductor paths can be packaged
by the ways of single surface packaging, or by double
surface packaging as illustrated in FIGS. 3 and 4. Or as
illustrated in FIGS. 5 and 6, the invention also can be
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packaged by the way of partial single surface packaging. Or
as illustrated in FIGS. 7 and 8, it can be packaged by the way
of partial double surface packaging.

In the above-mentioned single surface or double surface
packaging, the size of packaging material can be a partial
section of the lower substrate 1, and the other part of the
substrate 1 is uncovered (or fill by air). So the surface
package can combine with any non-packaging material 4 to
be the component (e.g. the other partial section can be
another material, which is different form packaging material
4)

In other words, the above-mentioned packaging material
4 can be composed by two or more different materials. To
sum up, the invention proposes the method for manufactur-
ing microchip antenna, and the method is a creative and
progressive design undoubtedly.

The present invention is thus described, and it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the present invention, and all such
modifications as would be obvious to one skilled in the art
are intended to be included within the scope of the following
claims.

What is claim is:

1. A method for manufacturing microchip antenna com-
prising the steps of:

forming on a dielectric substrate antenna radiation con-

ductor paths comprising at least one feeding point and
multiple-curved paths;

packaging said dielectric substrate with a packaging mate-

rial having a dielectric constant that is easily adjustable,
wherein a central frequency of the antenna is adjusted
by adjusting the dielectic constant of the packaging
material;

wherein said packaging material comprises thermal plas-

tic high molecular materials or thermal setting high
molecular materials, and ceramic powders or fiber with
various components and ratios; wherein the dielectric
constant is adjusted by adjusting the components and
ratios; and

wherein the dielectric substrate with the conductor paths

is packaged by embedding type injection molding,
two-material injection molding, mold-filling, screen
thick film printing, or transfer printing so as to package
the dielectric substrate with said packaging material.

2. The method for manufacturing microchip antenna as
claimed in claim 1, wherein the dielectric substrate is one of
a printed circuit board, a plastic board, a resin-ceramic
compound board, a ceramic board and a wafer.

3. The method for manufacturing microchip antenna as
claimed in claim 2, wherein the resin of a resin board and a
resin-ceramic compound board is one of a thermal plastic
high molecules material and thermal setting high molecules
material.

20

25

30

35

45

50

6

4. The method for manufacturing microchip antenna as
claimed in claim 2, wherein the dielectric substrate is formed
using a single layer of substrate or multiple layers of
substrate with the same dielectric constant or various dielec-
tric constants.

5. The method for manufacturing microchip antenna as
claimed in claim 1, wherein the packaging material and the
dielectric substrate are packaged by the way of single
surface packaging.

6. The method for manufacturing microchip antenna as
claimed in claim 1, wherein the packaging material and the
dielectric substrate are packaged by way of partial single
surface packaging.

7. The method for manufacturing microchip antenna as
claimed in claim 1, wherein the packaging material and the
dielectric substrate are packaged by way of partial double
surface packaging.

8. A method for manufacturing microchip antenna com-
prising the steps of:

forming on a dielectric substrate antenna radiation con-

ductor paths comprising at least one feeding point and
multiple-curved paths;

providing a packaging material having a dielectric con-

stant that is easily adjustable, the packaging material
comprising thermal plastic high molecular materials or
thermal setting high molecular materials and ceramic
powders or fiber with various components and ratios,
wherein the dielectric constant of the packaging mate-
rial is adjusted by adjusting the components and ratios
to obtain a desired dielectric constant;

injection molding said packaging material on said dielec-

tric substrate to form a package for said dielectric
substrate, wherein a central frequency of the antenna is
set according to said dielectic constant of the packaging
material.

9. A method for manufacturing microchip antenna com-
prising the steps of:

forming on a dielectric substrate antenna radiation con-

ductor paths comprising at least one feeding point and
multiple-curved paths;

providing a packaging material having a dielectric con-

stant that is easily adjustable, the packaging material
comprising thermal plastic high molecular materials or
thermal setting high molecular materials and ceramic
powders or fiber with various components and ratios,
wherein the dielectric constant of the packaging mate-
rial is adjusted by adjusting the components and ratios
to obtain a desired dielectric constant; and

forming a package for said dielectric substrate from said

packaging material;

whereby a central frequency of the antenna is set by the

dielectic constant of the packaging material.
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1
MULTIPLE MONOPOLE ANTENNA

FIELD OF THE INVENTION

The present invention relates to antennas generally.

BACKGROUND OF THE INVENTION

The following publications are believed to represent the
current state of the art: U.S. Pat. Nos. 6,853,339, 5,617,102
and 4,218,685.

SUMMARY OF THE INVENTION

The present invention seeks to provide an improved
antenna.

There is thus provided a multiple monopole antenna
including a looped conductor having at least two conductive
arms extending therefrom and a common feed point located
on the looped conductor.

In accordance with a preferred embodiment of the present
invention the multiple monopoles resonate in at least two
cellular communications bands. Preferably, at least two of
the at least two arms define end portions which are arranged
in mutually spaced, overlapping orientations. Additionally
or alternatively, the looped conductor and the at least two
conductive arms are formed of a single conductive element

In accordance with another preferred embodiment of the
present invention the looped conductor generally lies in a
first plane which is angled with respect to a second plane in
which lie that at least two conductive arms. Preferably, the
first plane is angled with respect to the second plane by
90-135 degrees.

In accordance with yet another preferred embodiment of
the presents invention at least two of the at least two
conductive arms have a common near field. Preferably, the
location of the common feed point determines relative
impedances of multiple monopoles defined by the at least
two conductive arms. Additionally and alternatively, the
multiple monopole antenna also includes a feed portion
which is galvanically coupled to the common feed point.
Preferably, the location is influenced by at least one of the
length of the feed portion, curvature of the feed portion and
spacing of the feed portion.

There is also provided in accordance with another pre-
ferred embodiment of the present invention a multiple
monopole antenna including a conductor having at least two
conductive arms extending therefrom and a common feed
point located on the conductor, wherein at least two of the
at least two arms define end portions which are arranged in
mutually spaced, generally parallel orientations such that the
end portions have a common near field.

In accordance with a preferred embodiment of the present
invention, the multiple

monopoles resonate in at least two cellular communications
bands. Preferably, a location of the common feed point
determines relative impedances of multiple monopoles
defined by the at least two conductive arms.

In accordance with another preferred embodiment of the
present invention the multiple monopole antenna also
includes a feed portion which is galvanically coupled to the
common feed point. Preferably, the location is influenced by
at least one of the length of the feed portion, curvature of the
feed portion and spacing of the feed portion.

20

35

40

45

50

55

60

65

2
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated
more fully from the following detailed description, taken in
conjunction with the drawings in which:

FIG. 1 is a simplified exploded view pictorial illustration
of an antenna constructed and operative in accordance with
a preferred embodiment of the present invention;

FIG. 2 is a simplified pictorial illustration of the antenna
of FIG. 1 in one feed location arrangement;

FIG. 3 is a simplified exploded view pictorial illustration
of an antenna constructed and operative in accordance with
another preferred embodiment of the present invention; and

FIG. 4 is a simplified pictorial illustration of the antenna
of FIG. 3 in one feed location arrangement.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

Reference is now made to FIG. 1, which is a simplified
exploded view pictorial illustration of an antenna con-
structed and operative in accordance with a preferred
embodiment of the present invention. As seen in FIG. 1, the
antenna is a multiple monopole antenna which includes a
looped conductor feed portion 10 having two conductive
arm portions, respectively designated by reference numerals
12 and 14, extending therefrom. The antenna may advanta-
geously be formed of a single conductive element, which is
preferably a straight-gauge wire, having a suitable degree of
spring tempering. The looped conductor feed portion 10 is
closed into a loop at a loop closing point 15 in any of a
plurality of suitable ways, such as, for example, over-
bending the looped conductor which results in spring tension
that compresses the element in such a way to close the loop.
An additional example of a suitable way of closing looped
conductor feed portion 10 include using a non-conductive
carrier, such as a plastic carrier which maintains the align-
ment of the different parts of the antenna and soldering the
antenna at the loop closing point 15.

Alternately, the looped conductor feed portion 10 may be
left open, such that the parallel conductors of the feed form
an “hour-glass” shaped gap of suitable distance, in order to
further improve the impedance match of the antenna, by
varying the size of the “hour-glass™ shaped gap which alters
the RF coupling in the looped conductor feed portion 10.

A common feed point 16 may be located at a desired
location on the looped conductor feed portion 10. The
looped conductor feed portion 10 preferably generally lies in
a plane which is angled by approximately 90-135 degrees
with respect to a plane in which lie the conductive arm
portions 12 and 14.

It is a particular feature of the present invention that arms
12 and 14 define end portions, respectively designated by
reference numerals 18 and 20, which are arranged in mutu-
ally spaced, overlapping orientations and have a common
near field.

It is appreciated that more than two conductive arms may
be provided. In such a case, as well, the location of the
common feed point on the looped conductor determines the
relative impedances of multiple monopoles defined by the
conductive arms. Preferably the multiple monopoles reso-
nate in at least two different cellular communications bands.

A feedline 22 may be galvanically coupled to any suitably
located feed point 16 on the looped conductor feed portion
10. Criteria which may influence the location of the feed
point include the length, curvature and spacing of the looped
conductor feed portion 10, as well as the relative length,
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curvature, coupling gap and orientation of arms 12 and 14
with respect to the looped conductor feed portion 10. The
length of the looped conductor feed portion 10 is indicated
by distance L, and the spacing thereof is indicated by
distance D in FIG. 1.

The antenna and the antenna feedline 22 of FIG. 1 are
shown galvanically coupled at a preferred feed point 24 in
FIG. 2.

It is appreciated that the antenna of FIGS. 1 and 2 is
preferably operated as an unbalanced antenna, which
requires a suitably sized GND or counterpoise for optimal
bandwidth and radiation efficiency.

Reference is now made to FIG. 3, which is a simplified
exploded view pictorial illustration of an antenna con-
structed and operative in accordance with a preferred
embodiment of the present invention. As seen in FIG. 3, the
antenna is a multiple monopole antenna which includes a
feed connection portion 30 having two generally parallel
spaced conductive arm portions, respectively designated by
reference numerals 32 and 34, extending therefrom. A
common feed point 36 may be located at a desired location
on the feed connection portion 30. The antenna may advan-
tageously be formed of a single conductive element.

The feed connection portion 30 preferably includes a
generally planar bent region 40 and a generally planar
intermediate region 42 which extends in an inclined direc-
tion with respect to the plane of region 40 and interconnects
region 40 with conductive arm portions 32 and 34 which
preferably lie in a plane parallel to and spaced from the plane
of region 40.

It is a particular feature of the present invention that arms
32 and 34 define end portions, respectively designated by
reference numerals 48 and 50, which are arranged in mutu-
ally spaced orientations which are typically parallel, and
have a common near field.

It is appreciated that more than two conductive arms may
be provided. In such a case, as well, the location of the
common feed point on the looped conductor determines the
relative impedances of multiple monopoles defined by the
conductive arms. Preferably the multiple monopoles reso-
nate in at least two different cellular communications bands.

A feedline 52 may be galvanically coupled to any suitably
located feed point 36 on the feed connection portion 30.
Criteria which may influence the location of the feed point
include the length, curvature and spacing of the feed con-
nection portion 30, as well as the relative length, curvature,
coupling gap, element spacing and orientation of arms 32
and 34 with respect to the feed connection portion 30. The
spacing of the feed connection portion 30 is indicated by
distance D1, and the element spacing of arms 32 and 34 is
indicated by distance D2 in FIG. 3.

The antenna and the feedline 52 of FIG. 3 are shown
galvanically coupled at a preferred feed point 54 in FIG. 4.

It is appreciated that the antenna of FIGS. 3 and 4 is
preferably operated as an unbalanced antenna, which
requires a suitably sized GND or counterpoise for optimal
bandwidth and radiation efficiency.

It is appreciated by persons skilled in the art that the
present invention is not limited by what has been particu-
larly shown and described hereinabove. Rather the scope of
the present invention includes both combinations and sub-
combinations of various features described hereinabove as
well as variations and modifications thereto which would
occur to a person of skill in the art upon reading the above
description and which are not in the prior art.
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The invention claimed is:

1. A multiple monopole antenna comprising:

a looped conductor having at least two conductive arms
extending therefrom and a common feed point located
on said looped conductor,

said at least two conductive arms defining at least two
monopoles, and

at least two of said at least two arms defining end portions
which are arranged in mutually spaced, overlapping
orientations.

2. A multiple monopole antenna comprising:

a looped conductor having at least two conductive arms
extending therefrom and a common feed point located
on said looped conductor,

said at least two conductive arms defining at least two
monopoles, and

said looped conductor and said at least two conductive
arms being formed of a single conductive element.

3. A multiple monopole antenna comprising:

a looped conductor having at least two conductive arms
extending therefrom and a common feed point located
on said looped conductor,

said at least two conductive arms defining at least two
monopoles, and

said looped conductor generally lying in a first plane
which is angled with respect to a second plane in which
lie said at least two conductive arms.

4. A multiple monopole antenna according to claim 3 and
wherein said first plane is angled with respect to said second
plane by 90-135 degrees.

5. A multiple monopole antenna comprising:

a looped conductor having at least two conductive arms
extending therefrom and a common feed point located
on said looped conductor,

said at least two conductive arms defining at least two
monopoles, and

at least two of said at least two conductive arms having a
common near field.

6. A multiple monopole antenna comprising:

a looped conductor having at least two conductive arms
extending therefrom and a common feed point located
on said looped conductor,

said at least two conductive arms defining at least two
monopoles, and

a location of said common feed point determining relative
impedances of multiple monopoles defined by said at
least two conductive arms.

7. A multiple monopole antenna according to claim 6, and
also comprising a feed portion which is galvanically coupled
to said common feed point.

8. A multiple monopole antenna according to claim 7, and
wherein said location is influenced by at least one of the
length of said feed portion, curvature of said feed portion
and spacing of said feed portion.

9. A multiple monopole antenna comprising a conductor
having at least two conductive arms extending therefrom
and a common feed point located on said conductor,

wherein at least two of said at least two arms define end
portions which are arranged in mutually spaced, over-
lapping orientations such that said end portions have a
common near field.

10. A multiple monopole antenna according to claim 9 and
wherein said multiple monopoles resonate in at least two
cellular communications bands.

11. A multiple monopole antenna according to claim 9,
and wherein a location of said common feed point deter-
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mines relative impedances of multiple monopoles defined by 13. A multiple monopole antenna according to claim 12,
said at least two conductive arms. and wherein said location is influenced by at least one of the
12. A multiple monopole antenna according to claim 9, length of said feed portion, curvature of said feed portion

and also comprising a feed portion which is galvanically and spacing of said feed portion.

coupled to said common feed point. I T S
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(57) ABSTRACT

A telecommunication device has a permanently mounted
antenna tuned to a predetermined resonant frequency and a
housing formed of a plurality of parts one of which is remov-
able. The one removable part, which may be an original
element or an aftermarket add-on, changes the resonant fre-
quency of the antenna when fitted to the housing. An electri-
cally conductive passive correction element fixed in the one
removable housing part is positioned therein and dimen-
sioned such that when the one removable housing part is fitted
to the housing the passive correction element cancels out the
effect on the resonant frequency of the antenna by the one
removable housing part.
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1
TELECOMMUNICATION ANTENNA

FIELD OF THE INVENTION

The present invention relates to an antenna. More particu-
larly this invention concerns a telecommunication antenna for
a cell phone, portable computer, walkie-talkie, or the like for
sending and receiving radio signals.

BACKGROUND OF THE INVENTION

A mobile telecommunication device such as a cellular
telephone, portable computer, or radio handset, has at least
one radiator formed by an electrical conductor for transmit-
ting and receiving communications data and having a reso-
nant frequency that is tuned to a specific band. Such a radiator
is mounted at least partially inside a housing together with at
least one other housing part for the communications device.

Such antennas are known from the prior art and are con-
stituted for example as rod antennas, helical antennas, or
monopole or dipole antennas, as well as PIFA’s (planar
inverted f-antennas) in various telecommunication devices.
Modern telecommunication devices, whether cell phones,
portable computers such as notebooks or PDA’s (personal
digital assistants), radio handsets, or the like, are being
designed in increasingly smaller sizes to enhance the conve-
nience of such devices. At the same time, such telecommu-
nication devices incorporate a continuously increasing num-
ber of functions.

In particular cell phones now serve many different func-
tions. They may now be used to take photographs, play music,
receive e-mail, access internet services, etc. The integration
of more and more functions with the simultaneous miniatur-
ization of the devices imposes high demands on the individual
components, in particular their size.

Among other components, the antennas of such devices
have increasingly become the object of specific improve-
ments, in particular structural miniaturization. However, this
must be balanced with the requirement for the best possible
transmitting and receiving power, also in multiple frequency
bands.

A further problem for antennas for telecommunication
devices is the alteration ofthe antenna’s characteristics by the
device’s housing. Depending on a number of factors, such as
material and color, for example, a shift occurs in the resonant
frequency of the radiator for the antenna, thereby affecting its
transmitting and receiving power. Furthermore, in particular
for cell phones, numerous exchangeable housing parts such
as face plates, back shells, or battery covers are offered to
customize the design of the device. In addition to various
colors, frequently created using metallized paints or metal-
filled plastics that affect an antenna’s tuned frequency, there
are also housing parts made of a variety of materials, such as
of plastic with additional leather or fabric applications.

A method not documented in the published prior art for
providing an antenna that tolerates such variable circum-
stances consists in the use of antennas having a large band-
width and consequently a larger size. However, this conflicts
with the above-mentioned requirements for increasingly
smaller components, in addition to smaller antennas.

It is also known from U.S. Pat. No. 6,680,703 to provide a
system of several varactors to allow tuning of a narrow-band
antenna. Such a system does indeed allow a technician to fix
a detuned antenna, but is not readily applicable, and is fairly
expensive because of the active circuit elements used, that is
the varactor diodes. It is not usable, for instance, in a cheap
replacement back shell that is going to be installed by a
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technically unsophisticated user, and that might be purchased
solely to give the electronic device in question a certain decor.

OBIECTS OF THE INVENTION

It is therefore an object of the present invention to provide
an improved system for upgrading a housing of an electronic
device without deleteriously affecting the tune of its antenna.

Another object is the provision of such an improved system
for upgrading a housing of an electronic device without del-
eteriously affecting the tune of its antenna that overcomes the
above-given disadvantages, in particular that allows, for
instance, a cell-phone back shell to be replaced with another
of different design, e.g. material, without detuning the
phone’s antenna.

SUMMARY OF THE INVENTION

The instant invention relates to a telecommunication
device having a permanently mounted antenna tuned to a
predetermined resonant frequency and a housing formed of a
plurality of parts one of which is removable. The one remov-
able part, which may be an original element or an aftermarket
add-on, changes the resonant frequency of the antenna when
fitted to the housing. According to the invention an electri-
cally conductive passive correction element fixed in the one
removable housing part is positioned therein and dimen-
sioned such that when the one removable housing part is fitted
to the housing the passive correction element cancels out the
effect on the resonant frequency of the antenna by the one
removable housing part.

The obvious advantage of the antenna according to the
invention is that this antenna need be optimized only for the
transmitting and receiving power in the corresponding fre-
quency band, without having to take into account the effects
on the resonant frequency of the radiator caused by the
removable housing part. The shift in the resonant frequency
of the antenna’s radiator caused by the housing part is com-
pensated for by the passive correction element provided on
the housing part. It is thus possible to provide a universal,
compact antenna for various telecommunication devices in
which the adaptation to the particular telecommunication
device or housing thereof is performed by the passive correc-
tion element. Provision of the passive correction element,
which canbe a simple and cheap part as compared to an active
element such as a varactor, makes the invention particularly
advantageous.

Itisknown fromunrelated prior art, namely, Siemens Tech-
nology Report, Vol. 4, No. 13/2001, page 121, to change a
radiator of an antenna provided for a specific frequency band.
Thus, for a cell phone that transmits and receives in the 1800
MHz band, for example, this radiator may be exchanged for a
radiator for the 1900 MHz band. It is also known from the
cited publication to replace the entire antenna comprising
multiple radiators. In this case, however, no correction of the
resonant frequency is performed, and instead, transmitting
and receiving by means of one resonant frequency in favor of
another resonant frequency is omitted.

A correction element is known from DE 101 10 982 that
corrects the SAR value of an antenna. The SAR value indi-
cates the portion of the antenna power that is absorbed by the
human body. The purpose of this correction element is to
allocate in a targeted manner any electrical current flowing on
the printed circuit board, from one more of the local current
maxima to the correction element, so that when the cell phone
is in use the local distribution of the overall resulting electrical
current on the printed circuit board and the auxiliary element,
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viewed as a whole, is equalized, thereby displacing the origi-
nal current maxima to a region of the device that is not critical
for the user.

However, such correction elements do not take the resonant
frequency of the antenna, in particular of the radiator(s), into
account.

A further embodiment of the invention is characterized in
that for a multiband antenna, the antenna for transmitting and
receiving communications data in multiple frequency bands
forms a radiator for each frequency band with a correspond-
ingly adapted resonant frequency, at least one radiator being
situated at least partially inside the housing part, and at least
one correction element provided on the housing part compen-
sating for the influences of this housing part on the resonant
frequency of at least one radiator, thereby allowing the pre-
viously mentioned advantages to be realized for multiband
antennas as well.

In one particularly preferred embodiment, the one radiator
for a housing comprising multiple housing parts is situated at
least partially inside a first housing part, and the resonant
frequency of the radiator is adapted to this housing part, and
the correction element is provided on another housing part
and compensates for the influences of the other housing part
on the resonant frequency of the at least one radiator.

Such an antenna is particularly suited for cell phones that
are designed from the outset for customization using addi-
tional exchangeable housing parts, in particular back shells
and/or battery covers. Adaptation of the resonant frequency
of'the antenna typically takes place on the permanent housing
part, e.g. normally the front housing part holding the circuit
board itself carrying the display, keypad, and battery connec-
tion. Provided that the housing parts, among others, offered
also by third-party manufacturers advantageously have a cor-
rection element, a variety of materials may be used for manu-
facturing the replacement removable housing part without
concern for the negative influences on the transmitting and
receiving power of the radiator of the antenna for the cell
phone.

Depending on the type of housing part, the passive correc-
tion element provided on the housing part may be designed as
a parasitic correction element, and may be capacitively and/or
inductively coupled to the radiator. Alternatively, the passive
correction element may be galvanically connected to the
radiator.

When the radiator and correction element are galvanically
connected to one another, the galvanic connection is advan-
tageously provided in a simple manner by at least one spring
contact. This spring contact may be a unitary part of the
correction element situated on the removable housing part, or
of the radiator situated inside the permanent housing part.

For a multiband antenna having multiple radiators, each of
which has a resonant frequency that is adapted to a specific
frequency band, a single passive correction element provided
on the housing part is able to compensate for the influences of
the housing part on the respective resonant frequencies of one
or more radiators.

Alternatively, each radiator may be associated with a
respective correction element that is provided on the remov-
able housing part and that compensates for the influences of
the removable housing part on the resonant frequency of the
permanently mounted antenna.

Lastly, multiple correction elements may also be provided
on the removable housing part that compensate for the influ-
ences of the housing part on the resonant frequencies of
multiple radiators on the permanent part.
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In one further advantageous embodiment, the passive cor-
rection element is integrated in the removable housing part in
order to make optimal use of the space within the housing.

The passive correction elements are preferably designed as
a stamped part from a metal sheet or a foil.

BRIEF DESCRIPTION OF THE DRAWING

The above and other objects, features, and advantages will
become more readily apparent from the following descrip-
tion, it being understood that any feature described with ref-
erence to one embodiment of the invention can be used where
possible with any other embodiment and that reference
numerals or letters not specifically mentioned with reference
to one figure but identical to those of another refer to structure
that is functionally if not structurally identical. In the accom-
panying drawing:

FIG. 1is vertical section through a prior-art cell phone with
an antenna,

FIG. 2 is a rear view of the FIG. 1 prior-art phone with the
rear shell removed for clarity of view;

FIGS. 3 and 4 are views like respective FIGS. 1 and 2 of
another prior-art cell phone;

FIG. 5 is a front view of a rear shell according to the
invention;

FIGS. 6 and 7 are views like respective FIGS. 1 and 2 of a
cell phone with the rear shell of FIG. 5;

FIGS. 8 and 9 are views like respective FIGS. 1 and 2 of the
second embodiment of the invention; and

FIGS. 10 and 11 are views like respective FIGS. 1 and 2 of
the third embodiment of the invention.

SPECIFIC DESCRIPTION

In the following description and in the drawing, the inven-
tion is shown with reference to a cell phone. However, it is
understood as a matter of course that the invention is not
limited to cell phones as such; rather, the invention may find
application for any telecommunication device having an
antenna situated at least partially inside a housing.

In the drawing reference numeral 10 indicates a cell phone
as a whole. This cell phone 10 comprises a rear housing part
that is also referred to as a back shell 11, at least one radiator
12 for an antenna for transmitting and receiving communica-
tion signals, and a printed circuit board 13 having a rear face
turned toward the shell 11 and carrying unillustrated circuit
elements and a front face turned away from the shell and
carrying the standard display and keypad. The board 13 and
back shell 11 form a housing 23. A schematically shown
battery module is shown 14. As is customary for most cell
phones 10, the radiator 12 for the antenna is part of a PIFA.

FIGS. 1 and 2 show an antenna whose radiator 12 transmits
and receives communications data in two frequency bands. In
contrast, FIGS. 3 and 4 show a prior-art cell phone having a
multiband antenna with an additional parasitic radiator 15.
This radiator 15 is electromagnetically excited by the radiator
12 and is used for transmitting and receiving communications
signals in an additional frequency band. The radiators 12 and
15 are connected to a HF source on the printed circuit board
13 via contacts 16.

FIG. 5 shows once again a housing part according to the
invention, namely, a replacement back shell 17. This replace-
ment back shell 17 may also be a battery cover. The replace-
ment back shell 17 has passive correction elements 18. These
correction elements 18 are preferably designed as parts
stamped from a metal sheet or foil, for example, and have
spring contacts 19 for galvanic connection to the radiator 12
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of the cell phone 10. The spring contacts 19 are designed as
integral parts of the correction elements 18, and have an
elastic pretension directed toward the radiator 12.

In FIGS. 6 and 7 the housing part 17 according to the
invention is fitted to a cell phone 10 according to FIGS. 3 and
4. In the sectional side view of FIG. 7, the galvanic contact of
the passive correction elements 18 to the radiator 12 via the
spring contacts 19 is easily seen, only the spring contacts 19
for the perpendicularly aligned correction element 18 being
shown.

FIG. 6 is a rear view of the cell phone 10 with a mounted
replacement back shell 17 according to FIG. 5. The rear part
of'the back shell 17 is cut away in the plane of the drawing to
reveal the interior of the cell phone 10.

The effect of the replacement back shell 17 of the cell
phone 10 on the resonant frequency of the radiators 12 and 15
may be compensated for by means of the correction elements
18. In the illustration of FIG. 4 it can be seen that the hori-
zontally aligned correction element 18 is an extension of an
arm 20 of the radiator 12. In contrast, the vertically aligned
correction element 18 bridges the vertically aligned, mean-
dering region of the radiator 12, clearly visible in FIG. 4,
thereby shortening the radiator 12 in this region.

The passive correction elements 18 may be designed in
such a way that they likewise influence the resonant fre-
quency of the parasitic radiator 15. For this purpose (not
shown here), a galvanic connection between at least one
correction element 18 and the parasitic radiator 15, or also an
inductive and/or capacitive coupling of one or both correction
elements 18 to the parasitic radiator 15, is possible. The
elements 18 thus form parasitic correction elements 18 with
respect to the parasitic radiator 15.

FIGS. 8 and 9 show once again a cell phone 10 having a
replacement back shell 17 according to the invention. In this
embodiment, the correction elements 21 are parasitic correc-
tion elements 21 that are coupled inductively and/or capaci-
tively, not galvanically, to the radiator 12 in order to compen-
sate for the influences of the replacement back shell on the
resonant frequency of the radiator 12.

Finally, FIGS. 10 and 11 show once again a cell phone 10
having a replacement back shell 17 according to the inven-
tion, according to FIGS. 8 and 9. In contrast to the illustration
of FIGS. 8 and 9, there is a galvanic connection between the
correction elements 18 and the radiator 12. However, this is
achieved by means of spring contacts 22 that are formed by
the radiator 12. With reference to a comparable illustration in
FIGS. 9 and 11, it is clear that a replacement back shell 17
having passive correction elements 18 or 21 may provide
correction elements 18 for a galvanic coupling, or may pro-
vide parasitic correction elements 21 of identical design,
depending on whether the radiator 12 is furnished with spring
contacts 22.

In summary, the invention relates to an antenna for trans-
mitting and receiving communications data in one or more
frequency bands, which functions without special adaptation
to the housing or to specific housing parts. Adaptation to the
housing or to the housing parts is performed by passive cor-
rection elements provided on the corresponding housing or
housing part, so that compensation is made for the influences
of the housing or housing parts on the resonant frequency of
the antenna. Thus, an antenna is described that is optimized
for its transmitting and receiving power and has small space
requirements, and whose housing-specific adaptation is per-
formed by means of correction elements.

I claim:

1. In a telecommunication device having an antenna tuned
to a predetermined resonant frequency and a housing formed
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of a plurality of parts, one of the parts changing the resonant
frequency of the antenna, the improvement comprising

an electrically conductive passive correction element fixed

in the one housing part and positioned therein and
dimensioned such that the passive correction element
cancels out the effect on the resonant frequency of the
antenna by the one housing part.

2. The improvement defined in claim 1 wherein the antenna
has a plurality of radiators each tuned to a respective resonant
frequency, the one part carrying respective such passive cor-
rection elements each positioned and dimensioned to cancel
out the effect on the resonant frequency of the respective
radiator by the one housing part.

3. The improvement defined in claim 1 wherein the passive
correction element is a thin metal sheet fixed in the one
housing part.

4. The improvement defined in claim 3 wherein the passive
correction element is out of direct galvanic contact with the
antenna and operates parasitically.

5. The improvement defined in claim 3, further comprising

a spring contact engaged galvanically between the antenna

and the passive correction element.

6. The improvement defined in claim 5 wherein the spring
contact is unitarily formed with the passive correction ele-
ment.

7. The improvement defined in claim 5 wherein the spring
contact is fixed on the antenna.

8. The improvement defined in claim 1 wherein the antenna
has a plurality of radiators and the passive correction element
is juxtaposed with all of them.

9. The improvement defined in claim 1 wherein the antenna
is permanently mounted in the housing and the one part is
removable from the housing.

10. In a telecommunication device having a permanently
mounted antenna tuned to a predetermined resonant fre-
quency and a housing formed of a plurality of parts one of
which is removable, the one removable part changing the
resonant frequency of the antenna when fitted to the housing,
the improvement comprising

an electrically conductive passive correction element fixed

in the one removable housing part and positioned therein
and dimensioned such that when the one removable
housing part is fitted to the housing the passive correc-
tion element cancels out the effect on the resonant fre-
quency of the antenna by the one removable housing
part.

11. The improvement defined in claim 10 wherein the
permanently mounted antenna has a plurality of radiators
each tuned to a respective resonant frequency, the removable
part carrying respective such passive correction elements
each positioned and dimensioned to cancel out the effect on
the resonant frequency of the respective radiator by the one
removable housing part.

12. The improvement defined in claim 10 wherein the
passive correction element is a thin metal sheet fixed in the
removable housing part.

13. The improvement defined in claim 12 wherein the
passive correction element is out of direct galvanic contact
with the antenna and operates parasitically.

14. The improvement defined in claim 12, further compris-
ing

a spring contact engaged galvanically between the antenna

and the passive correction element.

15. The improvement defined in claim 14 wherein the
spring contact is unitarily formed with the passive correction
element.
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16. The improvement defined in claim 14 wherein the element is juxtaposed with all of them when the removable
spring contact is fixed on the antenna. housing part is fitted to the housing.

17. The improvement defined in claim 10 wherein the
antenna has a plurality of radiators and the passive correction ¥ % % % %
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1
DIRECTIONAL ANTENNA

BACKGROUND OF THE INVENTION

The present invention relates to a directional antenna and in
particular, the spacing between the radiating and directing
elements of the antenna.

In some radio communication applications, a radio opera-
tor finds it mandatory to communicate with a distant station
located in a particular direction. This is particularly important
for a radio operator when: a distant station is difficult to hear,
the distant station cannot hear the radio operator, or the radio
operator wishes to reduce adjacent station interference from
another station located in a different direction than the distant
station. To accomplish this task, directional antennas are
used. Directional antennas are used to boost the effective
transmitted radiated power and increase the receiving sensi-
tivity of a station to other stations in a desired direction.
Current solutions are found in multi-element antennas (such
as a Yagi or a Quad). These antennas generally contain ele-
ments which are separated by a half wavelength. Such anten-
nas are usually large in size and may be impracticable to erect
in certain locations. A large antenna is also susceptible to
wind loading (which could lead to eventual material failure).
Additionally, there is always a desire for an antenna with
higher performance.

U.S. Pat. No. 2,183,784 for “Directional Antenna,” dis-
closes an array of vertically spaced apart antennas. Each
antenna comprises a driven element and a directing element,
with the antennas vertically spaced apart by approximately
one half wavelength. The *784 patent discloses a maximum
gain with a horizontal spacing between the driven and direct-
ing elements of 0.2 wavelengths and a minimum back radia-
tion with a horizontal spacing between 0.25 and 0.3 wave-
lengths. While the antenna of the *784 patent achieves some
improvement over previous antennas, it also creates wind
load issues and even greater improvements are desired. The
*784 patent is herein incorporated by reference.

Therefore, a need remains for a directional antenna design
which possesses higher gain and a more compact design than
present technology antennas with larger footprints and a
lesser gain.

BRIEF SUMMARY OF THE INVENTION

The present invention addresses the above and other needs
by providing an antenna array including an upper antenna and
a lower antenna. Each antenna includes a driver dipole ele-
ment and a director element horizontally spaced apart
approximately one eighth wavelength from the driver dipole
element. The driver dipole element is preferably approxi-
mately one half wavelength in overall length and the director
element is preferably one half wavelength in length. The
upper antenna is vertically spaced above the ground by
approximately one wavelength and the upper and lower
antennas are vertically spaced approximately one half wave-
length apart. A preferred use of the antenna array is as an
amateur radio antenna and a preferred frequency band is 14.0
to 14.350 MHZ corresponding to an approximately 20 meter
wavelength.

In accordance with one aspect of the invention, there is
provided an antenna array including a vertical mast approxi-
mately one wavelength high and including a top, a horizontal
upper beam attached to the vertical mast proximal to the top,
a lower beam attached to the vertical mast approximately one
half wavelength below the upper beam, an upper antenna
supported by the upper beam, and a lower antenna supported
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by the lower beam. The upper antenna includes an upper
driven dipole element having a length of approximately one
half wavelength, and an upper directing element having a
length of approximately one half wavelength and horizontally
spaced apart approximately one eighth wavelength from the
upper driven dipole element and approximately parallel to the
upper driven dipole element. The lower antenna includes a
lower driven dipole element having a length of approximately
one half wavelength, and a lower directing element having a
length of approximately one half wavelength and horizontally
spaced apart approximately one eighth wavelength from the
lower driven dipole element and approximately parallel to the
lower driven dipole element. A first transmission line is
approximately one half wavelength in length and electrically
connects the upper driven dipole element to the lower driven
dipole element. A second transmission line has a length of an
integer multiple of one half wavelength and electrically con-
nects the top and bottom driven dipole elements to a trans-
mitter and a receiver.

In accordance with one aspect of the invention, there is
provided an amateur radio antenna array including a vertical
mast, and an upper antenna and a lower antenna. The vertical
mast is approximately 68 feet and six inches high and has a
top. An upper beam is attached to the vertical mast and resides
proximal to the top. An upper antenna is supported by the
upper beam and includes an upper driven dipole element
having a length of approximately 34 feet and three inches and
an upper directing element having a length of approximately
34 feet and three inches and horizontally spaced apart
approximately eight feet and six inches from the upper driven
dipole element and is approximately parallel to the upper
driven dipole element. A lower beam is attached to the mast
and vertically spaced apart approximately 34 feet and three
inches below the upper beam. A lower antenna is supported
by lower beam and includes a lower driven dipole element
having a length of approximately 34 feet and three inches and
a lower directing element having a length of approximately
34 feet and three inches and horizontally spaced apart
approximately eight feet and six inches from the lower driven
dipole element and approximately parallel to the lower driven
dipole element. A first 50 ohm transmission line approxi-
mately 34 feet and three inches in length electrically connects
the upper driven dipole element to the lower driven dipole
element and a second 50 ohm transmission line has a length of
an integer multiple of approximately 34 feet and three inches
and electrically connects the bottom driven dipole element to
a transmitter and a receiver.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The above and other aspects, features and advantages of the
present invention will be more apparent from the following
more particular description thereof, presented in conjunction
with the following drawings wherein:

FIG. 1 is a perspective view of an antenna array according
to the present invention.

FIG. 2 is an upper antenna of the antenna array according
to the present invention.

FIG. 3 is a plot comparing the directivity of an antenna
according to the present invention with a convention Yagi
antenna.

Corresponding reference characters indicate correspond-
ing components throughout the several views ofthe drawings.
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DETAILED DESCRIPTION OF THE INVENTION

The following description is of the best mode presently
contemplated for carrying out the invention. This description
is not to be taken in a limiting sense, but is made merely for the
purpose of describing one or more preferred embodiments of
the invention. The scope of the invention should be deter-
mined with reference to the claims.

A detailed perspective view of an antenna array 10 accord-
ing to the present invention is shown in FIG. 1. The antenna
array 10 includes an approximately vertical support (or mast)
11 having a top 11a and supporting an approximately hori-
zontal upper beam 13 residing proximal to said top 11a and an
approximately horizontal lower beam 15. Both the upper
beam 13 and the lower beam 15 are preferably connected to
the mast 11 at the midpoints of the beams 13 and 15to provide
a neutral mechanical balance. Upper beam 13 supports an
upper antenna 12 comprising an upper driven element 18 and
an upper directing element 20. The lower beam 15 supports a
lower antenna 14 comprising a lower driven element 22 and a
lower directing element 24.

The antenna array 10 according to the present invention
achieves a significant improvement in directivity by horizon-
tally spacing the upper and lower directing elements 20 and
24 approximately one eighth wavelength from the upper and
lower driven elements 18 and 22 respectively. A preferred
embodiment of the antenna array 10 according to the present
invention has a vertical spacing of one half wavelength of the
upper antenna 12 above the lower antenna 14, although per-
formance gains may be achieved by other vertical spacing.
Further, the addition of additional antenna elements such as
driven elements, directing elements, and the like, generally
reduces the performance of the antenna array 10 according to
the present invention. Therefore, the preferred antenna array
10 consists essentially of two vertically spaced apart antennas
with no additional vertically spaced apart antennas affecting
the directivity of the antenna array 10, and the antennas 12
and 14 preferably consist essentially of only the driven ele-
ments 18 and 22 and the directing elements 20 and 24 with no
additional elements affecting the directivity of the antenna
array 10. A first feed line 30 connects the upper driven ele-
ment 18 to the lower driven element 22, and a second feed line
32 connects the lower driven element to a transmitter/receiver
34.

A more detailed view of the upper antenna 12 is shown in
FIG. 2. The driven elements 18 and 22 and the directing
elements 20 and 24 preferably have lengths of approximately
one half wavelength. The upper driven element 18 is a dipole
comprising two coaxial elements 18a and 185 separated by
spacing S of preferably approximately two inches. The lower
antenna 14 preferably has the same or similar dimensions as
the upper antenna 12. The feed lines 30 and 32 are preferably
RG 8U 50 Ohm coaxial cable and the coaxial elements 18a
and 185 are connected to the feed line 30 through a typical
coaxial cable connector, for example, PL.-259 connector. The
first feed line 30 is preferably approximately one half wave-
length in length and the second feed line 32 is preferably an
integer multiple of one wavelength in length. The first feed
line and second feed line are connected by a “T” connector,
preferably also using PL-259 connectors.

The upper antenna 12 elements 18 and 20 are preferably
identical and parallel to the lower antenna 14 elements 22 and
24. Although the mast 11 is shown supporting both upper and
lower beams 13 and 15, other vertical support may be used,
and an antenna array comprising two vertically spaced apart
antennas comprising driven elements, and directing elements
spaced s wavelength from the driven elements, regardless of

20

25

30

35

40

45

50

55

60

65

4

the structure supporting the antennas, is understood to come
within the scope of the present invention.

The vertical support apparatus 11 is preferably a one wave-
length high vertical mast. An example of a suitable material
for a mast is approximately two inch outside diameter alumi-
num tubing but may be other materials depending on the
application or preferences of the builder.

A preferred application of the present invention is an ama-
teur radio (also known as HAM radio) antenna. Amateur
radio operates of a range of frequencies between 1.8 MHZ
and 440 MHZ. The different frequencies in this frequency
range provide better transmission depending on parameters
such as day/night, local/distant, sunspot activity, etc. An ama-
teur radio operator selects a band and uses an antenna
designed for the selected band. A popular band for amateur
radio world wide, day and night operation, is 14.0 to 14.350
MHZ having a center frequency of 14.175 MHZ with a wave-
length of approximately 20 meters.

An antenna array 10 suitable for the 14.0 to 14.350 MHZ
band has an approximately 68 feet and six inches high mast
11, antenna element 18, 20, 22, and 24 lengths of approxi-
mately 34 feet and three inches, a horizontal spacing between
driven elements 18 and 22 and directing elements 20 and 24
of approximately eight feet and six inches and a vertical
spacing between upper and lower antennas of approximately
34 feet and three inches. While the above dimensions apply to
an antenna for operation in the 14.0 to 14.350 MHZ band,
antennas with other dimensions sized for other bands with
approximately one eighth wavelength spacing between
driven and directing elements are intended to come within the
scope of the present invention. Example of other commonly
used amateur radio bands include:

Band (wavelength)  Frequency Typical Use
160 meters 1.8 t0 2.0 MHZ night
80 meters 3.5t04.0 MHZ night and local day
40 meters 7.0t0 7.3 MHZ night and local day
30 meters 10.1t0 10.15 MHZ CW and digital
20 meters 14.0 to 1435 MHZ  world wide day and night
17 meters 18.068 to 18.168 world wide day and night
15 meters 21.00 to 21.45 primarily daytime
12 meters 24.89 to 24.99 primarily daytime
10 meters 28.0to 29.7 Daytime during sunspot highs
6 meters 50 to 54 MHZ local to world wide
2 meters 144 to 148 MHZ local to medium distance
70 cm 430 to 440 MHZ local

The antenna array 10 of the present invention was initially
developed by building and testing antennas having element
spacing very different from known Yagi antennas. The par-
ticular antenna array resulting in the present design demon-
strated greatly improved and unexpected performance. Using
the new antenna array, the radio operator was able to com-
municate with other ham radio operators at great distances.
After observing such large and unexpected improvements,
computer models were used to compare the new antenna to a
conventional Yagi antenna, specifically a five element Yagi
antenna. Plots were generated of a vertical slice at 1° eleva-
tion angle for both antennas and the results are shown super-
imposed in FIG. 3. A beam pattern 50 an antenna according to
the present invention (shown as a solid line) is compared to a
beam pattern 52 for typical five element Yagi antenna (shown
as a dotted line). The plots show an increased directive (or
gain G) of the antenna according to the present invention of
approximately 5.65 dB. This increased directivity of the
antenna according to the present invention roughly corre-
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sponds to the improvement observed by the radio operator
and is both dramatic and unexpected. The beam 50 of the
antenna 10 has an effective elevation angle El of approxi-
mately 22 degrees due to the affect of the ground on the beam
50. Because radio operators are limited to a maximum trans-
mitting power, this increase directivity is a substantial advan-
tage. Additionally, the antenna array 10 obtains such an
improvement with a small number of elements reduces wind
loading, weight, cost, and construction time.

The present invention is herein described in an embodi-
ment having two vertically spaced apart antennas. While this
embodiment is viewed as being a preferred embodiment, in
some instances an antenna array with a single antenna may be
advantageous, and any antenna utilizing one eighth wave
length horizontal spacing between a driven element and a
directing element is intended to come within the scope of the
present invention.

While the invention herein disclosed has been described by
means of specific embodiments and applications thereof,
numerous modifications and variations could be made thereto
by those skilled in the art without departing from the scope of
the invention set forth in the claims.

I claim:

1. An antenna array comprising:

vertical support having a top;

a horizontal upper beam attached to said vertical support

and residing proximal to said top;

an upper antenna supported by said upper beam, said upper

antenna comprising:

an upper driven dipole element; and

an upper directing element horizontally spaced apart
approximately one eighth wavelength from said
upper driven dipole element and approximately par-
allel to said upper driven dipole element;

a horizontal lower beam attached to the said vertical sup-

port and vertically spaced apart below said upper beam;

a lower antenna supported by said lower beam, said lower

antenna comprising:

a lower driven dipole element; and

a lower directing element horizontally spaced apart
approximately one eighth wavelength from said lower
driven dipole element and approximately parallel to
said lower driven dipole element;

a first feed line electrically connecting said upper driven

dipole element to said lower driven dipole element; and
asecond feed line electrically connecting said lower driven
dipole element to a transmitter and a receiver.

2. The antenna array of claim 1, wherein the vertical sup-
port is approximately one wavelength high.

3. The antenna array of claim 2, wherein the vertical sup-
port is a vertical mast.

4. The antenna array of claim 3, wherein the lower beam is
spaced approximately one half wavelength below the upper
beam on the vertical mast.

5. The antenna array of claim 4, wherein said upper beam
and said lower beam are attached to said vertical mast at
midpoints of said upper beam and said lower beam.

6. The antenna array of claim 4, wherein the vertical mast
is approximately one wavelength high.

7. The antenna array of claim 1, wherein:

the first feed line has a length of approximately one half

wavelength in length; and

the second feed line has a length of an integer multiple of

one half wavelength.

8. The antenna array of claim 1, wherein the antenna array
is an antenna array for amateur radio.
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9. The antenna array of claim 8, wherein the antenna array
is an antenna array for amateur radio operating in a 14.0 to
14.350 MHZ band with an approximately 20 meter wave-
length.

10. An antenna array comprising:

a vertical mast approximately one wavelength high and

having a top;
an upper beam attached to said mast and residing proximal
to said top;
anupper antenna supported by said upper beam, said upper
antenna consisting essentially of:
an upper driven dipole element having a length of
approximately one half wavelength; and

an upper directing element having a length of approxi-
mately one half wavelength and horizontally spaced
apart approximately one eighth wavelength from said
upper driven dipole element and approximately par-
allel to said upper driven dipole element;

a lower beam attached to said mast and vertically spaced
apart below said upper beam;

a lower antenna supported by said lower beam, said lower
antenna consisting essentially of:

a lower driven dipole element having a length of
approximately one half wavelength; and

a lower directing element having a length of approxi-
mately one half wavelength and horizontally spaced
apart approximately one eighth wavelength from said
lower driven dipole element and approximately par-
allel to said lower driven dipole element;

a first transmission line having a length of approximately
one half wavelength electrically connecting said upper
driven dipole element and said lower driven dipole ele-
ment; and

a second transmission line having a length of an integer
multiple of one wavelength and electrically connecting
said lower driven dipole element to a transmitter and a
receiver.

11. The antenna array of claim 10, wherein the lower
antenna is vertically spaced apart approximately one half
wavelength below the upper antenna.

12. An amateur radio antenna array comprising:

a vertical mast approximately 68 feet six inches high and

having a top;
an upper beam attached to said mast and residing proximal
to said top;
anupper antenna supported by said upper beam, said upper
antenna comprising:
an upper driven dipole element having a length of
approximately 34 feet and three inches; and

an upper directing element having a length of approxi-
mately 34 feet and three inches and horizontally
spaced apart approximately 2.5 meters from said
upper driven dipole element and approximately par-
allel to said upper driven dipole element;

a lower beam attached to said mast and vertically spaced
apart below said upper beam;

a lower antenna supported by said lower beam, said lower
antenna comprising:

a lower driven dipole element having a length of
approximately 34 feet and three inches; and

a lower directing element having a length of approxi-
mately 34 feet and three inches and horizontally
spaced apart approximately 2.5 meters from said
lower driven dipole element and approximately par-
allel to said lower driven dipole element;
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a first 50 ohm transmission line approximately 34 feet and inches and electrically connecting said lower driven
three inches in length electrically connecting said upper dipole element to a transmitter and a receiver. .
driven dipole element to said lower driven dipole ele- 13. The amateur radio antenna array of claim 12, wherein

the lower antenna is vertically spaced approximately 34 feet

ment; and ¢
5 and three inches below the upper antenna.

a second 50 ohm transmission line having a length of an
integer multiple of approximately 34 feet and three * ok k& ok
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CHIRAL POLARIZATION ULTRAWIDEBAND
SLOT ANTENNA

The present application is a continuation-in-part of a U.S.
patent application titled: “System and method for ascertain-
ing angle of arrival of an electromagnetic signal,” filed Nov.
14,2003, Ser. No. 10/714,046, now U.S. Pat. No. 6,950,064,
published as Pub. No. US 2004/0239562 A1, by Schantz,
which claims the benefit of prior filed Provisional Patent
Application Ser. No. 60/433,637, filed Dec. 16, 2002, and
claims benefit of prior filed Provisional Patent Application
Ser. No. 60/438,724, filed Jan. 8, 2003.

BACKGROUND OF THE INVENTION

The present invention is directed to antennas for use with
ultrawideband (UWB) systems, particularly spiral type
antennas. Spiral antennas have long been used as frequency
independent, “dc-to-daylight” ultrawideband (UWB) anten-
nas. By scaling the spiral geometry over an arbitrarily large
range, a spiral antenna may be made sensitive to an arbitrarily
large bandwidth.

More recently, there has been interest in ultrawideband
antennas to meet the needs of commercial UWB systems
compliant with the 3.1-t0-10.6 GHz authorization by the Fed-
eral Communication Commission. More modern UWB
antennas suitable for use with these commercial UWB sys-
tems differ from classical “dc-to-daylight” UWB in two
important regards.

First, commercial UWB systems must meet a well-defined
mask covering about a 3:1 range of frequencies. Unlike clas-
sical “dc-to-daylight” UWB antennas for which more band-
width is always better, modern UWB antennas need just
enough bandwidth to enable their corresponding system to
meet the regulatory mask. Excessive bandwidth can be det-
rimental for modern UWB antennas because it opens the RF
front end to out of band emitters and worse, makes it more
difficult for an associated UWB system to meet the desired
mask.

Second, commercial UWB systems should ideally use low
dispersion antennas. Classical frequency independent anten-
nas radiate low frequency signals from a large scale section
and high frequency signals from a small scale section. This
variation in the location of the effective source of radiation
can cause dispersion. A dispersive antenna radiates a different
signal with different frequency components and phase rela-
tionships in different directions. This dispersion can have
serious negative impacts on the performance of a UWB sys-
tem.

Atthe same time though, spiral antennas have certain char-
acteristics that make them of value for the transmission and
reception of UWB signals. Spiral antennas are relatively
compact and also radiate and receive mixed or chiral polar-
ization signals.

Thus, there is a need for a spiral antenna with an ultraw-
ideband response but not so broadband as to make compli-
ance with a regulatory mask difficult. There is a further need
for a low dispersion spiral antenna.

SUMMARY OF THE INVENTION

A chiral polarization UWB slot antenna comprises a feed
region and opposing tapered slot lines along an arcuate path
of angle measure 360° or less. Opposing tapered slot lines
may terminate in bulbous ends and may be characterized by
animpedance profile such as an exponential or a Klopfenstein
impedance profile. In alternate embodiments, an arcuate path
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has an arc length substantially equal to a half wavelength at a
frequency of interest and an angle measure substantially
equal to 180°. In still further alternate embodiments an arcu-
ate path is substantially described by a radial variation with
respect to angle of r(¢p)=R sin ¢ where R is a constant that in
some embodiments is substantially equal to Y4 times wave-
length (R=A\/(2m)) at a particular frequency of interest. In
some embodiments, a frequency of interest lies substantially
within the range defined by 3.1 GHz to 10.6 GHz.

Alternatively, a chiral polarization UWB slot antenna com-
prises a substantially symmetric tapered slot that is generally
centered around a feed region and generally follows an arcu-
ate path. An arcuate path is preferentially compact, i.e., of
angle measure approximately less than or equal to 360° or
less. In alternate embodiments an arcuate path has an arc
length substantially equal to a half wavelength at a frequency
of interest and an angle measure substantially equal to 180°.
A substantially symmetric tapered slot may terminate in bul-
bous ends and may be characterized by an impedance profile
such as an exponential or a Klopfenstein impedance profile.

Itis, therefore, an object of the present invention to provide
a compact spiral antenna for UWB and other applications
with a non-dispersive response.

It is a further object of the present invention to provide a
UWB antenna capable of radiating and receiving chiral polar-
ization signals.

Further objects and features of the present invention will be
apparent from the following specification and claims when
considered in connection with the accompanying drawings,
in which like elements are labeled using like reference numer-
als in the various figures, illustrating the preferred embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a representative prior art
antenna array useful for radio direction finding operations.

FIG. 2 is a schematic diagram of electromagnetic signal
patterns associated with operating the orthogonal loop anten-
nas illustrated in FIG. 1.

FIG. 3 is a schematic diagram illustrating patterns of wave-
form inversions related to quadrant of arrival of an electro-
magnetic signal at an orthogonal loop antenna of the type
illustrated in FIG. 1.

FIG. 4 is a schematic diagram illustrating patterns of wave-
form inversions related to sector of arrival of an electromag-
netic signal at a multi-element antenna apparatus.

FIG. 5 is a schematic diagram illustrating details of the
preferred embodiment of an evaluation apparatus useful in
the system of the present invention.

FIG. 6 is a schematic diagram illustrating details of a first
alternate embodiment of an evaluation apparatus useful in the
system of the present invention.

FIG. 7 is a schematic diagram illustrating details of a
second alternate embodiment of an evaluation apparatus use-
ful in the system of the present invention.

FIG. 8 illustrates a planar antenna for use with the present
invention.

FIG. 9 illustrates a representative signal pattern of the
antenna of FIG. 8.

FIG. 10 illustrates a novel chiral polarization UWB slot
antenna.

FIG. 11 illustrates a dual horn antenna system for use with
the present invention.

FIG. 12 provides an isometric view of the dual horn
antenna system of FIG. 11.
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FIG. 13 illustrates shows a transmitter and a receiver
employed according to the teachings of the present invention.

FIG. 14 illustrates typical a typical transmitted signal and
received signals such as may be received by an antenna sys-
tem as taught by the present invention.

FIG. 15 is a flow chart illustrating the method of the present
invention.

FIG. 16 is a schematic diagram describing a typical spiral
slot geometry.

FIG. 17 provides a typical plot of slot width versus arc
angle.

FIG. 18 presents a typical plot of impedance versus arc
length.

FIG. 19 is a schematic diagram showing a front face of a
spiral slot antenna.

FIG. 20 is a schematic diagram showing a back face of a
spiral slot antenna.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The principle of reciprocity requires that reception and
transmission properties of an antenna be reciprocal so that
properties of an antenna are the same whether the antenna is
employed for receiving signals or is employed for transmit-
ting signals. Throughout this description, it should be kept in
mind that discussions relating to transmitting or transmis-
sions apply with equal veracity to reception of electromag-
netic energy or signals, and vice versa. In order to avoid
prolixity, the present description will focus primarily on
reception characteristics of antennas, with the proviso that it
is understood that transmission of energy or signals is also
inherently described.

FIG. 1 is a schematic diagram of a representative prior art
antenna array useful for radio direction finding operations. In
FIG. 1, a radio direction finding antenna array 10 includes a
first vertically oriented loop antenna element 12 arranged
substantially perpendicular with a first axis “y” and a second
vertically oriented loop antenna element 14 arranged substan-
tially perpendicular with a second axis “x”. Axes X, y are
typically orthogonal axes. Antenna elements 12, 14 intersect
at a vertical axis “z” that is perpendicular with axes X, y.

Each of loop antennas 12, 14 has a typical “doughnut”
antenna pattern well known to experienced practitioners of
the antenna arts. Such a “doughnut” pattern establishes mini-
mal sensitivity to signals arriving along an axis perpendicular
with the plane of the antenna element and maximally sensi-
tive along axes lying in the plane of the antenna element. Such
an antenna pattern has “front-back ambiguity”. Angle of
arrival of an electromagnetic signal at such a front-back
ambiguous antenna element can only be determined with 180
degree accuracy. To overcome such front-back ambiguity an
omnidirectional antenna 16 is typically used with vertical
loop antennas 12, 14 to unambiguously indicate whether a
sensed signal (not shown in FIG. 1) arrives from the “front” or
from the “back” of a respective antenna array.

FIG. 2 is a schematic diagram of electromagnetic signal
patterns associated with operating the orthogonal loop anten-
nas illustrated in FIG. 1. In FIG. 2, antenna elements 12, 14
are shown in a top view with their associated axes X, y.
Antenna pattern 22 is a planar section of the antenna pattern
of'antenna element 12. Antenna pattern 22 includes loops 19,
21. Antenna pattern 24 is a planar section of the antenna
pattern of antenna element 14. Antenna pattern 24 includes
loops 23, 25. Planar antennas, such as planar loop antennas
12, 14, are maximally sensitive to signals in the plane of the
loop, and minimally sensitive to signals incident along the
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axis of the loop. That is, antenna element 12 is minimally
sensitive to signals arriving along axis y, and antenna element
14 is minimally sensitive to signals arriving along axis X.
Antenna patterns 22, 24 are mathematically expressed for two
dimensions in the x,y plane as:

P(9)=cos” ¢
where, p=angle of arrival in the x,y plane.
P(¢p)=sin® ¢
where, p=angle of arrival in the x,y plane.
Antenna patterns 22, 24 may be weightingly summed to
create a virtual loop antenna pattern (not shown in FIG. 2)
oriented in any direction in the X,y plane. Such “steering” of
the response patterns of antenna elements 12, 14 permits
maximizing or minimizing a received signal to ascertain its
angle of arrival at antenna elements 12, 14.
Another prior art arrangement for ascertaining angle of
arrival of electromagnetic signals at antenna elements 12, 14

is to effect amplitude comparison of signals received at
antenna elements 12, 14 and employing the relationship:

(1

[2]

go—tan’lﬁ
[Ay]

Expression [3] will only yield a magnitude for a value of
angle of arrival ¢. That is, expression [3] can only produce a
solution within a 180 degree range; it describes antenna ele-
ments 12, 14 with “front-back ambiguity”. Itis for this reason
that sense antenna 16 (FIG. 1) is employed with radio direc-
tion finding antenna array 10 (FIG. 1). An omnidirectional
antenna 16 operates as a sense antenna to provide directional
input to the solution provided by expression [3], thereby
resolving the front-back ambiguity suffered by antenna ele-
ments 12, 14. An omnidirectional antenna may be thought of
as providing a sign for the solution of expression [3] to enable
determination of angle of arrival of signals at antenna ele-
ments 12, 14 for a full 360 degree range.

A consequence of the requirement for both loop antennas
12, 14 and an omnidirectional antenna 16 for implementing
prior art radio direction finding techniques is that apparatuses
such as radio direction finding antenna apparatus 10 are
bulky. In the present market, smaller apparatuses are sought,
s0 it is advantageous to be able to accomplish required opera-
tions using more compact apparatuses. There is a need for a
compact apparatus for effecting radio direction finding opera-
tions to ascertain angle of arrival of electromagnetic signals at
an antenna.

The present invention provides significant improvements
over prior art radio direction finding apparatuses and methods
in ascertaining angle of arrival of electromagnetic signals.
The present invention employs a characteristic electromag-
netic signal. For purposes of this application a characteristic
electromagnetic signal has at least one signal characteristic
that experiences inversion or another detectable change when
the signal is received by various portions of an antenna ele-
ment. By way of example and not by way of limitation, a
signal characteristic may include phase, polarization, or
amplitude. Also by way of example and not by way of limi-
tation, a characteristic electromagnetic signal may be a broad-
band electromagnetic signal having a characteristic Gaussian
doublet type waveform in the time domain. Such Gaussian
doublet waveforms are recognizable as having either an
upright (or positive) orientation or an inverted (or negative)
orientation. Further, such Gaussian doublet waveforms are
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known to exhibit 180 degree inversion in signals received or
transmitted by a first half-plane of a planar loop antenna
element compared with signals received or transmitted by a
second half-plane of a planar loop antenna. For purposes of
this application, the term “broadband signal” refers to a signal
having a sufficiently broad bandwidth to permit detection of a
change in a signal characteristic of an electromagnetic signal
interacting with (i.e., received or transmitted by) an antenna
element. For purposes of this application, the term “broad-
band antenna” refers to an antenna signal having a sufficiently
broad signal response to permit detection of a change in a
signal characteristic of an electromagnetic signal interacting
with (i.e., received or transmitted by) the antenna element.

FIG. 3 is a schematic diagram illustrating patterns of wave-
form inversions related to quadrant of arrival of an electro-
magnetic signal at an orthogonal loop antenna of the type
illustrated in FIG. 1. In FIG. 3, antenna elements 12, 14 (FIG.
1) are shown in a top view with their associated axes X, y. A
broadband electromagnetic signal containing a Gaussian
doublet is received by antenna elements 12, 14. Antenna
elements 12, 14 establish sectors or quadrants I, II, III, IV. For
purposes of succinctly describing operation of the apparatus
illustrated in FIG. 3, antenna element 12 will be referred to as
ANTENNA ELEMENT A and antenna element 14 will be
referred to as ANTENNA ELEMENT B.

FIG. 3 presumes that an exemplary electromagnetic signal
is received by each of ANTENNA ELEMENT A and
ANTENNA ELEMENT B in quadrant I as an upright (posi-
tive) signal characteristic. Thus in F1G. 3, quadrant [ indicates
that ANTENNA ELEMENT A receives a positive Gaussian
doublet (indicated as A+) and ANTENNA ELEMENT B
receives a positive Gaussian doublet (indicated as B+).

Quadrant II lies on a different side of axis y than quadrant
I; that is quadrant II is in a different half-plane of ANTENNA
ELEMENT A than quadrant 1. It is for this reason that the
Gaussian doublet of the electromagnetic signal received (or
transmitted) by ANTENNA ELEMENT A is inverted (nega-
tive) in quadrant I (indicated as A-). In contrast, quadrant II
lies on the same side of axis x as quadrant [; that is, quadrant
1I is in the same half plane of ANTENNA ELEMENT B as
quadrant I. Itis for this reason that the Gaussian doublet of the
electromagnetic signal received (or transmitted) by
ANTENNA ELEMENT B is upright (positive) in quadrant II
(indicated as B+).

Quadrant I11 lies on a different side of axis y than quadrant
I; that is quadrant II is in a different half-plane of ANTENNA
ELEMENT A than quadrant 1. It is for this reason that the
Gaussian doublet of the electromagnetic signal received (or
transmitted) by ANTENNA ELEMENT A is inverted (nega-
tive) in quadrant I1I (indicated as A-). Quadrant III lies on a
different side of axis x as quadrant I; that is, quadrant I1I is in
a different half plane of ANTENNA ELEMENT B as quad-
rant I. It is for this reason that the Gaussian doublet of the
electromagnetic signal received (or transmitted) by
ANTENNA ELEMENT B is inverted (negative) in quadrant
III (indicated as B-).

Quadrant IV lies on the same side of axis y as quadrant I;
that is quadrant IV is in the same half-plane of ANTENNA
ELEMENT A as quadrant 1. It is for this reason that the
Gaussian doublet of the electromagnetic signal received (or
transmitted) by ANTENNA ELEMENT A is upright (posi-
tive) in quadrant IV (indicated as A+). In contrast, quadrant
IV lies on a different side of axis x as quadrant I; that is,
quadrant IV is in a different half plane of ANTENNA ELE-
MENT B as quadrant I. It is for this reason that the Gaussian
doublet of the electromagnetic signal received (or transmit-
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ted) by ANTENNA ELEMENT B is inverted (negative) in
quadrant IV (indicated as B-).

Thus, each respective sector or quadrant I, II, III, IV is
uniquely identified by the characteristic Gaussian doublet of
the received (or transmitted) electromagnetic signal. Thus,
ascertaining the combination of states of Gaussian doublets
of the received (or transmitted) electromagnetic signal by
each of ANTENNA ELEMENTS A, B permits ascertaining
angle of arrival of the electromagnetic signal at least to a
resolution of one quadrant I, 11, II1, V.

A radio transmission and reception system for use in con-
junction with the present invention may benefit from employ-
ing an original transmit broadband signal with a reference: a
predetermined signal characteristic or combination of signal
characteristics employed as a reference signal. Such a refer-
ence may assist a receiver in distinguishing which of a first or
second state is indicated.

FIG. 4 is a schematic diagram illustrating patterns of wave-
form inversions related to sector of arrival of an electromag-
netic signal at a multi-element antenna apparatus. In FIG. 4,
antenna elements 12, 14 are shown in a top view with their
associated axes X,,y,, and antenna elements 32, 34 are shown
in a top view with their associated axes X,, y,. Preferably
plane x,, y, is substantially coincident with plane x,, y,. A
broadband electromagnetic signal containing a Gaussian
doublet is received by antenna elements 12, 14, 32, 34.
Antenna elements establish sectors 1, 11, 111, IV, V, V1, VII,
VIII. For purposes of succinctly describing operation of the
apparatus illustrated in FIG. 4, antenna element 12 will be
referred to as ANTENNA ELEMENT A, antenna element 14
will be referred to as ANTENNA ELEMENT B, antenna
element 32 will be referred to as ANTENNA ELEMENT C
and antenna element 34 will be referred to as ANTENNA
ELEMENT D.

FIG. 4 presumes that an exemplary electromagnetic signal
is received by each of ANTENNA ELEMENT A, ANTENNA
ELEMENT B, ANTENNA ELEMENT C and ANTENNA
ELEMENT D in sector I as an upright (positive) signal char-
acteristic. Gaussian doublets are indicated in FIG. 4 with a
notation as to the respective antenna element receiving the
electromagnetic signal (i.e., ANTENNA ELEMENT A, B, C,
or D) and an indication whether the respective Gaussian dou-
blet is upright (i.e., positive; +) or inverted (i.e., negative; -).
Thus in FIG. 4, sector I indicates that ANTENNA ELEMENT
A receives a positive Gaussian doublet (indicated as A+),
ANTENNA ELEMENT B receives a positive Gaussian dou-
blet (indicated as B+), ANTENNA ELEMENT C receives a
positive Gaussian doublet (indicated as C+) and ANTENNA
ELEMENT D receives a positive Gaussian doublet (indicated
as D+).

Sector II lies on a different side of axis y, than sector I; that
is sector 11 is in a different half-plane of ANTENNA ELE-
MENT A than sector I. It is for this reason that the Gaussian
doublet of the electromagnetic signal received (or transmit-
ted) by ANTENNA ELEMENT A is inverted (negative) in
sector II (indicated as A-). In contrast, sector II lies on the
same side of axis X, as sector [; sector II lies on the same side
of axis y, as sector [; and sector II lies on the same side of axis
X, as sector 1. That means that sector II is in the same half-
plane of ANTENNA ELEMENT B as sector I, sector I1 is in
the same half plane of ANTENNA ELEMENT C as sector |
and sector 11 is in the same half plane of ANTENNA ELE-
MENT D as sector 1. It is for this reason that the Gaussian
doublets of the electromagnetic signal received (or transmit-
ted) by ANTENNA ELEMENT B, ANTENNA ELEMENT
C and ANTENNA ELEMENT D are upright (positive) in
sector II (indicated as B+, C+, D+).
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Sector I11 lies on a different side of axis y, than sector I, and
sector I1I lies on a different side of axis y, than sector II. That
is, sector 111 is in a different half-plane of ANTENNA ELE-
MENT A than sector I, and sector III is in a different half-
plane of ANTENNA ELEMENT C than sector II. It is for this
reason that the Gaussian doublet of the electromagnetic sig-
nal received (or transmitted) by ANTENNA ELEMENT A is
inverted (negative) in sector III (indicated as A-) and the
Gaussian doublet of the electromagnetic signal received (or
transmitted) by ANTENNA ELEMENT C is inverted (nega-
tive) in sector 11 (indicated as C-). In contrast, sector III lies
onthe same side of axis x,; as sectors  and I, and sector I1I lies
on the same side of axis X, as sectors [ and II. That means that
sector I11 is in the same half-plane of ANTENNA ELEMENT
B as sectors 1 and I, and sector I11 is in the same half plane of
ANTENNA ELEMENT D as sectors I and II. It is for this
reason that the Gaussian doublets of the electromagnetic sig-
nal received (or transmitted) by ANTENNA ELEMENT B
and ANTENNA ELEMENT D are upright (positive) in sector
III (indicated as B+, C+).

Sector IV lies on a different side of axis y, than sector I;
sector [V lies on a different side of axis x, thansectors I, Il and
1IT; and sector IV lies on a different side of axis y,, than sectors
I and II. That is, sector IV is in a different half-plane of
ANTENNA ELEMENT A than sector I; sector IV is in a
different half-plane of ANTENNA ELEMENT B than sectors
I, IT and III; and sector IV is in a different half-plane of
ANTENNA ELEMENT C than sectors I and II. It is for this
reason that the Gaussian doublet of the electromagnetic sig-
nal received (or transmitted) by ANTENNA ELEMENT A is
inverted (negative) in sector IV (indicated as A-), the Gaus-
sian doublet of the electromagnetic signal received (or trans-
mitted) by ANTENNA ELEMENT B is inverted (negative) in
sector IV (indicated as B-) and the Gaussian doublet of the
electromagnetic signal received (or transmitted) by
ANTENNA ELEMENT C is inverted (negative) in sector [V
(indicated as C-). In contrast, sector IV lies on the same side
of axis X, as sectors I, I and III. That means that sector IV is
in the same half-plane of ANTENNA ELEMENT D as sec-
tors I, IT and I11. It is for this reason that the Gaussian doublet
of the electromagnetic signal received (or transmitted) by
ANTENNA ELEMENT D is upright (positive) in sector [V
(indicated as D+).

Sector V lies on a different side of axis y, than sector I;
sectorV lies on a different side of axis x, than sectors I, Il and
IIT; sector V lies on a different side of axis y, than sectors I and
II; and sector V lies on a different side of axis x, than sectors
I and II. That is, sector V is in a different half-plane of
ANTENNA ELEMENT A than sector I; sector V is in a
different half-plane of ANTENNA ELEMENT B than sectors
I, Il and III; sector V is in a different half-plane of ANTENNA
ELEMENT C than sectors I and II; and sector V is in a
different half-plane of ANTENNA ELEMENT D than sectors
I, 11, 11T and I'V. It is for this reason that the Gaussian doublet
of the electromagnetic signal received (or transmitted) by
ANTENNA ELEMENT A is inverted (negative) in sector V
(indicated as A-), the Gaussian doublet of the electromag-
netic signal received (or transmitted) by ANTENNA ELE-
MENT B is inverted (negative) in sector V (indicated as B-),
the Gaussian doublet of the electromagnetic signal received
(or transmitted) by ANTENNA ELEMENT C is inverted
(negative) in sector V (indicated as C-) and the Gaussian
doublet of the electromagnetic signal received (or transmit-
ted) by ANTENNA ELEMENT D is inverted (negative) in
sector V (indicated as D-). Sector V does not lie in any same
half-plane of any of ANTENNA ELEMENT A, ANTENNA
ELEMENT B, ANTENNA ELEMENT C, ANTENNA ELE-
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MENT D as sectors I. It is for this reason that none of the
Gaussian doublets received (or transmitted) by ANTENNA
ELEMENT A, ANTENNA ELEMENT B, ANTENNA ELE-
MENT C, ANTENNA ELEMENT D is upright (positive) in
sector V.

Sector VI lies on a different side of axis x, than sectors I, II
and I1I; sector VI lies on a different side of axis y, than sectors
T and II; and sector VI lies on a different side of axis x, than
sectors 1, II, IIT and IV. That is, sector VI is in a different
half-plane of ANTENNA ELEMENT B than sectors I, Il and
1IT; sector V1 is in a different half-plane of ANTENNA ELE-
MENT C than sectors I and II; and sector VI is in a different
half-plane of ANTENNA ELEMENT D than sectors I, 11, III
and IV. It is for this reason that the Gaussian doublet of the
electromagnetic signal received (or transmitted) by
ANTENNA ELEMENT B is inverted (negative) in sector VI
(indicated as B-), the Gaussian doublet of the electromag-
netic signal received (or transmitted) by ANTENNA ELE-
MENT C is inverted (negative) in sector VI (indicated as C-)
and the Gaussian doublet of the electromagnetic signal
received (or transmitted) by ANTENNA ELEMENT D is
inverted (negative) in sector VI (indicated as D-). In contrast,
sector VI lies on the same side of axis y, as sector 1. That
means that sector VI is in the same half-plane of ANTENNA
ELEMENT A as sector I. It is for this reason that the Gaussian
doublet of the electromagnetic signal received (or transmit-
ted) by ANTENNA ELEMENT A is upright (positive) in
sector VI (indicated as A+).

Sector VI lies on a different side of axis x, than sectors I,
1T and III; and sector VII lies on a different side of axis x, than
sectors I, II, III and IV. That is, sector VII is in a different
half-plane of ANTENNA ELEMENT B than sectors I, Il and
IIT; and sector VIl is in a different half-plane of ANTENNA
ELEMENT D than sectors I, II, IIT and IV. It is for this reason
that the Gaussian doublet of the electromagnetic signal
received (or transmitted) by ANTENNA ELEMENT B is
inverted (negative) in sector VII (indicated as B-) and the
Gaussian doublet of the electromagnetic signal received (or
transmitted) by ANTENNA ELEMENT D is inverted (nega-
tive) in sector VII (indicated as D-). In contrast, sector VII lies
on the same side of axis y, as sector I, and sector V1I lies on
the same side of axis y, as sectors I and II. That means that
sector VII is in the same half-plane of ANTENNA ELE-
MENT A as sector I, and sector VII is in the same half-plane
of ANTENNA ELEMENT C as sectors I and I1. It is for this
reason that the Gaussian doublet of the electromagnetic sig-
nal received (or transmitted) by ANTENNA ELEMENT A is
upright (positive) in sector VII (indicated as A+) and the
Gaussian doublet of the electromagnetic signal received (or
transmitted) by ANTENNA ELEMENT C is upright (posi-
tive) in sector VII (indicated as C+).

Sector VIII lies on a different side of axis x, than sectors I,
11, Il and IV. That is, sector VIII is in a different half-plane of
ANTENNA ELEMENT D than sectors I, II, III and IV. It is
for this reason that the Gaussian doublet of the electromag-
netic signal received (or transmitted) by ANTENNA ELE-
MENT D is inverted (negative) in sector VIII (indicated as
D-). In contrast, sector VIII lies on the same side of axis y, as
sectors I, VI, VII and VIII; sector VIII lies on the same side of
axis X, as sectors I, Il and III; and sector VIII lies on the same
side of axis y, as sectors I, IT and VII. That means that sector
VIl is in the same half-plane of ANTENNA ELEMENT A as
sectors [, VI, VII and VIII; sector VII1 is in the same half-plane
of ANTENNA ELEMENT B as sectors I, IT and I11; and sector
VIl is in the same half-plane of ANTENNA ELEMENT C as
sectors 1, II and VII. It is for this reason that the Gaussian
doublet of the electromagnetic signal received (or transmit-
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ted) by ANTENNA ELEMENT A is upright (positive) in
sector VIII (indicated as A+), the Gaussian doublet of the
electromagnetic signal received (or transmitted) by
ANTENNA ELEMENT B is upright (positive) in sector VIII
(indicated as B+) and the Gaussian doublet of the electromag-
netic signal received (or transmitted) by ANTENNA ELE-
MENT C is upright (positive) in sector VIII (indicated as C+).

Thus, each respective sector I, 11, 111, IV, V, VI, VII, VIII is
uniquely identified by the characteristic Gaussian doublet of
the received (or transmitted) electromagnetic signal. Thus,
ascertaining the combination of states of Gaussian doublets
of the received (or transmitted) electromagnetic signal by
each of ANTENNA ELEMENTS A, B, C, D permits ascer-
taining angle of arrival of the electromagnetic signal at least to
a resolution of one quadrant I, I1, 111, TV, V, VI, VII, VIIL

FIG. 5 is a schematic diagram illustrating details of the
preferred embodiment of an evaluation apparatus useful in
the system of the present invention. In FIG. 5, a direction
finding system 50 includes an antenna array 52 and an evalu-
ation apparatus 54. Antenna array 52 includes a first antenna
element 56 and a second antenna element 58. Antenna ele-
ments 56, 58 are shown as planar loop antennas. A wide
variety of other antennas are suitable for use in antenna array
52. One advantage of planar loop antennas, however, is that
such antennas may be made arbitrarily small, limited only by
a sensitivity of receiver units 60, 62 in properly detecting
signals from antenna elements 56, 58. Thus, an antenna array
52 may be made very compact.

Evaluation apparatus 54 includes a first receiver unit 60, a
second receiver unit 62 and a processor unit 64. First receiver
unit 60 is coupled with one antenna element 56, 58 and
second receiver unit 62 is coupled with another antenna ele-
ment 56, 58 than is coupled with first antenna element 60.
Each of receiver units 60, 62 provides information relating to
signals received from its respective coupled antenna element
56, 58 to processor unit 64. Preferably, receiver unit 60, 62
provide information relating to signal amplitude or strength
(e.g., RSSI; Received Signal Strength Indication) and signal
orientation (e.g., Gaussian doublet upright [+] or inverted [-])
information.

Processing unit 64 employs predetermined relationships,
preferably algorithmic relationships, for determining in
which sector (FIG. 3) the signal arrived (or was transmitted).
Processor unit 64 may interpret the combination of orienta-
tions of Gaussian doublets received by antenna elements 56,
58 to ascertain in which sector the signal arrived. In the
representative situation illustrated in FIG. 5, first receiver unit
60 receives a first signal from antenna element 56 that has an
amplitude A, and is an inverted Gaussian doublet. Second
receiver unit 62 receives a second signal from antenna ele-
ment 58 that has an amplitude A, and is an upright Gaussian
doublet. By such determinations, processor unit 64 may
ascertain angle of arrival of a signal at direction finding sys-
tem 50 to a resolution of one sector (FIG. 3). Further, by
comparing signal amplitudes of arriving signals, processor
unit 64 may ascertain which arriving signals are directly
received from a distal transmitter and which signals are
received along a multi-path route having reflected off of an
obstacle such as a building or other structure en route from the
distal transmitter to direction finding system 50. Processor
unit 64 presents an output signal at an output locus 66 to
indicate conclusions regarding signals arriving at antenna
elements 56, 58.

FIG. 6 is a schematic diagram illustrating details of a first
alternate embodiment of an evaluation apparatus useful in the
system of the present invention. In FIG. 6, a location aware
radio receiver system 150 includes an antenna array 152 and
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an evaluation apparatus 154. Antenna array 152 includes a
first antenna element 156 and a second antenna element 158.

Evaluation apparatus 154 includes a first receiver unit 160,
a second receiver unit 162 and a processor unit 164. First
receiver unit 160 is coupled with one of antenna elements
156, 158 and second receiver unit 162 is coupled with another
of antenna elements 156, 158. Each of receiver units 160, 162
provides information relating to signals received from its
respective coupled antenna element 156, 158 to processor
unit 164. Preferably, receiver units 160, 162 provide informa-
tion relating to signal amplitude or strength (e.g., RSSI;
Received Signal Strength Indication) and signal orientation
(e.g., Gaussian doublet upright [+] or inverted [-]) informa-
tion.

Processing unit 64 includes a signal combiner unit 163
coupled with a processor 165. Signal combiner unit 163 com-
bines signals received from receiver units 160, 162 according
to assigned weight factors and polarity factors. Weight factors
and polarity factors are determined according to predeter-
mined relationships, such as algorithmic relationships, using
information conveyed by receiver units 160, 162 relating to
then extant signals received by antenna elements 156, 158. A
signal relating the combined signal information is conveyed
to processor 165, as indicated by arrow 167. Processor 165
evaluates information provided by signals received from
combiner unit 163 and provides control signals, as indicated
by arrow 169, to combiner unit 163 to adjust factors such as
weights applied to signals received from receiver units 160,
162. It is by such adjustment of weight factors, for example,
that permits location aware radio receiver system 150 to be
electronically steered to concentrate upon selected signals.
Evaluation of features of received signals, such as amplitude
or timing (when a means is provided for determining timing)
permit processor 165, for example, to ascertain which signals
are directly received from a distal transmitter and which sig-
nals are received along a multi-path route having reflected off
of an obstacle such as a building or other structure en route
from the distal transmitter to location aware radio receiver
system 150. Determining timing may be effected, by way of
example and not by way of limitation, by feedback from
location aware radio receiver system 150 to a transmitter
reporting time of arrival of an identifiable signal, or by receipt
of a timing signal with received signals or by another inde-
pendent time-determining arrangement. Processor 165
employs predetermined relationships, preferably algorithmic
relationships, for determining in which sector (FIG. 3) the
signal arrived (or was transmitted). Processor 165 may inter-
pret the combination of orientations of Gaussian doublets
received by antenna elements 156, 158 to ascertain in which
sector the signal arrived. By such determinations, processor
165 may ascertain angle of arrival of a signal at location aware
radio receiver system 150 to a resolution of one sector (FIG.
3). Further, by electronically steering location aware radio
receiver system 150 as described above by adjusting weights
assigned to received signals, location aware radio receiver
system 150 may ignore multi-path signals and concentrate
reception toward direct signals. Processor unit 164 presents
an output signal at an output locus 166 to indicate conclusions
regarding signals arriving at antenna elements 156, 158.

FIG. 7 is a schematic diagram illustrating details of a
second alternate embodiment of an evaluation apparatus use-
ful in the system of the present invention. In FIG. 7, a direc-
tion finding system 250 includes an antenna array 252 and an
evaluation apparatus 254. Antenna array 252 includes a first
antenna element 256 and a second antenna element 258.

Evaluation apparatus 254 includes a receiver unit 260 and
aprocessorunit 264. Receiver unit 260 includes a signal delay
unit 262, a signal combining unit 265 and a receiver 267.
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Signal delay unit 262 is coupled with antenna element 256
and with combining unit 265. Combining unit 265 is also
coupled with antenna element 258. Signal delay unit 265
imposes a delay on signals received from antenna element
256 and provides those delayed signals to combining unit
265. Combining unit 265 combines delayed signals received
from signal delay unit 265 and real-time or non-delayed sig-
nals received from antenna element 258 to present a signal
stream to receiver 267. In the exemplary embodiment of the
invention illustrated in FIG. 7, receiver 267 receives a signal
stream including a first signal from antenna element 258 that
has an amplitude A, and is a noninverted (U, or +) Gaussian
doublet and including a second signal (received from antenna
element 256) that is delayed in time with respect to the signal
received by antenna element 258. The second delayed signal
has an amplitude A, and is an inverted (I or -) Gaussian
doublet. Receiver 267 provides the signal stream containing
real-time and delayed signals to processor unit 264. Prefer-
ably, receiver 267 provides information relating to signal
amplitude or strength (e.g., RSSI; Received Signal Strength
Indication) and signal orientation (e.g., Gaussian doublet
upright [+] or inverted [-]) information to processor unit 264.

Processor unit 64 employs predetermined relationships,
preferably algorithmic relationships, for determining in
which sector (FIG. 3) the signal arrived (or was transmitted).
Processor unit 264 may interpret the combination of orienta-
tions of Gaussian doublets received by antenna elements 256,
258 to ascertain in which sector the signal arrived. By such
determinations, processor unit 264 may ascertain angle of
arrival of a signal at direction finding system 250 to a resolu-
tion of one sector (FIG. 3). Further, by comparing signal
amplitudes of arriving signals, processor unit 264 may ascer-
tain which arriving signals are directly received from a distal
transmitter and which signals are received along a multi-path
route having reflected off of an obstacle such as a building or
other structure en route from the distal transmitter to direction
finding system 250. Processor unit 264 presents an output
signal at an output locus 266 to indicate conclusions regard-
ing signals arriving at antenna elements 256, 258.

FIG. 8 illustrates a planar antenna for use with the present
invention. In FIG. 8, an antenna 800 presents a two lobe or
“quadrupole” type pattern in which each lobe 802, 804 has a
field sense opposite to the other. Antenna 800 has a differen-
tial feed 810 that is formed by a slot 812 between a minus (-)
element 814 in lobe 802 and a plus (+) element 816 in lobe
804. Differential feed 810 terminates at a neutral element 820
in a feed region 822. The combination of minus (-) element
814, plus (+) element 816 and neutral element 820 at feed
region 822 acts so as split a signal with a polarity denoted by
arrow 824 into two signals of opposing polarity: a first signal
830 of polarity o that becomes a radiated signal 832 of polar-
ity B and a second signal 834 of polarity 8 that becomes a
radiated signal 836 of polarity €. For ease of explanation, the
behavior of a planar antenna of FIG. 8 is explained in terms of
radiation with lobe 802 having polarity } and lobe 804 having
polarity 8. Antenna 800 may also be used for reception.

FIG. 9 illustrates a representative signal pattern of the
antenna of FIG. 8. In FIG. 9, a signal pattern 900 is estab-
lished by antenna 800. Signal pattern 900 is a two lobe or
“quadrupole” type pattern in which each lobe 802, 804 has a
field sense or polarity 3, € opposite to the other. Because this
pattern is insensitive in directions not substantially lying on
an azimuthal plane, the pattern is characterized by a higher
gain than the dipole doughnut pattern of a loop antenna.

FIG. 10 illustrates a novel chiral polarization UWB slot
antenna. In FIG. 10, a chiral polarization ultra-wide band
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(“UWB”) slot antenna 1000 is suitable for many applications,
including for use in conjunction with the present invention.
Chiral polarization UWB slot antenna 1000 can be made ina
smaller structure than a single polarization UWB antenna.
Antenna 1000 is preferably approximately A/ in its greatest
dimension. This dimension is approximately 36% smaller
than a typical A/2 UWB dipole where A is the wavelength at a
typical center frequency of the antenna. The chiral polariza-
tion slot UWB design of antenna 1000 includes opposing
tapered slot lines 1002, 1004 each in an approximately 180°
arc with an arc length substantially equal to A/2 at a particular
center frequency of interest. Each slot line terminates in a
bulbous end 1006, 1008 which approximates an electrical
open or free space impedance at frequencies of interest. It
should be understood that discussions of impedance refer to a
characteristic impedance in a particular frequency band of
interest. Thus, although bulbous ends 1006, 1008 are electri-
cal shorts at DC or low frequencies, bulbous ends 1006, 1008
can be designed to match a desired open or free space imped-
ance within a frequency band of interest. Tapered slot lines
1002, 1004 and bulbous ends 1006, 1008 are shown in FIG.
10 as voids in a metal layer 1009. Metal layer 1009 may
optionally be attached to a dielectric substrate (not shown).

Antenna 1000 will exhibit quadrupole pattern lobes normal
to metal layer 1009. Antenna 1000 is sensitive to chiral polar-
ized signals of different orientations on opposite sides. On
one side, antenna 1000 will be sensitive to right-hand chiral
(RHC) signals, while on an opposing side, antenna 1000 will
be sensitive to left-hand chiral (LHC) signals. Thus (by way
of'example), an array 52 involving two pairs of antenna 1000
would suffice to provide sensitivity to either LHC or RHC
along either of two orthogonal coordinate axes. Such a four
element array 52 (not shown in FIG. 10) might be used in an
embodiment of the present invention in which polarization is
employed as a signal characteristic.

FIG. 11 illustrates a dual horn antenna system for use with
the present invention. In FIG. 11, a dual horn antenna system
1100 is constructed with a top metallization pattern establish-
ing a first dual horn antenna 1102 on a planar substrate 1103
and a bottom metallization pattern establishing a second dual
horn antenna 1104 on substrate 1103. Each dual horn antenna
1102, 1104 exhibits a dual-lobed or quadrupole type antenna
pattern. Each dual horn antenna 1102, 1104 is oriented at 90
degrees relative to the other dual horn antenna 1102, 1104.
Radiation from each dual horn antenna 1102, 1104 system is
polarized in the plane of substrate 1103.

FIG. 12 provides an isometric view of the dual horn
antenna system of FIG. 11. In FIG. 12, arrows 1202, 1204
denote the directions of pattern lobes for dual horn antennas
1102, 1104.

FIG. 13 illustrates shows a transmitter and a receiver
employed according to the teachings of the present invention.
In FIG. 13, a transmitter 1300 radiates a transmitted wave-
form at a timet, to areceiver 1302. By way of illustration and
not by way of limitation, transmitter 1300 and receiver 1302
are in the vicinity of a reflecting object 1304 thus creating a
multi-path propagation environment in which receiver 1302
captures radio wave signals from a first signal path (1321), a
second signal path (1322), a third signal path (1323), and a
fourth signal path (1324) with angles of incidence 6,, 0,, 05,
0,. Signals traversing signal paths 1321, 1322, 1323, 1324
arrive at times t,, t,, t5, t, after following paths of length [,
(signal path 1321), L, (signal path 1322), L, (signal path
1323), L, (signal path 1324). Arrival times t, t,, t5, t, vary
linearly with path lengths L., L,, L5, L, and complete signal
paths 1321, 1322, 1323, 1324 at the speed of light C. Thus a
measurement of arrival times t;, t,, t5, t, also effectively
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measures path lengths L., L,, L5, L,. Signal path 1321 is a
direct, line-of-sight path. Signal paths 1322, 1323, 1324 are
indirect propagation paths that involve a reflection or bounce.
For example, signal path 1324 begins at transmitter 1300,
continues to a point of reflection 1330, and further continues
on to receiver 1302. For purpose of illustration, reflecting
object 1304 is a single object such as a wall. A typical propa-
gation environment may be defined by a complicated combi-
nation of multiple reflecting objects such as reflecting object
1304. FIG. 14 illustrates a typical transmitted signal and
received signals in a multi-path environment such as may be
received by an antenna system as taught by the present inven-
tion. In FIG. 14, a transmit signal is illustrated, and several
received signals are illustrated representing how the transmit
signal appears in representative antennas: a signal #0 received
in an omni-directional sense antenna, Signal #1 with ampli-
tude A, received in a first directional antenna sensitive in the
+x-direction and Signal #2 with amplitude A, received in a
second antenna sensitive in the +y-direction. These ampli-
tudes A, A, are preferentially obtained from a direct, line-
of-sight path such as a first signal path 1321 (FIG. 13). For
ease of illustration, the transmit signal is depicted as a simple
monocycle waveform, but any other waveform, pulse shape,
or waveform packet may be used in conjunction with the
present invention. Received signals such as Signal #0, Signal
#1, and Signal #2 are composed of a variety of wavelets: a first
wavelet due to a signal arriving from a first path, a second
wavelet arriving from a second path, a third wavelet arriving
from a third path, and a fourth wavelet arriving from a fourth
path. As received by an omni-directional antenna in Signal
#0, a first wavelet is due to a line-of-sight direct signal path
and has an orientation substantially similar to the transmitted
waveform. A second wavelet, a third wavelet, and a fourth
wavelet are due to a second path, a third path, and a fourth
path (respectively) that involve a single reflection. Thus, a
second wavelet, a third wavelet, and a fourth wavelet are
inverted relative to a first wavelet in Signal #0. Signal #1 and
Signal #2 are composed of wavelets that may or may not be
inverted depending on the combination of one or more inver-
sions due to propagation path and inversions due to the behav-
ior of the angle of arrival antenna system. For ease of illus-
tration, a transmitted signal has been depicted only slightly
larger than Signal #0, Signal #1, and Signal #2. Typically a
transmit signal is much larger than a received signal.

Also for ease of illustration, Signal #1 and Signal #2 are
scaled relative to Signal #0 under the assumption that the gain
ofa first directional antenna and a second directional antenna
is substantially equivalent to the gain of an omni-directional
sense antenna. In general, however, a first directional antenna
and a second directional antenna will have a gain greater than
an omni-directional sense antenna, and so Signal #1 and
Signal #2 will have a greater amplitude (relative to Signal #0)
than depicted.

The angle of arrival, subject to an ambiguity of quadrant
(8", may be found from amplitude comparison:

A
¢ = arctan 2
Al

Following the teachings of the present invention, the quad-
rant of arrival may be determined unambiguously by a com-
parison of signal polarity, thus allowing for an unambiguous
determination of angle of incidence, 0, .

Note that Signal #0 from an omni-directional sense
antenna is not required to determine an angle of incidence 6,
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ifamplitudes A, A, are obtained from a first wavelet due to a
direct, line-of-sight path (e.g., signal path 1321; FIG. 13).
This angle of incidence from a direct, line-of-sight path 6,
(FIG. 13) is also an angular relationship 6, of a transmitter
relative to a receiver. An angular relationship 6, in conjunc-
tion with a path length L. |, defines the position of a transmitter
relative to a receiver. Thus, the present invention enables
determination of the position of a transmitter without reliance
on a multi-lateration calculation based on path lengths
obtained from a network of path length measurements. Alter-
natively or in addition, the angle of arrival measurements
possible using the present invention may be used to refine or
improve a multi-lateration calculation based on path lengths
obtained from a network of path length measurements.

Ifamplitudes A |, A, are obtained from a second wavelet, a
third wavelet, or a fourth wavelet, due to a second path (1322),
a third path (1323), or a fourth path (1324) that are indirect
propagation paths that involve a reflection or bounce, then a
Signal#0 from an omni-directional sense antenna is useful. A
Signal #0 exhibits the inversions due to the propagation path,
allowing them to be distinguished from the inversions due to
the function of the angle of arrival antenna system.

Thus, an angle-of-arrival antenna system does not require
an omni-directional sense antenna but may benefit from one
in the presence of significant multi-path signals.

Typically, a first directional antenna and a second direc-
tional antenna have higher gain than an omni-directional sig-
nal, so one or both of amplitudes A,, A, will be larger than
amplitude A,. Thus a signal obtained from a combination of
Signal #1 and Signal #2 is typically greater in amplitude than
A,.

A typical rake receiver takes a signal such as Signal#0 and
detects and combines energy arriving at times t,, t,, t;, t, soas
to maximize a received signal to noise. The present invention
enables a “spatial-rake receiver,” one in which signals such as
Signal#1 (S1) and Signal#2 (S2) are combined not only in
time but also in space so as to create a received signal (S). If
useful wavelets are found arriving attimes t,, t,, t5, t,, a spatial
rake might combine these signals as follows:

S = K151 |111A1 +K1252 |111A1 +K71 51 |121A1 +K2252 |121A1 5]

+K3151 |r31Ar +K3252 |r31Ar +Kq151 |r41Ar +K4p52 |r41Ar

where S11, 15 Signal #1 evaluated at times within At oft,
so as to capture energy in a first wavelet, S2I,,,, is Signal #2
evaluated at times within At of't, so as to capture energy in a
second wavelet, and so on.

An exemplary spatial rake receiver might (for instance)
construct a received signal (S) using angle of arrival informa-
tion using coefficients:

K| =cos 0,, K, ,=cos 0,, K3,=cos 03, K;,=cos 0,

(6]

K ,=sin 0, K»,,=sin 6,, K3,=sin 63, K,,=sin 0,

71

In effect, these coeflicients are equivalent to a rotation of a
virtual antenna pattern oriented according to a choice of
angle—thus making a receiver more or less sensitive in par-
ticular directions. In general however, a spatial rake receiver
would use angle of arrival information as a starting point and
vary the coefficients depending on the idiosyncrasies of the
noise and interference environment so as to maximize the
signal to noise ratio of received signal S. Additionally, a
spatial rake receiver might act so as to minimize the impact of
an interfering signal arriving from a particular direction by
orienting a null of a virtual pattern so as to minimize sensi-
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tivity of a receiver to signals arriving from a direction in
which there is undesired interference. Note that a spatial rake
receiver as envisioned by the present invention does not
require an omni-directional sense antenna.

If an indirect propagation path involves a single reflection
or bounce such as a fourth signal path 1324 (FIG. 13), then a
point of reflection must lie on an elliptical arc defined by foci
at transmitter 1300 and receiver 1302 and by the path length
L,. If an angle of incidence 0, is known, then the position of
a point of reflection may be unambiguously identified. Thus,
an angle of arrival system as taught by the present invention
can identify the specific location of a point of reflection.

In a static environment the present invention may be used
in conjunction with a radar intrusion detection system, allow-
ing such a system to identify the specific location of an
intruder. An object moving within the propagation environ-
ment between a transmitter and a receiver may be tracked
using an angle of arrival system as taught by the present
invention. Also, the location of walls or other static reflecting
objects in the propagation environment may be determined.

In a dynamic environment with either a moving transmit-
ter, a moving receiver, or both, a transmitter and a receiver
with an angle of arrival system as taught by the present inven-
tion can compile data regarding the location of a point of
reflection and create a radar map of the surrounding environ-
ment.

The present discussion has focused on use of an angle of
arrival antenna system acting as a receiver. This does not
preclude applying the teachings of the present invention in
conjunction with transmission. By the principle of reciprocity
for instance, an antenna system of the kind taught by the
present invention can transmit a time-reversed signal with
relatively dispersed energy with respect to time and result in
a concentrated energy or impulsive signal at a receiver. Simi-
larly, just as the present invention can reduce sensitivity of a
receiver to interference by orienting anull ofa virtual antenna
pattern in a particular direction, so also can the present inven-
tion reduce transmitted power in a particular direction to
avoid interference with a friendly receiver known to lie in that
direction.

FIG. 15 is a flow chart illustrating the method of the present
invention. In FIG. 15, a method 1500 for ascertaining angle of
arrival of an electromagnetic signal at an antenna structure
begins at a START locus 1502. Method 1500 continues with
the step of, in no particular order (1) configuring the antenna
structure to include a plurality of n antenna elements inter-
secting a common axis and cooperating to establish 2n sec-
tors; each respective sector of the 2n sectors being defined by
two the antenna elements of the plurality of n antenna ele-
ments and the axis, as indicated by a block 1504; and (2)
providing the electromagnetic signal with at least one signal
characteristic; the at least one signal characteristic indicating
a first state on a first side of each respective antenna element
of'the n antenna elements and indicating the second state on a
second side of each the respective antenna element of the
plurality of n antenna elements; combinations of the signal
characteristics in each the respective sector uniquely identi-
fying the respective sector, as indicated by a block 1506.

Method 1500 continues with the step of evaluating the state
of the signal characteristic sensed by each the respective
antenna element to effect the ascertaining angle of arrival to a
resolution of at least one the respective sector, as indicated by
a block 1508. Method 1500 terminates ant an END locus
1510.
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Chiral Polarization UWB Slot Antennas

FIG. 16 is a schematic diagram describing a typical chiral
polarization UWB slot geometry. Slot 1602 is generally cen-
tered about feed region 1601, tapered, substantially symmet-
ric, and generally follows arcuate path 1603. Slot 1602 ter-
minates in bulbous terminations 1604. Arcuate path 1603 is
an arc mathematically defined by a function r(¢). In a pre-
ferred embodiment, arcuate path 1603 is substantially similar
to an arc of angle measure 180° defined by

r(¢)=R sin ¢ [5]
where 0°=¢=90° in both a first quadrant I and a third quad-
rant I[1I. Radial distance R is typically R=A\/(27) where A is the
wavelength at a particular frequency of interest.

Unlike conventional spiral antennas which may involve a
spiral following an arcuate path through many rotations, the
present invention teaches a compact arcuate path 1603, one of
angle measure less than 360°. Compact arcuate path 1603
taught by the present invention enables a relatively low dis-
persion response. In a preferred embodiment, arcuate path
1603 is substantially of angle measure 180°. Compact arcuate
path 1603 provides enough length to achieve an ultrawide-
band response but not so much length that it yields a disper-
sive signal.

Although slot 1602 is compact, slot 1602 is characterized
by an angle measure greater than 90° so it is capable of
radiating and receiving mixed polarization signals including
chiral polarization signals. A chiral polarization signal is
characterized by a rotaing electric field vector that traces out
a corkscrew path as a signal propagates. The corkscrew may
be either clockwise (left hand) or counter-clockwise (right
hand) relative to the direction of propagation. Chiral polar-
ization is the UWB analog to circular or elliptical polarization
for a narrowband signal.

Slot 1602 is further defined by a slot width c in the vicinity
of feed region 1601 where angle ¢=0. The slot width of slot
1602 generally increases with increasing angle ¢. In the
example of F1G. 16, slot width of slot 1602 increases to width
[, width v, and width 6 before reaching a maximum width €
where ¢=90°.

Slot 1602 may be thought of as a single slot line substan-
tially symmetric and centered at feed region 1601 with bul-
bous terminations 1604. Alternatively slot 1602 may be
thought of as symmetric slot lines originating at a feed region
and following an arcuate path (such as arcuate path 1603) to
bulbous terminations 1604.

FIG. 17 provides a typical plot of slot width versus arc
length s(¢). Arc length is mathematically defined as follows:

s(¢) = f ¢ +

Slot width increases in a generally monotonic fashion yield-
ing slot width relation 1705. Slot width relation 1705 results
in a desired impedance profile such as impedance profile
1805. Slot width relation 1705 follows from a desired imped-
ance profile (such as impedance profile 1805), as well as from
the characteristics of media in the vicinity of 1602, such as a
conducting medium (for example, conducting medium 1910)
and/or a dielectric medium (such as dielectric 1911).

FIG. 18 presents a typical plot of impedance versus arc
length s(¢). The relation between impedance and arc length
defines an impedance profile such as impedance profile 1805.

i [6]
g9 44
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Impedance profile 1805 may be an exponential impedance
profile, a Klopfenstein impedance profile, or any other
desired impedance profile to create desired reflection charac-
teristics. Impedance profile 1805 may also be a non-mono-
tonically varying impedance profile such as those taught in
applicant’s copending application, “Spectral control antenna
apparatus and method,” [application Ser. No. 10/965,921
filed Oct. 15, 2005 and published Jul. 14, 2005 with publica-
tion number US 2005/0151693], which is incorporated by
reference.

FIG. 19 is a schematic diagram showing a front face of
chiral polarization UWB slot antenna 1900. Terms like
“front” and “back” are used for purpose of illustration, not
limitation. Chiral polarization UWB slot antenna 1900 com-
prises feed region 1901, opposing tapered slot lines 1909, and
conducting medium 1910. In a preferred embodiment, spiral
slot antenna further comprises dielectric 1911. Slot 1902 is
enclosed by conducting medium 1910.

Opposing tapered slot lines 1909 begin at feed region 1901
and end with bulbous terminations 1904. Bulbous termina-
tions may be designed so as to be asymmetric to an arcuate
path so as to minimize antenna dimensions. Bulbous termi-
nation 1904 may be further supplemented by absorber or
other lossy material so as to minimize undesired reflections.

Feed line 1906 couples signals intermediate feed region
1901 and interface means 1908. Feed line 1906 is shown as a
microstrip feedline, however in alternate embodiments, feed
line 1906 may be a coaxial line, coplanar waveguide line, or
other transmission line structure. Feed line 1906 may be
characterized by a variable impedance so as to provide an
impedance or balun transformation between interface means
1908 and feed region 1901. Interface means 1908 is shown as
pads that might accept an end launch connector. In alternate
embodiments, interface means 1908 may be an RF connector
or a direct connection to an RF device. In a preferred embodi-
ment, feed line 1906 terminates in via 1907 which electrically
connects feed line 1906 to conducting medium 1910.

In preferred embodiments, chiral polarization UWB slot
antenna 1900 is substantially planar. In alternate embodi-
ments, chiral polarization UWB slot antenna 1900 may be
sufficiently thin and flexible so as to be conformal to a curved
surface. In still further alternate embodiments, chiral polar-
ization UWB slot antenna 1900 may be implemented in con-
ducting medium 1910 where conducting medium 1910 is an
enclosure or side of an aircraft or other vehicle. Additionally,
chiral polarization UWB slot antenna 1900 may be further
supplemented with a cavity back or a reflecting backplane.

FIG. 20 is a schematic diagram showing a back face of
chiral polarization UWB slot antenna 1900. Conducting
medium 1910 is sized to encompass slot 1902 with sufficient
margin to allow unhindered RF conduction around slot 1902.

Although chiral polarization UWB slot antenna 1900 is
well suited for use with UWB systems, nothing in the teach-
ings of the present invention preclude using the present inven-
tion in conjunction with broadband or other spread spectrum
systems.

It is to be understood that, while the detailed drawings and
specific examples given describe preferred embodiments of
the invention, they are for the purpose of illustration only, that
the apparatus and method of the invention are not limited to
the precise details and conditions disclosed and that various
changes may be made therein without departing from the
spirit of the invention which is defined by the following
claims:
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I claim:

1. A chiral polarization UWB slot antenna comprising:

a feed region and

opposing tapered slot lines

said opposing tapered slot lines in an arcuate path

said arcuate path having angle measure of 360° or less,

wherein said arcuate path is substantially described by a

radial variation with respect to angle of: r(¢)=R sin ¢
wherein R is a constant, and

wherein said opposing tapered slot lines terminate in bul-

bous ends.

2. A chiral polarization UWB slot antenna as recited in
claim 1 wherein said arcuate path has an arc length substan-
tially equal to a half wavelength at a frequency of interest.

3. A chiral polarization UWB slot antenna as recited in
claim 2 wherein said arcuate path has angle measure substan-
tially equal to 180°.

4. A chiral polarization UWB slot antenna as recited in
claim 2 wherein said opposing tapered slot lines are charac-
terized by an impedance profile and said impedance profile is
substantially an exponential impedance profile.

5. A chiral polarization UWB slot antenna as recited in
claim 2 wherein said opposing tapered slot lines are charac-
terized by an impedance profile and said impedance profile is
substantially a Klopfenstein impedance profile.

6. A chiral polarization UWB slot antenna as recited in
claim 1 wherein constant R is substantially equal to Y2m times
wavelength (R=A/(2w)) and wherein A is the wavelength at a
particular frequency of interest.

7. A chiral polarization UWB slot antenna as recited in
claim 6 wherein said frequency of interest lies substantially
within the range from 3.1 GHz t010.6 GHz.

8. A chiral polarization UWB slot antenna comprising a
substantially symmetric slot wherein said substantially sym-
metric tapered slot is

generally centered around a feed region,

generally follows an arcuate path,
wherein said arcuate path has angle measure substantially
equal to 180°, and wherein said substantially symmetric
tapered slot terminates in bulbous terminations.

9. A chiral polarization UWB slot antenna as recited in
claim 8 wherein said arcuate path is compact.

10. A chiral polarization UWB slot antenna as recited in
claim 8 wherein said arcuate path is characterized by an arc
length and wherein said arc length is substantially equal to a
half wave wavelength at a frequency of interest.

11. A chiral polarization UWB slot antenna as recited in
claim 8 wherein said arcuate path is characterized by an arc
length and wherein said arc length is substantially equal to a
half wave wavelength at a frequency of interest.

12. A chiral polarization UWB slot antenna as recited in
claim 11 wherein said substantially symmetric tapered slot is
characterized by an impedance profile and said impedance
profile is substantially a Klopfenstein impedance profile.

13. A chiral polarization UWB slot antenna as recited in
claim 11 wherein said substantially symmetric tapered slot is
characterized by an impedance profile and said impedance
profile is substantially an exponential impedance profile.

14. A chiral polarization UWB spiral slot antenna compris-
ing:

a feed region and

opposing tapered slot lines,

said opposing tapered slot lines in a spiral arcuate path, and

said spiral arcuate path having angle measure of 360° or

less;

wherein said opposing tapered slot lines terminate in bul-

bous ends.





US 7,391,383 B2

19

15. A chiral polarization UWB spiral slot antenna as recited
in claim 14 wherein said spiral arcuate path is substantially
described by a radial variation with respect to angle of: r(¢)=R
sin ¢ wherein R is a constant.

16. A chiral polarization UWB spiral slot antenna compris-
ing:

a feed region and

opposing tapered slot lines,

said opposing tapered slot lines in a spiral arcuate path, and

20

said spiral arcuate path having angle measure of 360° or
less;
wherein said spiral arcuate path has an arc length substan-
tially equal to a half wavelength at a frequency of inter-
est; and
wherein said opposing tapered slot lines are characterized by
an impedance profile and said impedance profile is substan-
tially an exponential impedance profile or a Klopfenstein
impedance profile.
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COMMUNICATION DEVICE WITH A
WIDEBAND ANTENNA

FIELD OF THE DISCLOSURE

This invention relates generally to antennas, and more
particularly to a communication device with a wideband
antenna.

BACKGROUND

Demand is increasing for antennas covering a very wide
frequency spectrum. Software Defined Radio (SDR) and
Ultra Wideband (UWB) applications are examples of antici-
pated antenna requirements for frequency agility to utilize
licensed and unlicensed bands.

A need therefore arises for a communication device with a
wideband antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 depicts an exemplary embodiment of a communi-
cation device;

FIG. 2 depicts an exemplary embodiment of a substrate
supporting components of the communication device;

FIGS. 3-4 depict electrical current flow and a correspond-
ing spectral behavior of the reflection coefficient magnitude
response in decibels (dB) of an antenna of the communication
device for various electro-magnetic modes of operation sup-
ported by the antenna; and

FIGS. 5-6 depict another embodiment of the antenna and
its corresponding spectral performance.

Skilled artisans will appreciate that elements in the figures
are illustrated for simplicity and clarity and have not neces-
sarily been drawn to scale. For example, the dimensions of
some of the elements in the figures may be exaggerated rela-
tive to other elements to help to improve understanding of
embodiments of the present disclosure.

DETAILED DESCRIPTION

FIG. 1 depicts an exemplary embodiment of a communi-
cation device 100. The communication device 100 comprises
an antenna 102, coupled to a communication circuit embod-
ied as a transceiver 104, and a controller 106. Alternatively, a
transmitter or receiver circuit can be used in lieu of the trans-
ceiver 104. For illustration purposes only, the communication
circuit is assumed to be a transceiver. The transceiver 104 can
utilize technology for exchanging radio signals with a radio
tower or base station of a wireless communication system or
peer-to-peer device communications according to common
or future modulation and demodulation techniques. The con-
troller 106 utilizes computing technology such as a micro-
processor and/or a digital signal processor with associated
storage technology (such as RAM, ROM, DRAM, or Flash)
for processing signals exchanged with the transceiver 104 and
for controlling general operations of the communication
device 100. Alternatively, transceiver 104 and controller 106
could be combined in a single module producing bits-to-RF
signal conversion in transmission and reception, according to
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more advanced electronics envisioned to support software
defined radio and other applications in the future.

FIG. 2 depicts an exemplary embodiment of a substrate
201 supporting the antenna 102, the transceiver 104 and the
controller 106 of the communication device 100. The antenna
102 may be defined as a combination of antenna elements
204,220, 222, 212, and 206, and a ground structure 202. The
substrate 201 can be represented by a rigid printed circuit
board (PCB) constructed with a common compound such as
FR-4, or a flexible PCB made of a compound such as Kap-
ton™ (trademark of DuPont). The substrate 201 can comprise
a multi-layer PCB having one layer as a ground structure 202
(or portions of the ground structure 202 dispersed in multiple
layers of the PCB). The ground structure 202 can be planar, or
a curved surface in the case of a flexible PCB. For conve-
nience, the ground structure 202 will be referred to herein as
a ground plane 202 without limiting the possibility that the
ground structure can be curved or formed by several inter-
coupled conducting sections that do not necessarily belong to
the same or any substrate. The PCB can support components
228 making up portions of the transceiver 104 and the con-
troller 106. Suitable ground structures may be constructed
from multiple inter-coupled layers or inter-coupled sections
as well (for instance, clam shell or slider phones have ground
structures that are realized by suitable interconnection of
various sub-structures). The extremities of ground structure
form an approximately rectangular shape having a length
dimension and a width dimension, which may be average
dimensions. In some phone designs, such as a clam shell or
slider phone, the length of the ground plane may change as the
orientation of phone parts is changed. The shape may be
approximately rectangular in that it may be, for example
tapered or trapezoidal to fit a housing, and as mentioned
above, may be curved to conform to a housing, and the edges
may not be straight or smooth—for example when an edge of
the ground plane has to bypass a feature of a housing such as
a plastic mating pin or post.

The antenna 102 can comprise first and second elongated
conductors 204, 206 that are substantially co-extensive and
substantially aligned to each other in substantially parallel,
planar or curved surfaces that are separated by a substantially
uniform gap. One of the first and second conductors 204, 206
may be said to be above the other. The first and second
elongated conductors 204, 206 can be flat conductors or can
have a cylindrical cross-section (such as a wire), and may be
curved or be serpentine so as to provide greater electrical
length of the elongated conductors 204, 206, and/or to form
the elongated conductors 204, 206 around interfering objects,
the curving or serpentining being substantially within the
respective planar or curved surfaces. A length of each of the
elongated conductors 204, 206 is defined as the average
length of the two centerlines along the first and second con-
ductors 204, 206, while a physical extent is defined as the
maximum distance along the elongated direction of the first
and second elongated conductors 204, 206. The planar or
curved planes in which the first and second elongated con-
ductors 204, 206 are substantially formed may substantially
conform to the shape of a portion of a surface of a housing
assembly carrying the communication device 100 of FIG. 1,
and one or both of the first and second elongated conductors
204, 206 may be substantially formed adjacent to or on por-
tion(s) of a surface of the housing assembly. The descriptions
“substantially aligned”, “substantially parallel”, “substan-
tially uniform gap”, “substantially within”, “substantially
conform”, and “substantially formed”, mean that, in some
embodiments, the ratio of the closest separation (gap) and
largest separation (gap) between the centerlines of the elon-
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gated conductors may be up to 1.5:1 In some embodiments
this gap variation ratio may be substantially less, such as
1.2:1, or less than 1.05:1. The first and second elongated
conductors 204, 206 can have a contour 216-222 as shown in
FIG. 2, which may be termed a “U” shape. In the illustration
of FIG. 2, the first conductor 204 is co-planar with the ground
plane 202. Alternatively, the first conductor 204 can be above
orbelow (e.g., on a back side of the substrate 201) the ground
plane 202. In some embodiments, the first and second con-
ductors 204, 206 can be misaligned with respect to each other
to some extent within their flat or curved planes. At or near
opposing end points of the lengths of the first and second
conductors 204, 206, conductors 212 can be orthogonally
coupled to the first and second conductors 204, 206 thereby
forming a gap 205 determined by a length of the conductors
212, and forming a corresponding electro-magnetic field
region having a gap 205 of for example 2.5 mm to 4 mm when
the operating frequency of the antenna is approximately 1-2
GHz. Gap 205 can also be formed by suitably shaped spacers
and/or dielectric material (not shown) placed between the first
and second conductors 204, 206, and the gap 205 may be
substantially uniform or may differ along the extension of the
antenna element 102, resulting in a gap variation ratio
described herein above. When the first and second conductors
204, 206 are formed in curved planes, the gap 205 is a sub-
stantially uniform gap. The misalignment mentioned above
and the variation of the gap mentioned above are such that the
separation of the first and second elongated conductors 204,
206 is within the limit described above. In some embodi-
ments, the average separation (the average gap) of the firstand
second conductors 204, 206 may approximately 20% of the
physical extent described above, while in other embodiments,
it may be substantially smaller, such as 5% or less than 1% of
the physical extent.

The ground plane 202 is separated from the first conductor
204 by separation 207 (in this example, a non-conducting
portion of substrate 201). The ground plane 202 is also sepa-
rated from the second conductor 206 by a separation (not
illustrated in FIG. 2). These separations are such that the
average value of the separations is no more than 25% of the
physical extent of the first and second elongated conductors
204, 206. A ground conductor 208 can couple the ground
plane 202 to the first conductor 204 near the center of the
physical extent of the first conductor 204, such as within 5%
(physical extent) of the physical center. Alternatively, the
ground conductor 208 can couple the ground plane 202 to the
second conductor 206 near the center of the physical extent of
the second conductor 206, within similar limits. A signal feed
conductor couples a signal from an active device to the first
conductor 204 and is connected to the first conductor 204 at
location 210, in an embodiment in which the ground conduc-
tor is coupled to the first conductor 204, near a physical center
of'the physical extent of the first conductor, such as within 5%
(physical extent) of the physical center. The signal conductor
comprises, for example, a combination of conductive trace
and wire (not shown) that may pass through other layers and
couples to a transmitter, receiver, or transceiver mounted on
the substrate 201 on a layer isolated from the ground plane
202. There is a separation 226 between the feed point where
the ground conductor 208 is attached to the first conductor
204 and the feed point 210 where the signal feed conductor
attaches to the first conductor 204. This separation may be
small (e.g., less than 10%) compared to the physical extent of
the elongated first and second conductors 204, 206. In some
embodiments, the ground and signal feed points may be on
the same side of the center point of the physical extent, but in
many embodiments they may be on opposite sides of the
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center. As with the ground conductor 208, the signal feed
conductor can alternatively be coupled to the second conduc-
tor 206. It should be appreciated that the length of the ground
conductor 208 from the ground structure 202 to the antenna
102 and the length of a signal feed conductor from the loca-
tion 210 where it attaches to the antenna 102 need not be the
same (assuming that the signal feed conductor is shielded
over substantially its entire length). The spatial path traversed
by these conductors may be arbitrary (again, assuming that
the signal feed conductor is shielded over substantially its
entire length). There may be lumped or distributed reactive
and resistive elements, e.g., distributed resistances, capaci-
tances, and/or inductances caused by materials that are
between the ground and signal feed points or the ground and
signal feed conductors or between the signal feed point or
signal feed conductor and ground, capacitors, and/or induc-
tors between these the ground and signal feed points or
between the signal feed point or signal feed conductor and
ground. It should be noticed that the distance between the
feed points where the ground and signal feed conductors
couple to antenna element 102 and the distance between the
points where the ground and signal conductor couple to the
printed circuit board structure can be substantially different
from each other. Also, the tridimensional path of these con-
ductors, especially the signal conductor, can be arbitrary, and
there can be lumped or distributed reactive and resistive ele-
ments, e.g., chip resistors, capacitors, or inductors, connected
at one or more points along either one of these conductors.
The width of the ground plane is defined to be a side that is
most closely parallel to the elongated direction of the elon-
gated conductors 204, 206, and the width is substantially
similar to the physical extent of the elongated conductors 204,
206, i.e., it is within plus or minus 15% of the physical extent
of the elongated conductors. The two elongated conductors
are approximately symmetrical with reference to a centerline
of'the ground plane (a line parallel to the length of the ground
plane that divides the ground plane in half).

In some embodiments, another gap (not shown in FIG. 2)
may be formed in the first conductor 204 within the separation
226. Alternatively, the other gap could be formed in the sec-
ond conductor 206 between the ground connection and signal
feed point when the ground conductor and signal feed are
attached to the second conductor 206. Furthermore, resistive
and reactive lumped or distributed elements may be placed or
realized across said gaps.

FIGS. 3-4 depict electrical current flow and a correspond-
ing spectral reflection coefficient response of an antenna simi-
lar to antenna 102 of FIG. 2, for which the first and second
elongated conductors, when analyzed as two antenna ele-
ments, are substantially congruent in an electrical sense, by
which is meant that the two antenna elements exhibit substan-
tially similar degree and nature of coupling with ground
plane—thus providing substantially similar resonant fre-
quency of antenna elements. In these circumstances, the
antenna 102 can be analyzed as having three modes of opera-
tion: a first common mode 402, a differential mode 404, and
a second common mode 406 as depicted in FIG. 3. The
contribution of each mode to the performance of the antenna
is determined by, among other things, the frequency of the
signal being radiated, the geometry of the antenna, and the
electrical congruity of the two antenna elements. These
modes occur simultaneously, with the radio frequency char-
acteristics of the antenna (spectral shape, bandwidth, beam
shape, etc) being determined by a combined effect of the three
modes. In some instances (i.e., certain geometry and signal
frequency) at least one mode may be excited so negligibly that
it might be described as non-existent. Shown in each mode of
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FIG. 3 is a dashed reference centerline. The first and second
common modes are distinguished from the differential mode
in that currents flow substantially symmetrical to the center
lines of the first and second common modes and substantially
anti-symmetrical to the differential mode. The second com-
mon mode is distinguished from the first common mode in
that there is a phase reversal of current approximately mid-
stream of the center reference line. There are several variable
design parameters that can affect the characteristics of the
modes of operation, including the spectral shape and the
operating bandwidth of the antenna 102. These variables can
include, without limitation, the size of the gap 205, the size of
the separation 226 between the signal feed conductor 210 and
the ground conductor 208, a geometric and/or impedance
asymmetry between the first and second conductors 204, 206,
and a size of the geometry of the ground plane 202. These
variables can affect the electrical congruence of the two
antenna elements.

For example, as the gap 205 separating the first and second
conductors 204, 206 increases, the spectrum of FIG. 4 will
typically shift up in frequency, and vice-versa. As the sepa-
ration 226 between signal feed conductor 210 and the ground
conductor 208 decreases the resonant frequency of the first
common mode 402 typically shifts down in frequency and its
operating bandwidth widens, and the operating frequency of
each of the differential mode 404 and second common mode
406 typically widens.

When an electrical non-congruence is created between the
first and second conductors 204, 206, the frequency response
of'the antenna can be dramatically changed, due to the effect
of the electrical non-congruence on resonance of the first
common mode. Electrical non-congruence between the con-
ductors can be accomplished in a number of ways, and results
in a difference of the characteristic electrical lengths of the
conductors. One example of such asymmetry is shown in
FIG. 5, which is described more fully below. In particular, in
an embodiment similar to that shown in FIG. 5, the first
common mode resonance can be made to be broad, with two
resonant frequencies 602-604, as shown in FIG. 6, which
have a substantially wider operating bandwidth 606 (880
MHz-1.42 GHz with a return loss of less than —10 dB) than
the spectrum in FIG. 4 This very wide operating range can be
used for applications such as software defined radio (SDR)
and ultra wide bandwidth radio (UWB radio), or for digital
video broadcasting—handhelds (DVB-H) with the overall
dimensions of the antenna elements and ground plane
adjusted for operation at the assigned frequency bands. It will
be noted that the —10 dB bandwidth of the first mode of the
antenna represented by FIG. 6 is approximately 49%, while
the -10 dB bandwidth of the first mode of the antenna repre-
sented by FIG. 4 is approximately 10%. (bandwidth has been
calculated by the conventional formula of (upper frequency-
lower frequency) divided by the square root of (upper fre-
quency times lower frequency). Accordingly, it is shown that
the —10 dB bandwidth of the first common mode of embodi-
ments of antennas described herein has been broadened to be
approximately 5 times larger when electrical non-congruence
is introduced with respect to embodiments of similar anten-
nas having approximate electrical congruence. Further
experiments have established that even greater broadening
can be achieved, such as a =10 dB bandwidth of at least 0.5.
Thus, electrical non-congruence can provide a bandwidth of
the first common mode of greater than 0.5.

Referring again to FIG. 5, the broadness of the first com-
mon mode can be accomplished in some embodiments by
designing an electrical non-congruence of the antenna ele-
ments that is achieved by forming a geometric asymmetry
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between the first and second conductors 204, 206 at portions
502-504 (refer to FIG. 5) of the first conductor 204 and
portions 216-218 of the second conductor. The asymmetry
results from portions 216-218 having less surface area than
portions 502-504. The wide operating frequency 606 shown
in FIG. 6 results from each asymmetric portion 502-504
having slightly different resonances. Alternatively, a geomet-
ric asymmetry can be achieved as shown in F1G. 2, by making
the width 224 of the second conductor 206 larger than a
similar section of the first conductor 204. A wide operating
frequency 606 similar to that shown in FIG. 6 can be obtained
from appropriate asymmetric widths of the first and second
conductors 204, 206. In yet another embodiment, an electrical
non-congruence can be created by depositing dielectric mate-
rial on either of the first and second conductors 204, 206 or
placing a dielectric spacer between portions of said conduc-
tors. Combinations of these techniques to may be used to
optimize the frequency range and improve the return loss of
an operating bandwidth of the antenna.

The length ofthe ground plane 202 can be determined from
a desired lowest operating frequency and a fractional wave-
length of the antenna 102. For instance, from experimentation
of'the antenna 102 shown in FIG. 5 a ground plane length 202
of' 11 cm provided a lowest operating frequency of 880 MHz
(seeml). Atthis frequency, the wavelength of the antenna 102
can be calculated as 34 cm utilizing the well-known relation-
ship A=c/f. From this formula, a length of the ground plane
202 can be determined to be approximately %5 (or 11 cm/34
cm) of the wavelength of the lowest operating frequency of
the first common mode resonance of the antenna 102. Thus, at
a desired operating frequency of 500 MHz the ground plane
202 can be calculated to have a length of approximately 18
cm,

A=

c

300 M =60 cm - Ground_Plane =0.3%A=0.3%60 cm=18 cm.

The width of the ground plane can be approximately Y4 of the
length calculated above. Thus, as the length of the ground
plane 202 is increased the lowest operating frequency of the
first common mode decreases, and vice-versa. When varia-
tions according to embodiments described herein (such as
electrical non-congruence, the size of the gap between the
elongated elements, a difference between the electrical length
of'the elongated elements, and the separation of the elongated
elements from the ground plane) are taken into account, the
length of the ground plane may be between 0.2 and 1.0 times
the wavelength of the lowest operating frequency, and the
width of the ground plane may be between 0.2 and 1.0 times
the length of the ground plane.

A matching circuit can be used to couple the antenna 102 to
the transceiver 104. In a supplemental embodiment, a match-
ing impedance between an L.C matching circuit of the trans-
ceiver 104 and the antenna 102 can be varied by appending
conductor 508 between the first and second conductors 204,
206, or by varying a distance between the feed 210 and the
ground conductor 208. Thus, conductor 508 can be used to
match the impedance of the antenna 102 over a wide operat-
ing frequency band 606 as shown in FIG. 6.

The foregoing embodiments of the antenna 102 such as
those illustrated in FIGS. 2 and 5 can provide a wideband
internal or external antenna design with a wide operating
bandwidth which can be contoured to a housing assembly
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(not shown) of the communication device 100 if desired. It
would be evident to one of ordinary skill in the art that the
foregoing embodiments can be modified without departing
from the scope of the present invention. For example, the first
and second conductors 204, 206 and conductors 212 can be
formed from a contiguous conductor (such as a wire or folded
form cut from one piece of sheet metal) having first and
second ends coupled to the signal feed and ground conductors
208-210.

In one embodiment, the antenna has a lowest frequency of
operations that is approximately 820 MHz, and the corre-
sponding wavelength is approximately 37 cm. The gap
between the first and second elongated conductors averages
about 0.1*wavelength, the gap variation ratio is less than
1.5:1, the first and second average separations are each less
than 0.3*wavelength, the ground plane has an average length
that is about 0.3*wavelength, and the ground plane has an
average width of 0.1*wavelength.

In this same embodiment, the antenna the wideband
response is 820-1480 MHz at —-10 dB, the gap between the
first and second elongated conductors averages about 4 mm,
a gap variation ratio is less than 1.5:1, the first and second
average separations are each less than 10 mm, the ground
plane has an average length that is about 95 mm, and the
ground plane has an average width of 40 mm.

In another embodiment, the antenna has a lowest frequency
of operations of approximately 1.0 GHz, a corresponding
wavelength is approximately 30 cm. The average gap
between the first and second elongated conductors is approxi-
mately 0.008*wavelength, a gap variation ratio is less than
1.5:1, the first and second average separations are each less
than 0.03*wavelength, the ground plane has an average
length that is approximately 0.3*wavelength, and the ground
plane has an average width of 0.2*wavelength.

In this other embodiment, the lowest frequency of opera-
tions is approximately 1 GHz, the corresponding wavelength
is approximately 30 cm., the average gap between the firstand
second elongated conductors is about 2.5 mm, a gap variation
ratio is less than 1.5:1, the first and second average separa-
tions are each less than 10 mm, the ground plane has an
average length that is about 90 mm., and the ground plane has
an average width of 50 mm.

Accordingly, the specification and figures associated with
these embodiments are to be regarded in an illustrative rather
than a restrictive sense, and all modifications are intended to
be included within the scope of the claims described below.
The benefits, advantages, solutions to problems, and any ele-
ment(s) that may cause any benefit, advantage, or solution to
occur or become more pronounced are not to be construed as
a critical, required, or essential features or elements of any or
all the claims. The invention is defined solely by the appended
claims including any amendments made during the pendency
of this application and all equivalents of those claims as
issued.

The Abstract of the Disclosure is provided to allow the
reader to quickly ascertain the nature of the technical disclo-
sure. It is submitted with the understanding that it will not be
used to interpret or limit the scope or meaning of the claims.
In addition, in the foregoing Detailed Description, it can be
seen that various features are grouped together in a single
embodiment for the purpose of streamlining the disclosure.
This method of disclosure is not to be interpreted as reflecting
an intention that the claimed embodiments require more fea-
tures than are expressly recited in each claim. Rather, as the
following claims reflect, inventive subject matter lies in less
than all features of a single disclosed embodiment. Thus the
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following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a sepa-
rately claimed subject matter.

What is claimed is:

1. An antenna, comprising:

a ground structure that is approximately rectangular;

a first elongated conductor separated from the ground

structure by a first average separation;

a second elongated conductor above the first elongated

conductor, separated from the first elongated conductor
by a gap, and separated from the ground structure by a
second average separation;

third and fourth conductors each connected to the first and

second elongated conductors near opposing end points
of lengths of the first and second elongated conductors,
wherein a length of the third and fourth conductors
determine the size of the gap at their connections;

a ground conductor coupling the ground structure to one

among the first and second elongated conductors; and

a signal feed conductor coupling to the same one among the

first and second elongated conductors, spaced from the
ground conductor by a separation of a third value.

2. The antenna of claim 1, wherein an average of the gap
between the first and second elongated conductors is less than
20% of a physical extent of the first and second elongated
conductors, and a gap variation ratio is less than 1.5:1, and
wherein the first and second average separations are each less
than 25% of the physical extent of the first and second elon-
gated conductors, and wherein the ground plane has an aver-
age length that is between 20% and 100% of the wavelength
of a lowest operating frequency of the antenna, and wherein
the ground plane has an average width that is less than the
average length and the average width is within plus or minus
10% of a physical extent of the first and second elongated
conductors.

3. The antenna of claim 2, wherein the gap between the first
and second elongated conductors averages about 0.01*wave-
length, and wherein the first and second average separations
are each less than 0.03*wavelength, and wherein the ground
plane has an average length that is about 0.3 *wavelength, and
wherein the ground plane has an average width of 0.1*wave-
length.

4. The antenna of claim 2, wherein the lowest operating
frequency is approximately 820 MHz, the wideband response
is 820-1480 MHz at —10 dB, and wherein the gap between the
first and second elongated conductors averages about 4 mm,
and wherein the first and second average separations are each
less than 10 mm, and wherein the ground plane has an average
length that is about 95 mm, and wherein the ground plane has
an average width of 40 mm.

5.The antenna of claim 2, wherein the average gap between
the first and second elongated conductors is approximately
0.008*wavelength, and wherein the first and second average
separations are each less than 0.03*wavelength, and wherein
the ground plane has an average length that is approximately
0.3*wavelength, and wherein the ground plane has an average
width of 0.2*wavelength.

6. The antenna of claim 2, wherein the lowest frequency of
operations is approximately 1 GHz, the corresponding wave-
length is approximately 30 cm., and wherein the average gap
between the first and second elongated conductors is about
2.5 mm, and wherein the first and second average separations
are each less than 10 mm, and wherein the ground plane has
an average length that is about 90 mm, and wherein the
ground plane has an average width of 50 mm.

7. The antenna of claim 1, wherein an electrical non-con-
gruence is designed to form an operational frequency range of
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the antenna that is based on operation of the antenna at opera-
tional frequencies at which a first common mode response of
the antenna is dominant, wherein the first common mode is
characterized by having substantially symmetric currents
with respect to the centerline at the antenna elements and the
ground structure, and wherein the electric current distribution
along the ground plane does not exhibit a phase reversal.

8. The antenna of claim 7, wherein the electrical non-
congruence is an electrical non-congruence of radiating ele-
ments of the antenna, wherein the radiating elements com-
prise the first and second elongated conductors and the non-
congruence is a function of at least one of: a physical
asymmetry of the first and second elongated elements, a
separation of the ground and signal feed points at one of the
first and second elongated conductors, an off center orienta-
tion of the ground and signal feed points from the center of the
physical extent of the first and second elongated conductors,
different dielectric coupling between the first and second
elongated conductors and ground; and different lumped ele-
ment coupling between the first and second elongated con-
ductors and ground.

9. The antenna of claim 8, wherein the physical asymmetry
comprises at least one of a difference of surface areas and
lengths of the first and second elongated conductors.

10. The antenna of claim 1, wherein the antenna produces
a frequency spectrum comprising at least one of a first com-
mon mode frequency response, a differential mode frequency
response, and a second common mode frequency response.

11. The antenna of claim 1, comprising a substrate for
supporting the ground structure, wherein the substrate com-
prises a printed circuit board (PCB), wherein the ground
structure has a geometry extending throughout a substantial
portion of the PCB and spaced from the first and second
elongated conductors.

12. The antenna of claim 1, comprising a fifth conductor
coupled to the first and second elongated conductors located
between the signal feed conductor and the ground conductor
for tuning a matching impedance of the antenna.

13. The antenna of claim 1, wherein the first and second
elongated conductors have U-shaped contour.

14. The antenna of claim 1, wherein the first and second
elongated conductors comprise elongated flat conductors.

15. The antenna of claim 1, wherein the first and second
elongated conductors, and the third and fourth conductors
coupled thereto form a contiguous conductor assembly hav-
ing first and second ends coupled to the signal feed conductor
and the ground conductor.

16. The antenna of claim 1, wherein the third and fourth
conductors are orthogonally coupled to the first and second
elongated conductors.
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17. A communication device, comprising:
an antenna,
communication circuitry coupled to the antenna; and

a controller programmed to cause the communication cir-
cuitry to process signals associated with a wireless com-
munication system, and wherein the antenna comprises:

a ground structure supported by a layer of a printed
circuit board (PCB);

a first elongated conductor spaced from the ground
structure by an insulating material;

a second elongated conductor above the first elongated
conductor;

third and fourth conductors each coupled to the first and
second elongated conductors forming a gap and a
corresponding electromagnetic field region;

a ground conductor coupling the ground structure to one
among the first and second elongated conductors; and

a signal feed conductor coupling to one among the first
and second elongated conductors and spaced from the
ground conductor.

18. The communication device of claim 17, comprising a
housing assembly for carrying the components of the com-
munication device, wherein the first and second elongated
conductors have a first contour similar to a second contour of
the housing assembly.

19. A communication device, comprising:

an antenna,

communication circuitry coupled to the antenna; and

a controller programmed to cause the communication cir-

cuitry to process signals associated with a wireless com-

munication system, and wherein the antenna comprises:

a ground plane supported by a substrate;

a first elongated conductor spaced from the ground
plane;

a second elongated conductor above the first elongated
conductor, wherein the first and second elongated
conductors have a U-shaped contour;

third and fourth conductors each coupled orthogonally
to the first and second elongated conductors forming
a gap;

a ground conductor coupling the ground plane to one
among the first and second elongated conductors; and

a signal feed conductor coupling to one among the first
and second elongated conductors and spaced from the
ground conductor.

20. The communication device of claim 19, wherein there
exists an electrical non-congruence between the first and
second elongated conductors, thereby forming a common
mode frequency response of the antenna having a bandwidth
that is at least 0.5.
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MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a multi-band antenna and more
specifically, to a multi-band antenna for using in a portable
electrical device, such as a notebook.

2. The Related Art

Wireless communication systems continue to grow in
popularity and have become an integral part of both personal
and business communications. There is a growing need for
multi-band antennas for use in wireless communication
devices to adapt the wireless communication devices for
multi-bands operation. A convention antenna configured in
the wireless communication devises such as mobile phones
and personal digital assistants, can send and receive four
bands wireless signal such as GSM850 (Global System for
Mobile communications), EGSM (Extended Global System
for Mobile communications), DCS1800 (Digital Cellular
System) and PCS1900 (Personal Conferencing Specifica-
tion). It is necessary for an antenna adapts to configured in
the wireless communication devices, which operates at
various wireless communication bands further comprising
W-CDMA2100 (Wideband Code Division Multiple Access),
Wi-Fi (Wireless Fidelity) and etc.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a multi-
band antenna having a first low frequency band including
GSM850 and EGSM900 bands and a wider high frequency
band including DCS1800, PCS1900 and W-CDMA2100
bands.

According to the invention, the multi-band antenna is
formed as an elongated shape defining opposite ends. A slot
opens at a long edge of the multi-band antenna and extends
to one of the ends of the multi-band antenna. A wide range
of the slot is larger than an extension length of slot. A
feeding conductor is arranged to adjoin an opening of the
slot. A feeding point is arranged at the free end of the feeding
conductor.

The multi-band antenna is divided into a first portion with
the slot and a second portion, seen from the first feeding
conductor. The first portion obtains an electrical resonance
length of a quarter wavelength corresponding to the low
frequency band and the second portion obtains an electrical
resonance length of a quarter wavelength corresponding to
a first high frequency band. Furthermore, the slot obtains a
second high frequency band higher than and partially over-
lapped the first high frequency band. So the multi-band
antenna has a low frequency band including GSM850 and
EGSM900 bands and the wider high frequency having the
first and second high frequency bands including DCS1800,
PCS1900 and W-CDMA2100 bands.

Another object of the present invention is to provide a
multi-band antenna having GSM850, EGSM900, DCS1800,
PCS1900, W-CDMA2100 and Wi-Fi (2.4 GHz) bands.

According to the invention, the multi-band antenna has a
first radiating element, a second radiating element spaced
from the first radiating element, a first ground portion and a
second ground portion. The first ground and the second
ground are independently each other.

The first radiating element is formed as an elongated
shape defining opposite ends. A slot opens at a long edge of
the first radiating element and extends to one of the ends of
the first radiating element. A wide range of the slot is shorter
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than an extension length of slot. A first feeding conductor is
arranged to adjoin the opening of the slot. A first feeding
point is arranged at the free end of the first feeding conduc-
tor.

The second radiating element is a planar inverted-F
antenna having an elongated radiating conductor, a second
feeding conductor extending from one end of the elongated
radiating conductor, a second feeding point arranged at the
feed end of the second feeding conductor and a short
conductor spaced from the second feeding conductor and
connected the second ground portion and the elongated
radiating conductor.

The first radiating element is divided into a second portion
with the slot and a third portion, seen from the first feeding
conductor. The second portion obtains an electrical reso-
nance length of a quarter wavelength corresponding to
GSM850 and EGSM900 bands and the third portion obtains
an electrical resonance length of a quarter wavelength
corresponding to DCS1800, PCS1900 and W-CDMA2100
bands. Further, the second radiating element obtains an
electrical resonance length of a quarter wavelength corre-
sponding to Wi-Fi (2.4 GHz) band.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be apparent to those skilled in
the art by reading the following description of a preferred
embodiment thereof, with reference to the attached draw-
ings, in which:

FIG. 1 shows the a first preferred embodiment of a
multi-bands antenna structure according to the present
invention;

FIG. 2 illustrates the first preferred embodiment of the
multi-bands antenna structure configured in a notebook;

FIG. 3 shows the second preferred embodiment of a
multi-bands antenna structure according to the present
invention; and

FIG. 4 illustrates the second preferred embodiment of the
multi-bands antenna structure configured in the notebook.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Please refer to FIG. 1, showing a first preferred embodi-
ment of a multi-band antenna 100 according to the present
invention. The multi-band antenna 100 is made of metallic
substances for example, making from a metal foil, printing
on a printed circuit board and etc.

The multi-band antenna 100 is substantially formed as an
elongated shape defining opposite ends. The multi-band
antenna 100 has a first slot 10 opened at a long edge thereon.
The slot 10 is defined by several sides. Both a first side 11
and a second side 12 which is shorter than the first side 11,
define the opening of the slot 10. A third side 13 and a fourth
side 14 extend from the first side 11 and the second side 12
respectively. The third side 13 is longer than the fourth side
14. A fifth side 15 connects the third side 13 and the fourth
side 14.

In this embodiment, one end of the first side 11 and the
second side 12 connects the long edge of the multi-band
antenna 100 respectively, the other end of the first side 11
and the second side 12 extends to opposite long edge and
connects the third side 13 and the fourth side 14 respectively.
The first side 11 and the second side 12 are perpendicular to
the long edge of the multi-band antenna 100 respectively.
One end of the third side 13 and the fourth side 14 connects
the first side 11 and the second side 12 respectively, the other
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end of the third side 13 and the fourth side 14 extends to one
end of the multi-band antenna 100 and connects both ends
of the fifth side 15.

The third side 13 is perpendicular to the first side 11 and
the fifth side 15 respectively. The fourth side 14 is perpen-
dicular to the second side 12 and the fifth side 15 respec-
tively. The length between the first and second sides 11, 12
is longer than the length of the fourth side 14. A feeding
conductor 16 with a feeding point 17 extends from the long
edge where the slot 10 opened. The feeding conductor 16 is
arranged to adjoin the first side 11 of the slot 10. The feeding
point 17 is arranged at the free end of the feeding conductor
16.

Referring to FIG. 2, the multi-band antenna 100 adapts to
configure in a portable electronic device, and particular a
notebook 9. The multi-band antenna 100 is folded for
locating on different surfaces of the notebook 9. In this case,
the multi-band antenna 100 is substantially located on the
top of a display 90 of the notebook 9 except the feeding
conductor 16 located on the back surface of a display 91 of
the notebook 9. The notebook 9 sends and receives wireless
signal through the multi-band antenna 100 and a cable 92
connected the feeding point 17 and a first ground portion 18
spaced from the feeding conductor 16.

In this embodiment, the multi-band antenna 100 is
divided into a first portion with the slot 10 and a second
portion, seen from the feeding conductor 16. The first
portion obtains an electrical resonance length of a quarter
wavelength corresponding to a low frequency band having
GSM850 and EGSM900 bands. The second portion obtains
an electrical resonance length of a quarter wavelength
corresponding a first high frequency band having DCS1800,
PCS1900 and W-CDMA2100 bands. The slot 10 further
obtains a second high frequency band which is higher than
the first high frequency band and partially overlapped the
first high frequency band.

According to design of the slot 10 for example, where slot
10 is opened and extended, a wide range of the opening of
the slot 10 and extension length of the slot 10, and where the
feeding conductor 16 extends from, the multi-band antenna
100 has the low frequency band having GSM850 and
EGSM900 bands, and a wider high frequency band which
includes the first high frequency band and the second high
frequency band, has DCS1800, PCS1900 and
W-CDMA2100 bands.

As shown in FIG. 3. A second preferred embodiment of a
multi-band antenna 200 according to the present invention.
The multi-band antenna 200 has a first radiating element 2,
a second radiating element 3 spaced from the first radiating
element 2, a first ground portion 4 and a second ground
portion 5. The first ground portion 4 and the second ground
portion 5 are independently each other.

The first radiating element 2 is substantially formed as an
elongated shape defining opposite ends. The first radiating
element 2 has a slot 20 opened at a long edge thereon. The
slot 20 has an opening portion 21 opened at the long edge of
the first radiating element 2 and an extension portion 22
being extended from the close end of the opening portion 21.
In this embodiment, the extension portion 22 substantially
perpendicular to the opening portion 21 extends to one end
of first radiating element 2. The wide range of the opening
portion 21 is shorter than the length of the extension portion
22.

A first feeding conductor 23 extends from the long edge
of first radiating element 2 where the slot 20 opened. The
first feeding conductor 23 is arranged to adjoin the opening
portion 21 of the slot 20. A first feeding point 24 is arranged
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at the free end of the first feeding conductor 23. The first
element 2 is divided into a second portion with the slot 20
and a third portion, seem from the first feeding conductor 23.

In this embodiment, the second portion obtains an elec-
trical resonance length of a quarter wavelength correspond-
ing to a low frequency band having GSM850 and EGSM900
bands. The third portion obtains an electrical resonance
length of a quarter wavelength corresponding a third high
frequency band having DCS1800, PCS1900 and
W-CDMA2100 bands.

Still referring to FIG. 3, the second radiating element 3 is
a planar inverted-F antenna (PIFA) spaced from the first
radiating element 2. In this case, the second radiating
element 3 is arranged to adjoin the long edge of the first
element 2 where the slot 20 opened and near the second
portion of the first radiating element 2. The second radiating
element 3 has an elongated radiating conductor 30 with an
outer long edge 31, a second feeding conductor 32 extending
from one end of the elongated radiating conductor 30, a
second feeding point 33 arranged at the feed end of the
second feeding conductor 32 and a short conductor 34
spaced from the second feeding conductor 32 and connected
the elongated radiating conductor 30 and the second ground
portion 5.

In this embodiment, the elongated radiating conductor 30
is substantially parallel to the long edge of first radiating
element 2 wherein the slot 20 opened, the second feeding
conductor 32 and the short conductor 34 extend from the
outer long edge 31 of the elongated radiating conductor 30.
Seen from the first feeding conductor 23 of the first radiating
element 2 there is first the opening portion 21 of the slot 20,
then the second feeding conductor 32 of the second radiating
element 3, and then the short conductor 34 of the second
radiating element 3. The second radiating element 3 obtains
an electrical resonance length of a quarter wavelength
corresponding to a fourth high frequency band having Wi-Fi
(2.4 GHz) band.

Shown in FIG. 4, the multi-band antenna 200 is also
folded for located on the different surfaces of the notebook
9. In this embodiment, the first radiating element 2 is
substantially located on the top of the display 90 of the
notebook 9 except the first feeding conductor 23 located on
the back surface of the display 91 of the notebook 9. The
second radiating element 3 is also located on the back
surface of the display 91 of the notebook 9. In this case, the
first ground portion 4 is the ground of the notebook 9. The
second ground portion 5 is located on the first portion 4 and
an insulating material 6 is arranged between the first ground
4 and the second ground 5. The notebook 9 operates the
multi-band antenna 200 through a first cable 93 connected
the first feeding point 24 of the first radiating element 2 and
a first ground portion 4, and a second cable 94 connected the
second feeding point 32 of the second radiating element 3
and a second ground portion 5.

According to design of the slot 20 and where the first
feeding conductor 23 extends from, the first radiating ele-
ment 2 has the second low frequency band including
GSM850 and EGSM900 bands, and the third high frequency
band including DCS1800, PCS1900 and W-CDMA2100
bands. Furthermore, according to design of the second
radiating element 3, the second radiating element 3 has the
fourth high frequency band including Wi-Fi (2.4 GHz) band.
According to relation position between the first radiating
element 2 and the second radiating element 3, the second
low frequency band and the third high frequency band of the
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first radiating element 2, and the fourth high frequency band
of the second radiating element 3 obtain a preferred gain
respectively.

Furthermore, the present invention is not limited to the
embodiments 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,
respective embodiments may be appropriately combined.

What is claimed is:

1. A multi-band antenna substantially formed as an elon-
gated shape having opposite ends comprising:

a slot opened at a long edge of said multi-band antenna,

extending to one of said ends;

a feeding conductor arranged at the long edge where said
slot is opened; and

a feeding point arranged at the free end of said feeding
conductor, wherein said slot is defined by a first side
arranged to adjoin said feeding conductor, a second
side shorter than said first side, said first and second
sides define the opening of said slot, a third side
extends from said first side, a fourth side shorter than
said third side extends from said second side and a fifth
side connects said third side and said fourth side.

2. The multi-band antenna as claimed in claim 1, wherein
said first side and said second side are perpendicular to said
long edge of said multi-band antenna respectively, said third
side and said fourth side are perpendicular to said first side
and said second side, said fifth side is perpendicular to said
third side and said fourth side.

3. The multi-band antenna as claimed in claim 1, wherein
said multi-band antenna is folded for locating on different
surfaces of a portable electronic device.

4. The multi-band antenna as claimed in claim 3, wherein
said portable electrical device is a notebook, said multi-band
antenna is substantially located on the top of a display of
said notebook except said feeding conductor located on the
back surface of said display of said notebook, said notebook
operates said multi-band antenna through a cable connected
said feeding point and a ground portion spaced from said
feeding conductor.

5. The multi-band antenna as claimed in claim 1, wherein
the multi-band antenna obtains a low frequency band, a first
high frequency band and a second high frequency band
produced through said slot, said second high frequency band
is higher than said first high frequency band and partially
overlapped said first high frequency band.

6. A multi-band antenna comprising:

a first radiating element substantially defined opposite
ends having a slot which is opened at a long edge
thereon, extending to one of said ends, and a first
feeding conductor with a first feeding point arranged to
adjoin said slot;

a second radiating element substantially formed as a
planar inverted-F antenna which is spaced from said
first radiating element having an elongated radiating
conductor defining an outer long edge, a second feed-
ing conductor with a second feeding point extending
from one end of said elongated radiating conductor, a
short conductor spaced from said second feeding con-
ductor and connected said elongated radiating conduc-
tor;

a first ground portion spaced from said first feeding
conductor; and

a second ground portion connected said short conductor,
said first ground portion and said second ground por-
tion being independently each other.
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7. The multi-band antenna as claimed in claim 6, wherein
said slot having an opening portion opened at said long edge
of said first radiating element and an extension portion
extending from the close end of said opening portion, the
wide range of said opening portion is shorter than the length
of said extension portion.

8. The multi-band antenna as claimed in claim 7, wherein
said first feeding point is arranged at the free end of'said first
feeding conductor.

9. The multi-band antenna as claimed in claim 8, wherein
said elongated radiating conductor of said second radiating
element is substantially parallel to said long edge of said first
radiating element where said slot opened, said second feed-
ing conductor and said short conductor extend from said
outer long edge of said second radiating element.

10. The multi-band antenna as claimed in claim 9,
wherein said multi-band antenna is folded for located on
different surfaces of a portable electronic device.

11. The multi-band antenna as claimed in claim 10,
wherein said portable electrical device is a notebook, said
first radiating element is substantially located on the top of
a display of said notebook except said first feeding conduc-
tor located on the back surface of said display of said
notebook, said second radiating element is located on said
back surface of said display of said notebook, said notebook
operates said multi-band antenna through a first cable con-
nected said first feeding point and said first ground portion,
and a second cable connected said second feeding conductor
and said second ground portion.

12. The multi-band antenna as claimed in claim 11,
wherein said first ground portion is the ground of said
notebook, an insulating material is located on said first
ground portion, said second ground portion is located on
said insulating material.

13. A multi-band antenna comprising:

a first radiating element having a slot and a first feeding
conductor with a first feeding point arranged to adjoin
said slot;

a planar inverted-F antenna having a second feeding
conductor with a second feeding point and a short
conductor spaced from said second feeding conductor;

a first ground portion spaced from said first feeding
conductor; and

a second ground portion connected said short conductor
of said planar inverted-F antenna, said first ground
portion and said second ground portion being indepen-
dently each other.

14. The multi-band antenna as claimed in claim 13,
wherein said first radiating element is formed as an elon-
gated shape defining opposite ends, said slot opens at a long
edge of said first radiating element and extends to one of said
ends.

15. The multi-band antenna as claimed in claim 14,
wherein said slot having an opening portion opened at said
long edge of said first radiating element and an extension
portion extending from the close end of said opening por-
tion, the wide range of said opening portion is shorter than
the length of said extension portion.

16. The multi-band antenna as claimed in claim 15,
wherein said first feeding point is arranged at the free end of
said first feeding conductor.

17. The multi-band antenna as claimed in claim 13,
wherein said planar inverted-F antenna has an elongated
radiating conductor, said second feeding conductor extends
from one end of said elongated radiating conductor, said
short conductor connects said elongated radiating conductor
and said second ground portion.
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18. The multi-band antenna as claimed in claim 13,
wherein said multi-band antenna is folded for locating on
different surfaces of a portable electronic device.

19. The multi-band antenna as claimed in claim 18,
wherein said portable electrical device is a notebook, said
first radiating element is substantially located on the top of
a display of said notebook except said first feeding conduc-
tor located on the back surface of said display of said
notebook, said planar inverted-F antenna is located on said
back surface of said display of said notebook, said notebook
operates said multi-band antenna through a first cable con-

—
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nected said first feeding point and said first ground portion,
and a second cable connected said second feeding point and
said second ground portion.

20. The multi-band antenna as claimed in claim 19,
wherein said first ground portion is the ground of said
notebook, an insulating material is located on said first
ground portion, said second ground portion is located on
said insulating material.
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(57) ABSTRACT

A wireless apparatus capable of controlling radiation patterns
and directions of antenna is provided. It comprises an antenna
element, a ground plane, an antenna feed-point, and at least
one slot or slit formed on the ground plane. The inclusion of
such slots or slits in the wireless apparatus improves the
radiation directivity of antenna, and greatly enhances the
antenna gain on the horizontal plane. It also resolves the
problems caused by shift of radiation patterns of antenna and
the poor antenna gains for a conventional antenna apparatus.
The wireless apparatus ofthe present invention has the advan-
tages of simple structure and easy fabrication. The invention
can be applied to various kinds of antennas, such as monopole
antenna, shorted-monopole antenna, dipole antenna, loop
antenna, and planar inverted-F antenna, etc.
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1
WIRELESS APPARATUS CAPABLE OF
CONTROLLING RADIATION PATTERNS OF
ANTENNA

CROSS-REFERENCES TO RELATED
APPLICATIONS

This is a division of U.S. patent application Ser. No.
11/221,148, filed Sep. 7, 2005 now U.S. Pat. No. 7,352,327.

FIELD OF THE INVENTION

The present invention generally relates to a wireless appa-
ratus, especially to a wireless apparatus capable of controlling
radiation patterns of antenna.

BACKGROUND OF THE INVENTION

As the applications of wireless apparatus grow, the radia-
tion patterns of antenna become more and more important in
order to improve the communication quality. The antenna of
conventional wireless apparatus is usually placed near the
edge of the wireless apparatus to reduce the size of the whole
system. Therefore, the ground plane is not symmetrical to the
antenna. The radiation patterns of antenna are affected by the
ground plane. When the antenna is placed near the edge of the
wireless apparatus, the radiation angle 6 with maximum
radiation energy of antenna is normally located at 6=>90°. This
means that the direction of maximum radiation energy is
inclined to the ground plane. The shift of maximum radiation
direction due to the above mentioned unsymmetrical ground
plane is towards the human body, and the human body can
absorb the radiation energy. This absorption of the radiation
energy then degrades the quality of communication. A novel
design for controlling the direction of the radiation patterns of
antenna is necessary to improve the quality of communica-
tion.

In US Patent Publication US 2004/0252056 A1 “U-Shaped
Multi-Frequency Antenna of High-Efficiency”, a multi-fre-
quency antenna design was disclosed. This kind of antennas
has an angle 6 of maximum radiation towards the lower half
radiation plane (6>90°). This angle of maximum radiation
will lead to a significant absorption of the radiation energy by
the human body. The transmitted signals on the front-end
circuit may be interfered by the radiation energy as well.
Furthermore, the radiation power on the horizontal plane is
normally less than 0 dBi. This will lead to a poor quality of
communication on the horizontal plane (6=90°).

FIG. 1 is a conventional wireless apparatus structure with a
monopole antenna element. The wireless apparatus 10 com-
prises a monopole antenna element 11, a ground plane 12, and
an antenna feed-point 13. The distribution of current is shown
in FIG. 2. The dashed line shows the magnitude of the current.
A positive current 21 flows opposite to a negative current 22
and they have different magnitudes. This results in a shift of
radiation patterns of antenna. FIG. 3 shows the radiation
patterns of the wireless apparatus shown in FIG. 1. Referring
to FIG. 3, the angle 6 of maximum radiation of antenna is
located at 6=130°. The power gain at 8=90° is less than 0 dBi.
They are —7 dBi on the x-z plane and -5 dBi on the y-z plane,
respectively. It is obvious that these kinds of radiation pat-
terns and antenna gains shall affect the quality of communi-
cation.
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2
SUMMARY OF THE INVENTION

The present invention has been made to overcome the
drawbacks of the aforementioned conventional wireless
apparatus. It provides a wireless apparatus capable of con-
trolling the radiation patterns of antenna, and resolves the
problems caused by shift of radiation patterns of antenna.

The wireless apparatus of the present invention, which is
capable of controlling radiation patterns of antenna, com-
prises an antenna, a ground plane, an antenna feed-point, and
at least one slot or slit formed on the ground plane.

In a preferred embodiment of the present invention, the
angle 0 of maximum radiation of antenna is located at 8<90°.
The resulting horizontal power gains of the antenna are
greater than 0 dBi on both x-z and y-z plane to control radia-
tion pattern and improve antenna’s horizontal gain.

In summary, the wireless apparatus of the present invention
has the advantages of simple structure, easy fabrication, and
better performance of antenna radiation than the conventional
wireless apparatus. The invention can be applied to various
kinds of antennas, such as monopole antenna, shorted-mono-
pole antenna, dipole antenna, loop antenna, and planar
inverted-F antenna, etc.

The foregoing and other objects, features, aspects and
advantages of the present invention will become better under-
stood from a careful reading of a detailed description pro-
vided herein below with appropriate reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structure of a conventional wireless appa-
ratus with a monopole antenna element.

FIG. 2 shows the current distribution in the monopole
antenna shown in FIG. 1.

FIG. 3 shows the radiation patterns of the monopole
antenna shown in FIG. 1.

FIG. 4 shows the structure of a wireless apparatus of the
first embodiment of the present invention.

FIG. 5 shows the measured radiation patterns of the first
embodiment operated at 2450 MHz according to the present
invention.

FIG. 6A shows the structure of a ground plane with single
slot or slit according to the present invention.

FIG. 6B shows the structure of a ground plane with dual
slots or slits according to the present invention.

FIG. 6C shows the structure of a ground plane with two
slots or slits perpendicular to each other according to the
present invention.

FIG. 7A shows the structure of a wireless apparatus with a
dipole antenna according to the present invention.

FIG. 7B shows the structure of a wireless apparatus with a
shorted-monopole antenna according to the present inven-
tion.

FIG. 7C shows the structure of a wireless apparatus with a
loop antenna according to the present invention.

FIG. 7D shows the structure of a wireless apparatus with a
planar inverted-F antenna according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 4 shows the structure of a wireless apparatus of the
first embodiment of the present invention. The wireless appa-
ratus 40 comprises an antenna element, a ground plane 42, an
antenna feed-point 43, and at least one slot or slit formed on
the ground plane 42. Both the antenna element and the ground
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plane 42 are connected to the antenna feed-point 43. Without
loss of generosity, the embodiment containing a monopole
antenna element 41 and dual slots or slits 44a and 445 is
adopted as an example to describe the invention. The dual
slots or slits 44a and 445 are formed on the ground plane 42,
which are used to suppress the negative current on the ground
plane. Therefore, the angle 6 of maximum radiation of
antenna can be changed from 8>90° to 6<90°. Moreover, the
horizontal power gain of antenna can be improved.

FIG. 5 shows the measured radiation patterns of the first
embodiment operated at 2450 MHz according to the first
embodiment of the present invention. The antenna element 41
has alength of 28 mm and a width of 2 mm. The ground plane
42 has a length of 100 mm and a width of 50 mm. The dual
slots 44a and 445 have same length of 24.5 mm and same
width of 2 mm. As can be seen from FIG. 5, the angle 0 of
maximum radiation of antenna is located at about 6=75°. The
horizontal power gains on both the x-z plane and the y-z plane
are greater than 0 dBi, and are equal to 2 dBi and 1 dBi,
respectively. The objectives of changing the angle 6 of maxi-
mum radiation of antenna from 6>90° to 6<90° and improv-
ing horizontal power gain of antenna are achieved.

According to the present invention, the slots or slits on the
ground plane can have various kinds of structures, such as
those examples shown in FIGS. 6A, 6B, and 6C. FIG. 6A
shows the structure of a ground plane with single slot or slit.
FIG. 6B shows the structure of a ground plane with dual slots
or slits. FIG. 6C shows the structure of a ground plane with
two slots or slits perpendicular to each other. The number and
location of the slots or slits on the ground plane are not limited
to the examples described above. When the distance between
slot or slit and antenna feed-point is shorter than 0.5 times the
wave length of antenna’s operating frequency, good radiation
patterns of antenna can be obtained. The shape of the slot/slit
can be a rectangle or circle or oval or polygon, etc.

According to the present invention, the antenna element of
the wireless apparatus can have various kinds of structures,
such as monopole antenna, shorted-monopole antenna,
dipole antenna, loop antenna, and planar inverted-F antenna,
etc.

FIG. 7A shows the structure of a wireless apparatus with a
dipole antenna according to the present invention. Its antenna
element 71a comprises a dipole antenna element 711a and a
connecting point 712a used for ground connection to the
ground plane 42. FIG. 7B shows the structure of a wireless
apparatus with a shorted-monopole antenna according to the
present invention. Its antenna element 716 comprises a
shorted-monopole antenna element 7115 and a connecting
point 7125 used for ground connection to the ground plane
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42. FIG. 7C shows the structure of a wireless apparatus with
a loop antenna according to the present invention. Its antenna
element 71c¢ comprises a loop antenna element 711¢ and a
connecting point 712¢ used for ground connection to the
ground plane 42. FIG. 7D shows the structure of a wireless
apparatus with a planar inverted-F antenna according to the
present invention. Its antenna element 71d comprises a planar
inverted-F antenna element 7114 and a connecting point 7124
used for ground connection to the ground plane 42.

In summary, the wireless apparatus of the present invention
has the advantages of simple structure, easy fabrication, and
better performance of antenna radiation than the conventional
wireless apparatus. The invention can be applied to various
kinds of antenna systems. Therefore, the present invention
has high value of applications in the industry.

Although the present invention has been described with
reference to the preferred embodiments, it will be understood
that the invention is not limited to the details described
thereof. Various substitutions and modifications have been
suggested in the foregoing description, and others will occur
to those of ordinary skill in the art. Therefore, all such sub-
stitutions and modifications are intended to be embraced
within the scope of the invention as defined in the appended
claims.

What is claimed is:

1. A wireless apparatus capable of controlling the radiation
patterns of antenna, comprising:

an antenna element having an operating wavelength, said

antenna element being without a ground connection
point;

a ground plane having a distribution of positive and nega-

tive currents;

an antenna feed-point; and

at least one ground plane negative current suppressing slot

or slit formed on said ground plane for controlling an
angle of maximum radiation of said antenna element,
wherein said antenna element and said ground plane are
connected to said antenna feed-point but said antenna
element is not connected to said ground plane.

2. The wireless apparatus capable of controlling the radia-
tion patterns of antenna as claimed in claim 1, wherein the
shape of said slot or slit is a rectangle.

3. The wireless apparatus capable of controlling the radia-
tion patterns of antenna as claimed in claim 1, wherein the
distance between said antenna feed-point and said slot or slit
is less than half of the operating wavelength of said antenna
element.
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(57) ABSTRACT

An antenna device includes a circuit board, an upper shield
case, a lower shield case, and a power feeding member. The
circuit board has high frequency circuits arranged thereon.
The upper shield case and the lower shield case cover the
circuit board. The power feeding member extends from an
upper plate of the upper shield case. Radiation slots and are
formed in the upper plate. The power feeding member
includes a horizontal portion, a bent portion, and a drooping
portion, and a front end of the drooping portion is mounted
on a land of the circuit board and soldered thereto. The
horizontal portion protrudes from a base end which is
continuous to the upper plate in a horizontal direction. The
bent portion is formed by bending a front end of the
horizontal portion at a right angle. The drooping portion
extends downward from the bent portion.

1 Claim, 2 Drawing Sheets
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1
ANTENNA DEVICE FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna device in
which a slot antenna which excites a radiation slot formed in
a metal plate and a circuit board having high frequency
circuits connected to the slot antenna through a power
feeding member are integrally formed, and more particu-
larly, to a structure of the power feeding member.

2. Description of the Related Art

In this type of an antenna device, power feeding is
implemented by forming a radiation slot in a metal case
which covers a circuit board, thus allowing the case to
function as a slot antenna. Therefore, the antenna device is
suitable for a vehicle because miniaturization and cost
reduction can be easily achieved.

FIG. 5 is a perspective view of a slot antenna according
to the related art (for example, see JP-A-2003-218629 (page
2, FIG. 5). This slot antenna is constructed such that a
radiation slot 2 is formed in an upper plate 1 a of a case
member 1 made of a conductive metal plate so as to be
excited. The radiation slot 2 is formed of an elongated
aperture having a straight shape. Power feeding points 3 and
4 are set on the upper plate 1la at a substantially middle
portion of the radiation slot 2. One of the power feeding
points 3 and 4 is connected to a power feeding circuit, and
the other is connected to a ground. While a power is being
fed, a high frequency current flows along the periphery of
the radiation slot 2, thus exciting the radiation slot 2 with a
predetermined frequency.

In the slot antenna according to the above-described
related art, the case member 1 can be used as a shield case
which covers a circuit board (not shown) by disposing the
upper plate 1 a above the circuit board having high fre-
quency circuits such as a low noise amplification circuit.
Thus, the power feeding points 3 and 4 are electrically
connected to a land on the circuit board through a power
feeding member such as a power feeding pin, so that a
compact antenna device can be realized by making the slot
antenna and the circuit board into one unit.

However, in the antenna device having the above-men-
tioned structure, in order to electrically connect the power
feeding points 3 and 4 of the upper plate 1a to the land on
the circuit board, the power feeding member should be
soldered to each of the power feeding points 3 and 4. Thus,
solder connection work is not only complicated but also may
cause connection defects due to excessively strong stress
applied on a soldered portion of the power feeding member
when displacement is generated in a relative position
between the upper plate 1a and the circuit board. In par-
ticular, when this type of an antenna device is mounted in a
vehicle, displacement may easily occur in the relative posi-
tion between the upper plate 1a and the circuit board due to
thermal expansion which is caused by external vibration and
temperature changes. Thus, for example, whenever the dis-
tance between the upper plate 1a and the circuit board
increases and decreases, strong stress is applied on the
soldered portion of the power feeding member, thus causing
soldering crack to easily occur.

SUMMARY OF THE INVENTION

The present invention has been finalized in view of the
drawbacks inherent in the antenna device according to the
related art, and it is an object of the present invention to
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2

provide an antenna device which can prevent connection
defects of a power feeding member, thus improving reli-
ability.

In order to solve the above-mentioned problem, according
to an aspect of the invention, an antenna device includes a
circuit board on which high frequency circuits are disposed,
a conductive metal plate which is disposed to face the circuit
board and in which radiation slots are formed, and a power
feeding member which is formed of a band-shaped metal
piece extending from the metal plate and of which a front
end thereof is soldered to the high frequency circuits. A
hinge-shaped bent portion is formed between a base end and
the front end of the power feeding member.

In this way, when the power feeding member is formed of
a band-shaped metal piece extending from the metal plate in
which the radiation slots are formed, and a hinge-shaped
bent portion is formed in the power feeding member in
advance, although displacement is generated in a relative
position between the metal plate (the base end side of the
power feeding member) and the circuit board (the front end
side of the power feeding member) by external vibration and
thermal expansion, the displacement can be absorbed by
elasticity of the bent portion or the like. Thus, stress applied
on the soldered portion of the front end of the power feeding
member is decreased, thus preventing soldering cracks from
being generated. In addition, since the base end side of the
power feeding member is continuous to the metal plate,
soldering is not required. Therefore, poor soldering connec-
tion of the power feeding member due to external vibration
and thermal expansion can be effectively prevented. Thus,
assembly efficiency can be improved because soldering
connection work in the power feeding member can be made
simple.

In the antenna device having the above-mentioned struc-
ture, for example, a portion extending from the base end of
the power feeding member to the bent portion thereof is
formed of a horizontal portion which extends along a bent
line or a curved line which is substantially parallel to the
circuit board. Further, a portion extending from the bent
portion of the power feeding member to the front end thereof
is formed of a drooping portion which extends along a line
which is substantially vertical to the circuit board. In this
case, if a thickwise direction of the drooping portion is set
as an X direction, a direction which is parallel to the circuit
board and orthogonal to the X direction is set as a Y
direction, and a direction vertical to the circuit board is set
as a Z-direction since the power feeding member has suf-
ficient elasticity with respect to external force opening and
closing the hinge-shaped bent portion. Displacement is
generated in a relative position between the base end and the
front end of the power feeding member in the X direction or
the Z direction, the power feeding member easily responds
to the displacement. Further, with respect to displacement in
the Y-direction, the power feeding member can correspond
to the displacement by using torsion of the horizontal
portion which extends along the bent line or the curved line.
Therefore, although displacement is generated in the relative
position between the base end and the front end of the power
feeding member in any of the X, Y, and Z directions by
external vibration and thermal expansion, stress applied on
a soldered portion of the power feeding member can be
decreased.

In addition, in the antenna device having the above-
mentioned structure, when the metal plate is an upper plate
of a shield case which covers the circuit board, the number
of components and assembly processes can be decreased
because a slot antenna also serves as a shield case, thereby
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obtaining a small-sized and inexpensive antenna device. In
this case, before a reflow soldering process of mounting
various chip components constituting high frequency cir-
cuits on the circuit board, the shield case is mounted on the
circuit board such that the front end of the power feeding
member is mounted on cream solder of a land. Thus,
complex soldering connection work is not required for the
power feeding member because the power feeding member
can be collectively subjected to reflow soldering together
with the various chip components.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an antenna device accord-
ing to an embodiment of the invention;

FIG. 2 is a cross-sectional view of the antenna device
according to the embodiment of the invention;

FIG. 3 is a perspective view of a power feeding member
of the antenna device according to the embodiment of the
invention;

FIG. 4 is a perspective view of a power feeding member
of an antenna device according to another embodiment of
the invention; and

FIG. 5 is a perspective view of a slot antenna according
to the related art.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hereinafter, an embodiment of the invention will be
described with reference to the accompanying drawings.
FIG. 1 is a perspective view of an antenna device according
to the embodiment of the invention. FIG. 2 is a cross-
sectional view of the antenna device according to the
embodiment of the invention. FIG. 3 is a perspective view
of'a power feeding member of the antenna device according
to the embodiment of the invention.

An antenna device 10 shown in FIGS. 1 and 2 mainly
includes a circuit board 11, an electronic component 12, an
upper shield case 13 made of a metal plate, a power feeding
member 14, and a lower shield case 15 made of a metal
plate. The circuit board 11 has high frequency circuits
arranged thereon. The electronic component 12 is mounted
on the circuit board 11. The upper shield case 13 covers an
upper surface of the circuit board 11. The power feeding
member 14 extending from the upper shield case 13 is a
metal piece formed in a band shape, and has its front end
soldered to the high frequency circuit. The lower shield case
15 covers a lower surface of the circuit board 11. Radiation
slots 16 and 17 are symmetrically formed with respect to a
point on the upper plate 13a of the upper shield case 13, and
they are formed in a Z shape in plan view.

The power feeding member 14 is formed by bending a
portion of the pressed upper shield case 13, and has an
appearance shown in FIG. 3. That is, the power feeding
member 14 includes a horizontal portion 14a, a bent portion
145, and a drooping portion 14¢, and a front end of the
drooping portion 14¢ is mounted on a land 18 of the circuit
board 11 and soldered thereon. The horizontal portion 14a
protrudes from a base end which is continuous to the upper
plate 13a in a horizontal direction and extends in an L shape.
The hinge-shaped bent portion 145 is formed by bending a
front end of the horizontal portion 14a at a right angle. The
drooping portion 14c¢ extends downward from the bent
portion 14b. Accordingly, since the upper plate 13a is
electrically connected to high frequency circuits of the
circuit board 11 through the power feeding member 14, the

20

25

30

35

40

45

50

55

60

65

4

radiation slots 16 and 17 are excited so as to function as slot
antennas. Further, in the present embodiment, by properly
positioning the base end of the power feeding member 14
with respect to each of the radiation slots 16 and 17, the
radiation slots 16 and 17 are excited with a phase difference
of'about 90 degrees so as to function as a circularly polarized
wave antenna.

In this way, the antenna device 10 has a band-shaped
metal piece serving as the power feeding member 14, and
the band-shaped metal piece extends from the upper plate
13a in which the radiation slots 16 and 17 are formed. In the
power feeding member 14, the horizontal portion 14a which
is substantially parallel to the circuit boards 11 connected to
the drooping portion 14¢ which is substantially vertical to
the circuit board 11 at the bent portion 145 such that a
connecting portion between them is formed in a hinge shape.
Thus, although displacement is generated in a relative posi-
tion between the upper plate 13a (the base end side of the
power feeding member 14) and the circuit board 11 (the
front end side of the power feeding member 14) by external
vibration and thermal expansion, the displacement can be
absorbed by elasticity of the bent portion 145 or the like.

That is, assume that a thickwise direction of the drooping
portion 14¢ is set as an X direction, a direction which is
parallel to the circuit board 11 and orthogonal to the X
direction is set as a 'Y direction, and a direction vertical to the
circuit board 11 is set as a Z direction. Because the power
feeding member 14 has sufficient elasticity with respect to an
external force opening and closing the bent portion 145,
even though the displacement is generated in a relative
position between the base end and the front end of the power
feeding member 14 in the X or Z direction, the power
feeding member 14 easily responds to the displacement.
Further, with respect to displacement in the Y direction, the
power feeding member 14 can respond to the displacement
by using torsion of the horizontal portion 14a. Therefore,
although displacement is generated in the relative position
between the base end and the front end of the power feeding
member 14 in any of the X, Y, and Z directions by external
vibration and thermal expansion, stress applied on a sol-
dered portion located at the front end side of the power
feeding member 14 can be decreased, thus preventing sol-
dering cracks or the like from being generated. In addition,
since the base end side of the power feeding member 14 is
continuous to the upper plate 13a, soldering does not need
to be performed to the continuous portion. For this reason,
the antenna device 10 can effectively prevent poor soldering
connection of the power feeding member 14 due to external
vibration and thermal expansion, thus improving reliability.

In addition, in this antenna device 10, the upper shield
case 13 functions as a slot antenna. Thus, the number of
components and assembly processes can be decreased, and
miniaturization and cost reduction can be easily enhanced.
Assembly efficiency can be further improved by the follow-
ing method. Before a reflow soldering process for mounting
various chip components constituting high frequency cir-
cuits on the circuit board 11, the upper shield case 13 is
mounted on the circuit board 11 such that the front end of the
power feeding member 14 is mounted on cream solder of the
land 18. Thus, complex soldering connection work is not
required for the power feeding member 14 because the
power feeding member 14 can be collectively subjected to
reflow soldering together with the various chip components,
which further improves assembly efficiency.

Further, in the above-described embodiment, although the
horizontal portion 14a of the power feeding member 14
extends along a bent line formed in an L-shape which is
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substantially parallel to the circuit board 11, the horizontal
portion 14a may extend along a curved line which is
substantially parallel to the circuit board 11. Furthermore,
the circularly polarized wave slot antenna in which a pair of
the radiation slots 16 and 17 are formed has been described.
However, the present invention relates to the structure of a
power feeding member, and the invention may be applied to
a linearly polarized wave slot antenna.

FIG. 4 is a perspective view of essential parts showing a
power feeding member of an antenna device according to
another embodiment of the invention. In FIG. 4, constituent
elements corresponding to those of FIG. 3 are denoted by the
same reference numerals.

The power feeding member 14 shown in FIG. 4 has a
different shape of a base end from that of the above-
described embodiment. The power feeding member 14
includes a second drooping portion 14d, a second bent
portion 14e, a horizontal portion 14a, a bent portion 145, and
a drooping portion 14¢. The second drooping portion 144
protrudes downward from the base end which is continuous
to the upper plate 13a. The second bent portion 14e is
formed by bending a front end of the second drooping
portion 144 at a right angle. The horizontal portion 14a
protrudes from the second bent portion 14e in a horizontal
direction so as to extend in a substantially L. shape. The bent
portion 145 is formed by bending the front end of the
horizontal portion 14a at a right angle. The drooping portion
14¢ extends downward from the bent portion 144. In this
way, when the second drooping portion 144 and the second
bent portion 14e are additionally provided in the power
feeding member 14, although displacement is generated in a
relative position between the base end and the front end of
the power feeding member 14 on a plane parallel to the
circuit board 11, the displacement is reliably absorbed by the
elasticity of the bent portion 145 and the elasticity of the
second bent portion 14e. Therefore, poor soldering connec-
tion of the power feeding member 14 due to external
vibration and thermal expansion can be more effectively
prevented.
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The antenna device of the invention is constructed such
that the power feeding member is formed by extending the
band-shaped metal piece having a hinge-shaped bent portion
from the metal plate in which the radiation slots are formed,
and the front end of the power feeding member is soldered
to the land of the circuit board. Thus, although displacement
is generated in a relative position between the slot antenna
and the circuit board by external vibration and thermal
expansion, the displacement can be absorbed by elasticity of
the bent portion or the like, thereby decreasing the stress
applied on the soldered portion of the power feeding mem-
ber. For this reason, poor soldering connection of the power
feeding member can be effectively prevented, so that reli-
ability can be improved. In addition, assembly efficiency can
be improved because soldering connection work in the
power feeding member can be made simple.

The invention claimed is:

1. An antenna device comprising:

a circuit board on which high frequency circuits are

disposed;

a conductive metal plate which is disposed to face the
circuit board and in which radiation slots are formed;
and

a power feeding member which is formed of a band-
shaped metal piece extending from the metal plate and
of which a front end is soldered to the high frequency
circuits;

wherein the power feeding member comprises a first
planar portion that is disposed on a plane between the
circuit board and the conductive metal plate, the first
portion being substantially parallel to the circuit board
and the conductive metal plate, and wherein a first
vertical portion connects one end of the first planar
portion to the metal plate and a second vertical portion
connects the other end of the first planar portion to at
least one high frequency circuit

wherein the antenna device is mounted in a vehicle.
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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 par-
ticularly to a multi-band antenna which is adapted for
configuring in portable electrical devices.

2. The Related Art

There is a growing requirement for multi-band antennas
used in wireless communication devices to adapt multi-band
operation of wireless communication devices. It is necessary
that an antenna adapting to being configured in wireless
communication devices is capable of operating in various
wireless communication bands such as GSM850 (Global
System for Mobile communications), EGSM (Extended
Global System for Mobile communications), DCS1800
(Digital Cellular System), PCS1900 (Personal Conferencing
Specification), W-CDMA2100 (Wideband Code Division
Multiple Access), Wi-Fi (Wireless Fidelity), etc.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a multi-
band antenna operating in various wireless communication
bands.

According to the invention, the multi-band antenna
includes an antenna body defining opposite ends and a
feeding conductor connecting to the antenna body. The
antenna body has a first radiating branch defining opposite
elongated edges, a second radiating branch extending from
one end of the first radiating branch and a third radiating
branch extending from the other end of the first radiating
branch. Wherein the length of the first radiating branch is
larger than the length of the second radiating branch and the
length of the first radiating branch is also larger than the
length of the third radiating branch.

The feeding conductor is curved to U-shape having a
feeding point. The feeding conductor has opposite side arms
and a connecting portion. One end of each side arm respec-
tively connects to the second radiating branch and the other
end of each side arm respectively connects both ends of the
connecting portion. An outer edge of one of the side arms is
at the same level with an area where the first radiating
branch connects to the second radiating branch. The feeding
point is arranged at a corner of the feeding conductor near
the outer edge connecting the first radiating branch.

While the multi-band antenna operates at wireless com-
munication, the multi-band antenna has a low frequency
bandwidth and a high frequency harmonic bandwidth.
According to the position where the feeding conductor
connects to the antenna body, and the position where the
feeding point is arranged at the corner of the feeding
conductor, the multi-band antenna has a preferred range of
the low frequency bandwidth and the high frequency har-
monic bandwidth. Therefore, the low frequency bandwidth
of the multi-band antenna includes GSM850 and EGSM
bands and the high frequency harmonic bandwidth of the
multi-band antenna includes DCP1800, PCS1900,
W-CDMA2100 and Wi-Fi bands.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be apparent to those skilled in
the art by reading the following description of a preferred
embodiment thereof, with reference to the attached draw-
ings, in which:
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FIG. 1 shows the structure of a preferred embodiment of
a multi-band antenna according to the present invention; and

FIG. 2 illustrates the multi-band antenna configured in a
notebook.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Please refer to FIG. 1, which shows the structure of a
preferred embodiment of a multi-band antenna 100 accord-
ing to the present invention. The multi-band antenna 100 is
made of metallic substances for example, making from a
metal foil, printing on a printed circuit board and etc, having
an antenna body 1 and a feeding conductor 2.

The antenna body 1 defining a first end 13 and a second
end 14 includes a first radiating branch 10 defining opposite
elongated edges. A second radiating branch 11 having the
first end 13 extends from one end of the first radiating branch
10. In this case, the width of the first radiating branch 10 is
narrower than the width of the second radiating branch 11
and the length of the first radiating branch 10 is longer than
the length of the second radiating branch 11. A third radi-
ating branch 12 having the second end 14 extends from the
other end of the first radiating branch 10. The third radiating
branch 12 is perpendicular to the first radiating branch 10. In
this case, the length of the third radiating branch 12 is shorter
than the length of the first radiating branch 10 and the width
of'the third radiating branch 12 is wider than the width of the
first radiating branch 10. In this case, both the second
radiating branch 11 and the third radiating branch 12 project
toward the same direction.

The feeding conductor 2 connects to the antenna body 1.
In this case, the feeding conductor 2 extends from an edge
of the second radiating branch 11. In this case, the feeding
conductor 2 and the second radiating branch 11 project to
opposite directions. The feeding conductor 2 is curved to
form U-shape having a first side arm 20, a second side arm
21 opposite to the first side arm 20 and a connecting portion
22. The first and second side arms 20, 21 respectively have
an inner edge facing each other and an outer edge opposite
to the inner edge. One end of the first and second side arms
20, 21 respectively connects to the second radiating branch
11. The other end of the first and second side arms 20, 21
respectively connects to both ends of the connecting portion
22.

In this case, the outer edge of the first side arm 20 is at the
same level with an area where the first radiating branch 10
connects to the second radiating branch 11. A feeding point
3 is arranged at a corner where the first side arm 20 connects
to the connecting portion 22. A grounding portion 4 is
arranged around the feeding conductor 2. In this case, the
grounding portion 4 is arranged to close a corner where the
first branch 10 connects to the first side arm 20 of the feeding
conductor 2.

Referring to FIG. 2, the multi-band antenna 100 is folded
for fitting in portable electrical devices. In this case, the
multi-band antenna 100 is configured in a laptop 200. The
first radiating branch 10, the second radiating branch 11 and
the third radiating branch 12 are located on a top 201 of a
display of the laptop 200. An end portion of the third
radiating branch 12 is located on a front surface 202 of the
display of the laptop 200. The feeding conductor 2 and the
grounding portion 4 are located on a back surface 203 of the
display of the laptop 200. In this case, the grounding portion
1 electronically connects to a ground of the laptop 200.
Otherwise, in a further embodiment, the grounding portion
4 could be the ground of the laptop 200. The laptop 200 can
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operate the multi-band antenna 100 through a cable 204
connecting to the feeding point 3 of the multi-band antenna
100 and the ground portion 4 for sending and receiving
wireless signal.

While the multi-band antenna 100 operates at wireless
communication, the multi-band antenna 100 resonates a low
frequency bandwidth and a high frequency harmonic band-
width. In this case, a length from the feeding conductor 2
connecting the antenna body 1 to the second end 14 of the
antenna body 1 is a quarter of the wavelength of the low
frequency bandwidth. A length from the feeding conductor
2 connecting the antenna body 1 to the first end 13 of the
antenna body 1 is a quarter of the wavelength of the high
frequency harmonic bandwidth.

Therefore, according to the position where the feeding
conductor 2 connects to the antenna body 1 and the position
where the feeding point 3 is arranged at the corner of the
feeding conductor 2, the multi-band antenna 100 has a
preferred low frequency bandwidth and a high frequency
harmonic bandwidth. Because the outer edge of the feeding
conductor 2 is at the same level with the area where the first
radiating branch 10 connecting the second radiating branch
11 and the feeding point 3 is arranged at the corner where the
first side arm 20 connecting to the connecting portion 22, the
low frequency bandwidth of the multi-band antenna 100
includes GSM850 and EGSM bands and the high frequency
harmonic bandwidth of the multi-band antenna 100 includes
DCP1800, PCS1900, W-CDMA2100 and Wi-Fi bands.

Moreover, the U-shape feeding conductor 2 is designed
for balancing horizontal polarization and vertical polariza-
tion of the multi-band antenna 100 and enhancing the low
frequency bandwidth of the multi-band antenna 100.

Furthermore, the present invention is not limited to the
embodiments 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,
respective embodiments may be appropriately combined.

What is claimed is:

1. A multi-band antenna comprising:

an antenna body having a first radiating branch having
opposite elongated edges, a second radiating branch
extending from one end of said first radiating branch, a
third radiating branch extending from the other end of
said first radiating branch and perpendicular to said first
radiating branch, said second and third radiating
branches projecting to the same direction;

a feeding conductor substantially formed U-shape and
connecting to said antenna body, said feeding conduc-
tor and said second radiating branch projecting to
opposite directions, said feeding conductor extending
from an area where said first radiating branch connect-
ing said second radiating branch; and

a feeding point arranged at a corner of said feeding
conductor.

2. The multi-band antenna as claimed in claim 1, wherein
the length of said first radiating branch is longer than the
length of said second radiating branch, the width of said first
radiating branch is narrower than the width of said second
radiating branch, the length of said third radiating branch is
shorter than said length of said first radiating branch, the
width of third radiating branch is wider than said width of
said first radiating branch.

3. The multi-band antenna as claimed in claim 1, wherein
said feeding conductor has a first side arm, a second side arm
which is opposite to said first side arm, and a connecting
portion, said first and second side arms respectively have an
inner edge facing each other and an outer edge opposite to
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said inner edge, one end of said first and second side arms
respectively connects to said second radiating branch and
the other end of said first and said second side arms
respectively connects to both ends of said connecting por-
tion, said outer edge of said first side arm is at the same level
with said area, said feeding point is arranged at said corner
where said first side arm connects to said connecting portion.

4. The multi-band antenna as claimed in claim 1, further
comprising a grounding portion arranged around said feed-
ing conductor.

5. The multi-band antenna as claimed in claim 4, wherein
said antenna body is located on a top of a display of a laptop,
a free end portion of said third radiating branch is located on
a front surface of said display of said laptop, said feeding
conductor and said grounding portion are located on a back
surface of said display of said laptop, said laptop operates
said multi-band antenna through a cable connecting to said
feeding point and said grounding portion.

6. The multi-band antenna as claimed in claim 5, wherein
said grounding portion electronically connects to a ground
of said laptop.

7. A multi-band antenna operating at a low frequency
bandwidth and a high frequency bandwidth two to three
frequency higher than said lower frequency bandwidth com-
prising:

an elongated antenna body having a first end and a second

end, said antenna body having a first radiating branch,
a second radiating branch having said first end and
extending from one end of said first radiating branch
and a third radiating branch having said second end and
extending from the other end of said first radiating
branch;

a feeding conductor connecting to said antenna body
having a first side arm, a second side arm opposite to
said first side arm and a connecting portion, one end of
said first and second side arms respectively connecting
both ends of said connecting portion, the other end of
said first and second side arms respectively connecting
said antenna body, a length from said feeding conductor
connecting said antenna body to said first end substan-
tially a quarter of the wavelength of said high fre-
quency bandwidth, a length from said feeding conduc-
tor connecting said antenna body to said second end
substantially a quarter of the wavelength of said low
frequency bandwidth; and

a feeding point arranged at a corner where said first side
arm connects to said connecting portion.

8. The multi-band antenna as claimed in claim 7, wherein
the length of said first radiating branch is longer than the
length of said second radiating branch, the width of said first
radiating branch is narrower than the width of said second
radiating branch, the length of said third radiating branch is
shorter than said length of said first radiating branch, the
width of said third radiating branch is wider than said width
of said first radiating branch.

9. The multi-band antenna as claimed in claim 7, wherein
said first and second side arms respectively have an outer
edge opposite to each other, said outer edge of said first side
arm is at same level with an area where said first radiating
branch connects to said second radiating branch.

10. The multi-band antenna as claimed in claim 9, further
comprising a grounding portion arranged around said feed-
ing point.
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11. The multi-band antenna as claimed in claim 10, 12. The multi-band antenna as claimed in claim 11,
wherein said multi-band antenna is folded to fit for being wherein said grounding portion is a ground of said portable
configured in a portable electronic device, said antenna body electronic device.

and said feeding conductor is substantially located on dif-
ferent planes of said portable electronic device. I T S






_1276150111.pdf
United States Patent

US007385556B2

(12) (10) Patent No.: US 7,385,556 B2
Chung et al. 45) Date of Patent: Jun. 10, 2008
(54) PLANAR ANTENNA 6,933,902 B2*  8/2005 Yeh ...coovvviniireeeenenann. 343/762
7,106,259 B2* 9/2006 Tseng et al. ................ 343/702
(75) Inventors: Cho-Ju Chung, Talpel Hsien (TW), 7,183,981 B1* 2/2007 Chao ............. ... 343/700 MS
Teng-Huei Chu, Taipei Hsien (TW) 7,259,720 B2*  8/2007 RYU .oooocorrerrennnn 343/700 MS
(73) Assignee: Hon Hai Precision Industry Co., Ltd., FORBIGN PATENT DOCUMENTS
Tu-Cheng, Taipei Hsien (TW) CN 1819337 A 8/2006
" .
(*) Notice: Subject to any disclaimer, the term of this cited by examiner
patent is extended or adjusted under 35 Primary Examiner—Trinh V Dinh
U.S.C. 154(b) by 0 days. (74) Attorney, Agent, or Firm—Wei Te Chung
(21) Appl. No.: 11/615,019 57 ABSTRACT
(22) Filed: Dec. 22, 2006 A planar antenna (20) includes a radiating body (21), a
feeding portion (22), and a first metallic ground plane (24).
(65) Prior Publication Data The radiating body includes a first radiating portion (212)
extending away from the feeding portion and a second
US 2008/0106473 Al May 8, 2008 radiating portion (214) extending away from the feeding
(51) Int. CL port%on next to the first radiating portign. The first radiating
HO10 1/38 (2006.01) portion includes an open eI}d (2122.) dlsposeq at an extend-
(52) US.Cl 343/700 MS: 343/305: ing end of. the first r.adlatlng portion to point .toward the
T e 343/34 6’ 143 /829’ second radiating portion, and a connecting portion (2124).
. . . ’ The second radiating portion includes a free end (2144)
(58) Field of .Cla.ss1ﬁcat10n Search ............... None disposed at an extending end of the second radiating portion
See application file for complete search history. to point toward the first radiating portion, and an end (2146)
(56) References Cited connected to the connecting portion. A first gap (26) is
formed between the open end and the free end. The open
U.S. PATENT DOCUMENTS end, the first gap and the free end are aligned with one
5,926,139 A *  7/1999 KOTSCh ..vevreeveeeeeenan 343/702  another.
6,094,170 A * 7/2000 Peng 343/700 MS
6,930,640 B2* 82005 Chung et al. ........ 343/700 MS 18 Claims, 11 Drawing Sheets

2146





U.S. Patent Jun. 10, 2008 Sheet 1 of 11 US 7,385,556 B2

fa//\_/ 8
&
7\
- —
D ¥
— <
LT N 2 \
| | HB
oV U —
N~ |_|<:
Lo ]
L]
Y
A4

44

40
20






U.S. Patent Jun. 10, 2008 Sheet 2 of 11 US 7,385,556 B2






US 7,385,556 B2

Sheet 3 of 11

Jun. 10, 2008

U.S. Patent

10

104

3

FIG,





U.S. Patent Jun. 10, 2008 Sheet 4 of 11 US 7,385,556 B2

de2

94
/
/
7 g
/ s
/ s
oy 4
% %
e
-/ ///,
% )
7 o d4
S e
% /
% /
7, s
e /
s i
,// / e
/

] dl
s g
ey
-
//
s

%
s

/

4

4

S
|/

s

L/

s

%

s

/

T
|

I
/ S
S

S
S

S
oy e






U.S. Patent Jun. 10, 2008 Sheet 5 of 11 US 7,385,556 B2

—|S11|
2.4
S
0 !
N\
5 ~
e -5
v \
W0 |
n -10 !
O
c -15
C
S
_'-)
U -20 —-1- -
v
-25 ’
1.0 15 2.0 2o 3.0 3.5 4.0

Frequency (GHZ)

FIG S





US 7,385,556 B2

Sheet 6 of 11

Jun. 10, 2008

U.S. Patent

00

9

P
/
~d

X
/

180°

270°

FIG.

6





US 7,385,556 B2

Sheet 7 of 11

Jun. 10, 2008

U.S. Patent

5-40-35
~7

1

=~
-4
»

b

\
\
j
sy
<

7
/

Y

270°

FIG.

v





US 7,385,556 B2

Sheet 8 of 11

Jun. 10, 2008

U.S. Patent

T 1

~45 -40-35
A

t'4
\

A

270°

FIG.

8





U.S. Patent Jun. 10, 2008 Sheet 9 of 11 US 7,385,556 B2

A
)
1
}

45 -40-35 -30
] i

'

~ /
~,






U.S. Patent Jun. 10, 2008 Sheet 10 of 11 US 7,385,556 B2

A
\
[}
}

| -
-t

]
i
L

1
-40-35-30
=) !

]
i
'I
L
|
1
]
1
1
\

B I

270°





US 7,385,556 B2

Sheet 11 of 11

Jun. 10, 2008

U.S. Patent

o0°

270°

FIG.

11





US 7,385,556 B2

1
PLANAR ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to antennas, and particularly to a
planar antenna.

2. Description of Related Art

Wireless communication devices, such as mobile phones,
wireless cards, and access points, wirelessly radiate signals
via electromagnetic waves. Thus, remote wireless commu-
nication devices can receive the signals without the need for
cables.

In a wireless communication device, the antenna is a key
element for radiating and receiving radio frequency signals.
Characteristics of the antenna, such as radiation efficiency,
orientation, frequency band, and impedance matching, have
a significant influence on performance of the wireless com-
munication device. Nowadays, there are two kinds of anten-
nas, built-in antennas and external antennas. Compared to
the external antenna, the size of the built-in antenna is
smaller, and the body of the built-in antenna is protected and
not easily damaged. Thus, the built-in antenna is commonly
employed in wireless communication devices. Common
built-in antennas include low temperature co-fired ceramic
(LTCC) antennas and printed antennas. The LTCC antenna
has good performance at high frequencies and at high
temperatures, but is expensive. A common type of printed
antenna is the planar inverted-F antenna. Compared to
LTCC antennas, planar inverted-F antennas are small, light,
thin, and inexpensive. Accordingly, planar inverted-F anten-
nas are mostly used in wireless communication devices.

In general, the planar inverted-F antenna is a printed
circuit disposed on a substrate for radiating and receiving
radio frequency signals. FIG. 1 is a schematic plan view of
a conventional planar inverted-F antenna. The planar
inverted-F antenna disposed on a substrate 10 includes a
metallic ground plane 20, a radiating part 30, an open-short
transforming part 40, and a feeding part 50. The metallic
ground plane 20 is laid on the substrate 10, and includes an
opening 60. The radiating part 30 includes an open end 31
and a first connecting end 33. The open end 31 terminates
the radiating part 30.

The open-short transforming part 40 is connected between
the radiating part 30 and the metallic ground plane 20, and
includes a second connecting end 41 and a third connecting
end 44. The third connecting end 44 is connected to the
metallic ground plane 20. The second connecting end 41 is
connected to the first connecting end 33 at a joint portion 70.
The feeding part 50 is connected to the joint portion 70, for
feeding signals. The feeding part 50 is connected to a
matching circuit (not shown) through the opening 60.

In recent years, more attention has been paid on devel-
opment of small-sized and low-profile wireless communi-
cation devices. Antennas, as key elements of wireless com-
munication devices, have to be miniaturized accordingly.
Although, the above-described planar inverted-F antenna is
smaller than an external antenna, it is still too large for newer
smaller wireless communication devices, and the profile of
the above-described planar inverted-F antenna cannot be
further reduced. Therefore, what is needed is another planar
antenna with a miniaturized compact profile and better
performance.

20

25

30

35

40

45

50

55

60

65

2
SUMMARY OF THE INVENTION

An exemplary embodiment of the present invention pro-
vides a planar antenna disposed on a substrate including a
first surface and a second surface. The planar antenna
includes a radiating body laid on the first surface for
transmitting and receiving radio frequency (RF) signals, a
feeding portion for feeding signals, and a first metallic
ground plane laid on the second surface of the substrate. The
radiating body includes a meandering first radiating portion
extending away from the feeding portion, and a second
radiating portion extending away from the feeding portion
next to the first radiating portion. The first radiating portion
includes an open end disposed at an extending end thereof
to point toward the second radiating portion, and a connect-
ing portion disposed at another end thereof. The second
radiating portion includes a free end disposed at an extend-
ing end thereof to point toward the first radiating portion,
and an end connected to the connecting portion. A first gap
is formed between the open end of the first radiating portion
and the free end of the second radiating portion. The open
end, the first gap, and the free end are aligned with one
another. The feeding portion is laid on the first surface and
electrically connected to the connecting portion. The first
ground plane is electrically connected to the second radiat-
ing portion through a via.

Other advantages and novel features will become more
apparent from the following detailed description when taken
in conjunction with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view of a conventional planar
inverted-F antenna;

FIG. 2 is a schematic plan view of a planar antenna of an
exemplary embodiment of the present invention;

FIG. 3 is similar to FIG. 2, but viewed from another
aspect;

FIG. 4 is a schematic plan view illustrating dimensions of
the planar antenna of FIG. 2;

FIG. 5 is a graph of test results showing a return loss of
the planar antenna of FIG. 2;

FIG. 6 is a graph of test results showing a horizontal
polarization radiation pattern when the planar antenna of
FIG. 2 is operated at 2.40 GHz;

FIG. 7 is a graph of test results showing a horizontal
polarization radiation pattern when the planar antenna of
FIG. 2 is operated at 2.45 GHz;

FIG. 8 is a graph of test results showing a horizontal
polarization radiation pattern when the planar antenna of
FIG. 2 is operated at 2.50 GHz;

FIG. 9 is a graph of test results showing a vertical
polarization radiation pattern when the planar antenna of
FIG. 2 is operated at 2.40 GHz;

FIG. 10 is a graph of test results showing a vertical
polarization radiation pattern when the planar antenna of
FIG. 2 is operated at 2.45 GHz; and

FIG. 11 is a graph of test results showing a vertical
polarization radiation pattern when the planar antenna of
FIG. 2 is operated at 2.50 GHz.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 2 is a schematic plan view of a planar antenna 20 of
an exemplary embodiment of the present invention. In the
exemplary embodiment, the planar antenna 20 is a printed
straight F antenna, and disposed on a substrate 10.
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Referring also to FIG. 3, the substrate 10 comprises a first
surface 102 and a second surface 104.

The planar antenna 20 comprises a radiating body 21, a
feeding portion 22, a first metallic ground plane 24 and a
second metallic ground plane 25.

The radiating body 21 transmits and receives radio fre-
quency (RF) signals, and is printed on the first surface 102.
The radiating body 21 comprises a meandering first radiat-
ing portion 212 extending away to the feeding portion 22,
and an L-shaped second radiating portion 214 extending
away to the feeding portion 22 next to the first radiating
portion 212. The first radiating portion 212 comprises an
open end 2122 located at an extending end thereof to point
toward the second radiating portion 214, and a connecting
portion 2124 located at another end thereof. The second
radiating portion 214 comprises a free end 2144 located at
an extending end thereof to point toward the first radiating
portion 212, and an end 2146 connected to the connecting
portion 2124. A first gap 26 is formed between the free end
2144 and the open end 2122. The open end 2122, the first
gap 26, and the free end 2144 are aligned with one another.
The second radiating portion 214 is electrically connected to
the connecting portion 2124 via the end 2146 thereof. The
second radiating portion 214 comprises a short portion 2142
positioned in a right-angled corner thereof. The short portion
2142 is electrically connected to ground.

In an alternative embodiment, the number of overlapping
portions of the first radiating portion 212 can be varied.

In the exemplary embodiment, the first radiating portion
212 increases bandwidth of the planar antenna 20.

In the embodiment, the route of the electromagnetic wave
is indirect, allowing precise control over the length of the
route followed by the electromagnetic wave. The length of
the route of the electromagnetic wave from the open end
2122 to the short portion 2142 must be kept to a predeter-
mined length, such as substantially a fourth of the working
wavelength of the planar antenna 20, and so the route is
configured in a switchback pattern. Therefore, relatively
speaking, the planar antenna 20 of the present invention is
configured in a compact manner allowing use in newer
smaller wireless communication devices. That is, the planar
antenna 20 has a lower profile and a smaller size.

In addition, the planar antenna 20 has a better radiation
pattern due to the first radiating portion 212. And, the planar
antenna 20 has a lower profile and a smaller size because of
the first gap 26 formed between the free end 2144 and the
open end 2122.

The feeding portion 22 is electrically connected to the
connecting portion 2124, for feeding signals. The feeding
portion 22 is substantially parallel to the second radiating
portion 214 between the short portion 2142 and the free end
2144, and is also electrically connected to a matching circuit
(not shown), for generating a matching impedance.

The first metallic ground plane 24 is printed on the second
surface 104 of the substrate 10, and is electrically connected
to the short portion 2142 of the second radiating portion 214
through a via 23.

The second metallic ground plane 25 is printed on the first
surface 102 of the substrate 10, and adjacent to the second
radiating portion 214 and the feeding portion 22. An
L-shaped second gap 27 is formed between the second
metallic ground plane 25, and the second radiating portion
214 and the feeding portion 22. Thus, the planar antenna 20
has a better return loss due to the second gap 27.

FIG. 4 is a schematic plan view illustrating dimensions of
the planar antenna 20 of FIG. 2. In the exemplary embodi-
ment, a length d2 of the planar antenna 20 is generally 6.9
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mm, and a width d1 of the planar antenna 20 is generally 5.9
mm. A width d3 of the radiating body 21 is generally 0.4
mm. A width d4 of the first gap 26 is generally 1.8 mm. A
width d5 of the first gap 26 is generally 0.4 mm.

FIG. 5 is a graph of test results showing a return loss of
the planar antenna 20 when used in a wireless communica-
tion device, with the return loss as its vertical coordinate
thereof and the frequency as its horizontal coordinate. When
the planar antenna operates at frequency bands of 2.4~2.5
GHz, return loss drops below -10 dB, which satisfactorily
meets normal practical requirements.

FIGS. 6-11 are graphs of test results showing vertical/
horizontal polarization radiation patterns when the planar
antenna 20 of FIG. 2 is operated at 2.40 GHz, 2.45 GHz, and
2.50 GHz, respectively. As seen, all of the radiation patterns
are substantially omni-directional.

With the above-described configuration, the planar
antenna 20 has a lower profile, a smaller size, a better return
loss, and an omni-directional radiation pattern.

Although various embodiments have been described
above, the structure of the planar antenna should not be
construed to be limited for use in respect of IEEE 802.11
only. When the size and/or shape of the planar antenna is
changed or configured appropriately, the planar antenna can
function according to any of various desired communication
standards or ranges. Further, in general, the breadth and
scope of the invention should not be limited by the above-
described exemplary embodiments, but should be defined
only in accordance with the following claims and their
equivalents.

What is claimed is:

1. A planar antenna disposed on a substrate comprising a
first surface and a second surface, the planar antenna com-
prising:

a feeding portion laid on the first surface for feeding

signals to the antenna;

a radiating body laid on the first surface for transmitting
and receiving radio frequency (RF) signals, the radiat-
ing body comprising a meandering first radiating por-
tion extending away from the feeding portion and a
second radiating portion extending away from the
feeding portion next to the first radiating portion, the
first radiating portion comprising an open end disposed
at an extending end thereof to point toward the second
radiating portion and a connecting portion disposed at
another end thereof, the second radiating portion com-
prising a free end disposed at an extending end of the
second radiating portion to point toward the first mean-
dering radiating portion and an end connected to the
connecting portion, a first gap formed between the open
end of the first radiating portion and the free end of the
second radiating portion, and the open end, the first gap
and the free end being aligned with one another; and

a first metallic ground plane, laid on the second surface of
the substrate, the first ground plane electrically con-
nected to the second radiating portion through a via.

2. The planar antenna as claimed in claim 1, wherein the
second radiating portion is generally L-shaped.

3. The planar antenna as claimed in claim 2, wherein the
second radiating portion comprises a short portion located in
a right-angled corner thereof.

4. The planar antenna as claimed in claim 2, wherein a
length of the route of the electromagnetic wave from the
open end to the short portion is generally equal to a fourth
of the working wavelength of the planar antenna.





US 7,385,556 B2

5

5. The planar antenna as claimed in claim 1, further
comprising a second metallic ground plane laid on the first
surface of the substrate.

6. The planar antenna as claimed in claim 5, wherein a
second gap is formed among the second radiating portion,
the feeding portion, and the second ground plane.

7. An assembly comprising:

a substrate; and

an antenna disposed on said substrate, and comprising a

feeding portion for feeding signals to said antenna, a
radiating body electrically connectable with said feed-
ing portion to transmit and receive radio frequency
(RF) signals for said antenna, said radiating body
comprising a first radiating portion extending away
from said feeding portion and a second radiating por-
tion extending away from said feeding portion next to
said first radiating portion, said first radiating portion
comprising an open end disposed at an extending end
of said first radiating portion to point toward said
second radiating portion, said second radiating portion
comprising a free end disposed at an extending end of
said second radiating portion to point toward said first
radiating portion, a gap formed between said open end
of said first radiating portion and said free end of said
second radiating portion, and said open end, said gap
and said free end being aligned with one another.

8. The assembly as claimed in claim 7, further comprising
a metallic ground plane disposed on said substrate opposite
to said antenna, said ground plane electrically connectable
with said second radiating portion through a via.

9. The assembly as claimed in claim 7, wherein said
second radiating portion is generally L-shaped.

10. The assembly as claimed in claim 7, wherein said
second radiating portion comprises a short portion located in
a right-angled corner thereof.

11. The assembly as claimed in claim 7, wherein a second
gap is formed among said second radiating portion, said
feeding portion, and a metallic ground plane formed on the
same surface of said substrate as said radiating body.

12. An assembly comprising:

a substrate comprising a first surface and a second surface

opposite to said first surface; and

an antenna disposed on said substrate, and comprising a

feeding portion on said first surface for feeding signals
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to said antenna, a radiating body on said first surface
electrically connectable with said feeding portion to
transmit and receive radio frequency (RF) signals for
said antenna, said radiating body comprising a first
radiating portion extending away from said feeding
portion and a second radiating portion extending away
from said feeding portion next to said first radiating
portion, said first radiating portion comprising an open
end disposed at an extending end of said first radiating
portion, said second radiating portion comprising a free
end disposed at an extending end of said second
radiating portion, a metallic ground plane disposed on
said second surface of said substrate, said ground plane
electrically connectable with said second radiating por-
tion through a via, and said open end, said free end and
said via being aligned with one another.

13. The assembly as claimed in claim 12, wherein said
open end of said first radiating portion is disposed to point
toward said second radiating portion, and said free end of
said second radiating portion is disposed to point toward
said first radiating portion.

14. The assembly as claimed in claim 13, wherein said
open end of said first radiating portion and said free end of
said second radiating portion are disposed to point toward
each other.

15. The assembly as claimed in claim 12, further com-
prising a gap formed between said open end of said first
radiating portion and said free end of said second radiating
portion to align with said open end, said free end and said
via.

16. The assembly as claimed in claim 12, wherein said
second radiating portion is generally L-shaped.

17. The assembly as claimed in claim 12, wherein said
second radiating portion comprises a short portion located in
a right-angled corner thereof.

18. The assembly as claimed in claim 12, wherein a
second gap is formed among said second radiating portion,
said feeding portion, and another metallic ground plane
formed on said first surface.
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CAPACITIVE FEED ANTENNA

REFERENCE TO RELATED APPLICATIONS

The present application is related to U.S. Provisional
Patent Application Ser. No. 60/654,013 filed Feb. 17, 2005,
and entitted CERAMIC FED MULTI-POLE ANTENNA
and to U.S. Provisional Patent Application Ser. No. 60/673,
588 filed Apr. 21, 2005, and entitled ANTENNAS, the
disclosures of which are hereby incorporated by reference
and priority of which is hereby claimed pursuant to 37 CFR
1.78(a) (4) and (5)().

FIELD OF THE INVENTION

The present invention relates to antennas generally and
more particularly to capacitive feed antennas.

BACKGROUND OF THE INVENTION

The following patent documents are believed to represent
the current state of the art:
U.S. Pat. Nos. 6,680,705 and 5,764,190.

SUMMARY OF THE INVENTION

The present invention seeks to provide an improved
capacitive antenna.

There is thus provided in accordance with a preferred
embodiment of the present invention an antenna including a
first monopole radiating element having a galvanic connec-
tion to an antenna feed and second and third monopole
radiating elements having a capacitive connection to the
antenna feed.

In accordance with a preferred embodiment of the present
invention the antenna also includes a capacitor providing the
capacitive connection, the capacitor including a dielectric
cylinder supporting the second and third monopole radiating
elements and a conductive connection assembly extending
interiorly of the dielectric cylinder and having a galvanic
connection with the antenna feed.

In accordance with another preferred embodiment of the
present invention the second and third monopole radiating
elements are defined by a single bent wire having first and
second portions having differing lengths. Preferably, the first
and second portions having differing lengths have respective
first and second ends which lie in mutually spaced coplanar
overlapping relationship. Additionally or alternatively, the
antenna feed is integrally formed with the first monopole
radiating element.

There is also provided in accordance with a further
preferred embodiment of the present invention an antenna
including first and second monopole radiating elements
having a galvanic connection to an antenna feed and a third
monopole radiating element having a capacitive connection
to the antenna feed.

In accordance with a further preferred embodiment of the
present invention the antenna also includes a capacitor
providing the capacitive connection, the capacitor including
a dielectric cylinder supported on the second and third
monopole radiating elements and supporting the third mono-
pole radiating element.

In accordance with yet a further preferred embodiment of
the present invention the first and second monopole radiat-
ing elements are defined by a single bent wire having first
and second portions having differing lengths. Preferably, the
first and second portions having differing lengths have
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respective first and second ends which lie in mutually spaced
coplanar overlapping relationship.

In accordance with an additional preferred embodiment of
the present invention the antenna feed engages an electri-
cally conductive surface of a printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated
more fully from the following detailed description, taken in
conjunction with the drawings in which:

FIGS. 1A, 1B, 1C and 1D are respective simplified
exploded view, pictorial, top view and sectional view illus-
trations of a preferred embodiment of an antenna con-
structed and operative in accordance with the present inven-
tion, the sectional illustration being taken along respective
section lines ID-ID in FIG. 1C; and

FIGS. 2A, 2B, 2C and 2D are respective simplified
exploded view, pictorial, top view and sectional view illus-
trations of another preferred embodiment of an antenna
constructed and operative in accordance with the present
invention, the sectional illustration being taken along
respective section lines I[ID-1ID in FIG. 2C.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Reference is now made to FIGS. 1A-1D, which illustrate
an antenna constructed and operative in accordance with a
preferred embodiment of the present invention.

As seen in FIGS. 1A-1D, the antenna comprises an
antenna feed 100, which is typically integrally formed with
a first monopole radiating element 102. The antenna feed
100 is preferably formed as a bent spring and is arranged to
engage an electrically conductive surface 104 of a printed
circuit board 106.

A fastener 110, preferably formed of an electrically con-
ductive material, retains the antenna feed 100 and the
monopole radiating element 102 in mechanical and electri-
cal engagement with an electrically conductive element 112,
preferably by being press-fit in a bore 114 formed therein.

Electrically conductive element 112 preferably includes a
generally cylindrical portion 116 and a top flange 118. A
dielectric sleeve 120 is preferably press fit about cylindrical
portion 116. Second and third monopole radiating elements
122 and 124 are preferably defined by a single bent metal
wire or other element 126 having respective first and second
portions of differing lengths. Element 126 is preferably
retained onto an outer surface of dielectric sleeve 120 and is
preferably mechanically seated in a suitable recess 128
formed on the outer surface of dielectric sleeve 120. Element
126 is electrically insulated from top flange 118 by an
insulative ring 130.

Preferably, the second and third radiating elements 122
and 124 have respective first and second ends 132 and 134
which lie in mutually spaced coplanar overlapping relation-
ship.

It is appreciated that in an alternative embodiment, addi-
tional monopole radiating elements, in addition to elements
122 & 124, may be provided by suitable configuration of
element 126.

Reference is now made to FIGS. 2A-2D, which illustrate
an antenna constructed and operative in accordance with
another preferred embodiment of the present invention.

As seen in FIGS. 2A-2D, the antenna comprises an
antenna feed 200, which is preferably formed as a bent
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spring and is arranged to engage an electrically conductive
surface 204 of a printed circuit board 206.

A fastener 210, preferably formed of an electrically con-
ductive material, retains the antenna feed 200 in mechanical
and electrical engagement with an electrically conductive
element 212, preferably by being press-fit in a bore 214
formed therein.

Electrically conductive element 212 preferably includes a
generally cylindrical portion 216 and a top flange 218. A
conductive sleeve 220 is preferably press fit about cylindri-
cal portion 216. First and second monopole radiating ele-
ments 222 and 224, are preferably defined by a single bent
metal wire or other element 226 having respective first and
second portions of differing lengths. Element 226 is prefer-
ably retained onto an outer surface of conductive sleeve 220
and is preferably mechanically seated in a suitable recess
228 formed on the outer surface of conductive sleeve 220.

Preferably, the first and second radiating elements 222 and
224 have respective first and second ends 232 and 234 which
lie in mutually spaced coplanar overlapping relationship.

A third monopole radiating element 240 is preferably
capacitively fed by being insulatively mounted onto element
226.

An electrically insulative element 242, which preferably
includes a generally cylindrical portion 246 and a top flange
248, is mounted at a bend 249 in element 226. An electri-
cally insulative sleeve 250 is preferably press fit about
cylindrical portion 246. Third monopole radiating element
240 is preferably retained onto an outer surface of insulative
sleeve 250 and is preferably mechanically seated in a
suitable recess 258 formed on the outer surface of insulative
sleeve 250 and retained therein by an insulative retaining
ring 260.

It is appreciated that in an alternative embodiment, addi-
tional monopole radiating elements, in addition to elements
222 & 224, may be provided by suitable configuration of
element 226.

It is appreciated by persons skilled in the art that the
present invention is not limited by what has been particu-
larly shown and described hereinabove. Rather the scope of
the present invention includes both combinations and sub-
combinations of various features described hereinabove as
well as variations and modifications thereto which would
occur to a person of skill in the art upon reading the above
description and which are not in the prior art.

The invention claimed is:

1. An antenna comprising:

a first monopole radiating element having a galvanic

connection to an antenna feed; and

second and third monopole radiating elements having a

capacitive connection to said antenna feed.

2. An antenna according to claim 1 and also comprising
a capacitor providing said capacitive connection, said
capacitor comprising:

a dielectric cylinder supporting said second and third

monopole radiating elements; and

a conductive connection assembly extending interiorly of

said dielectric cylinder and having a galvanic connec-
tion with said antenna feed.

3. An antenna according to claim 2 and wherein said
second and third monopole radiating elements are defined by
a single bent wire having first and second portions having
differing lengths.

4. An antenna according to claim 3 and wherein said first
and second portions having differing lengths have respective
first and second ends which lie in mutually spaced coplanar
overlapping relationship.
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5. An antenna according to claim 4, and wherein said
antenna feed is integrally formed with said first monopole
radiating element.

6. An antenna according to claim 2, and wherein said
antenna feed is integrally formed with said first monopole
radiating element.

7. An antenna according to claim 1 and wherein said
second and third monopole radiating elements are defined by
a single bent wire having first and second portions having
differing lengths.

8. An antenna according to claim 7 and wherein said first
and second portions having differing lengths have respective
first and second ends which lie in mutually spaced coplanar
overlapping relationship.

9. An antenna according to claim 3, and wherein said
antenna feed is integrally formed with said first monopole
radiating element.

10. An antenna according to claim 1, and wherein said
antenna feed is integrally formed with said first monopole
radiating element.

11. An antenna comprising:

first and second monopole radiating elements having a
galvanic connection to an antenna feed; and

a third monopole radiating element having a capacitative
connection to said antenna feed.

12. An antenna according to claim 11 and also comprising
a capacitor providing said capacitive connection, said
capacitor comprising:
a dielectric cylinder supported on said second and third
monopole radiating elements and supporting said third
monopole radiating element.

13. An antenna according to claim 12 and wherein said
first and second monopole radiating elements are defined by
a single bent wire having first and second portions having
differing lengths.

14. An antenna according to claim 13 and wherein said
first and second portions having differing lengths have
respective first and second ends which lie in mutually spaced
coplanar overlapping relationship.

15. An antenna according to claim 13, and wherein said
antenna feed engages an electrically conductive surface of a
printed circuit board.

16. An antenna according to claim 12, and wherein said
antenna feed engages an electrically conductive surface of a
printed circuit board.

17. An antenna according to claim 11 and wherein said
first and second monopole radiating elements are defined by
a single bent wire having first and second portions having
differing lengths.

18. An antenna according to claim 17 and wherein said
first and second portions having differing lengths have
respective first and second ends which lie in mutually spaced
coplanar overlapping relationship.

19. An antenna according to claim 17, and wherein said
antenna feed engages an electrically conductive surface of a
printed circuit board.

20. An antenna according to claim 11, and wherein said
antenna feed engages an electrically conductive surface of a
printed circuit board.
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(57) ABSTRACT

A multi-band radio antenna device for a radio communica-
tion terminal is disclosed. The antenna has an integral feed
and ground structure electrically connected to a first radiat-
ing antenna element and a second radiating element. The
first radiating element comprises a first continuous trace of
conductive material and has a continuous trace has a first
branch tuned to radiate at first frequencies in a first fre-
quency band, and a second branch, which is tuned to radiate
in a second frequency band at second frequencies approxi-
mately equal to or less than two times the first frequencies.
The second radiating antenna element comprises a second
continuous trace of conductive material, wherein the second
continuous trace has a third branch, which is tuned to
resonate in a third frequency band at third frequencies that
are higher than the second frequencies, and which is capaci-
tively coupled to the feed and ground structure and arranged
substantially adjacent to the second branch. The first branch
comprises a first section, composing approximately %5 to %3
of'the total length of the first branch, wherein the first section
is essentially straight and connected to said feed and ground
structure at a first end thereof, and a second section in direct
connection to a second end of said first section that is tightly
meandered.

19 Claims, 8 Drawing Sheets
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MULTI-FREQUENCY BAND ANTENNA
DEVICE FOR RADIO COMMUNICATION
TERMINAL HAVING WIDE HIGH-BAND

BANDWIDTH

FIELD OF THE INVENTION

This invention pertains in general to the field of antennas
for radio communication terminals and, in particular, to
compact multi-frequency band antennas devised to be incor-
porated or built-in into mobile or portable radio communi-
cation terminals and having a wide high-bandwidth to
facilitate operation of such terminals.

BACKGROUND OF THE INVENTION

The use of radio communication networks is rapidly
becoming a part of the daily life for more and more people
around the globe. For instance, the GSM (Global System for
Mobile Communications) networks offer a variety of func-
tions. Generally, radio communication systems based on
such networks use radio signals transmitted by a base station
in the downlink over the traffic and control channels are
received by mobile or portable radio communication termi-
nals, each of which have at least one antenna. Historically,
portable terminals have employed a number of different
types of antennas to receive and transmit signals over the air
interface. In addition, mobile terminal manufacturers
encounter a constant demand for smaller and smaller termi-
nals. This demand for miniaturization is combined with
desire for additional functionality such as having the ability
to use the terminal at different frequency bands, e.g. of
different cellular systems, so that a user of the mobile
terminal may use a single, small radio communication
terminal in different parts of the world having cellular
networks operating according to different standards at dif-
ferent frequencies.

Further, it is commercially desirable to offer portable
terminals which are capable of operating in widely different
frequency bands, e.g., bands located in the 800 MHz, 900
MHz, 1800 MHz, 1900 MHz and 2.0 GHz regions. Accord-
ingly, antennas which provide adequate gain and bandwidth
in a plurality of these frequency bands are employed in
portable terminals.

Several attempts have been made to create such antennas.
The general desire today is to have an antenna, which is
positioned inside the housing of a mobile communication
terminal. The most common built-in antennas currently in
use in mobile phones are the so-called planar inverted-F
antennas (PIFA). This name has been adopted due to the fact
that the antenna looks like the letter F tilted 90 degrees in
profile. Such an antenna needs a feeding point as well as a
ground connection. If one or several parasitic elements are
included nearby, they can be either directly coupled to
ground or connected to ground via a matching impedance,
capacitive coupling, etc. The height of the PIFA antennas is
often a limiting factor for decreasing the size of the mobile
communication terminal. The geometry of a conventional
PIFA antenna includes a radiating element, a feeding pin for
the radiating element, a ground pin for the radiating element,
and a ground substrate commonly arranged on a printed
circuit board (PCB). Both the feeding pin and the ground pin
are necessary for the operation of such an antenna, and are
arranged perpendicular to the ground plane, wherein the
PIFA radiating element is suspended above the ground plane
in such a manner that the ground plane covers the area under
the radiating element. This type of antenna, however, gen-
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erally has a fairly small bandwidth in the order of 7% of the
operating frequency. In order to increase the bandwidth for
an antenna of this design, the vertical distance between the
radiating element and the PCB ground may be increased, i.e.
the height at which the radiating element is placed above the
PCB is increased. This, however, is an undesirable modifi-
cation as the height increase makes the antenna unattractive
for small communication devices and may reduce directiv-
ity.

U.S. Pat. No. 6,456,250 discloses a multi frequency band
antenna with a low band portion tuned to a low frequency
band, a first high band portion tuned to a first high frequency
band at higher frequencies than the low frequency band, and
a separate, electrically coupled second high band portion
that is tuned to a second high frequency band at a higher
frequency than the low frequency band and different from
the first high frequency band. The low band portion and the
first high band portion have a common first grounding point,
a common feeding point, and a first conductor portion,
which forms part of the low band portion and of the first high
band portion. The first conductor portion is electrically
connected to the first grounding point and to the common
feeding point. The second high band portion is coupled to
the first conductor portion. An embodiment of the antenna
disclosed in U.S. Pat. No. 6,456,250 is tuned to the frequen-
cies 900 MHz (GSM band), 1800 MHz (DCS band) and
1900 MHz (PCS band).

However, it is desirable to achieve a high gain antenna
supporting a single low-band and a wider range of multiple
high-bands. It is also desirable to achieve equivalent per-
formance in a smaller volume, which allows for smaller,
more attractive phones.

Hence, an improved a multi-band radio antenna device
having a wide high-bandwidth would be advantageous. In
particular a multi-band radio antenna device allowing for
increased efficiency with regard to e.g. size, cost, bandwidth,
design flexibility and/or radiation efficiency of the multi-
band radio antenna device would be advantageous.

The antenna structure of such an advantageous antenna
device is advantageously suitable for built-in antennas, at
the same time having a wide high-frequency band band-
width, which enables the antenna to be operable at a
plurality of frequency bands, and having a high efficiency.

More specifically, an antenna with high-gain at high-band
would be advantageous, which is both small and has good
performance not only in a low frequency band, such as the
900 MHz GSM band, but also good performance in several
higher frequency bands, such as the 1800 MHz GSM or
DCS band, the 1900 MHz GSM or PCS band, and the 2.1
GHz UMTS band.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a multi-
band antenna device for use in a radio communication
terminal, and a radio communication terminal comprising
such an antenna device.

According to a first aspect of the invention, a multi-band
radio antenna device for a radio communication terminal is
provided, comprising an integral feed and ground structure
electrically connected to a first radiating antenna element
and a second radiating antenna element. The first radiating
antenna element comprises a first continuous trace of con-
ductive material and the first continuous trace has a first
branch tuned to radiate at first frequencies in a first fre-
quency band, and a second branch, which is tuned to radiate
in a second frequency band at second frequencies approxi-
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mately equal to or less than two times the first frequencies.
The second radiating antenna element comprises a second
continuous trace of conductive material, wherein the second
continuous trace has a third branch, which is tuned to
resonate in a third frequency band at third frequencies that
are higher than the second frequencies, and which is capaci-
tively coupled to the feed and ground structure and arranged
substantially adjacent to the second branch. The first branch
comprises a first section, composing approximately %5 to %3
of'the total length of the first branch, wherein the first section
is essentially straight and connected to said feed and ground
structure at a first end thereof, and a second section in direct
connection to a second end of said first section that is tightly
meandered.

According to another aspect of the invention, a radio
communication terminal is provided, which comprises the
multi-band radio antenna device according to a first aspect
of the invention. According to one embodiment, the radio
communication terminal is a mobile telephone that com-
prises such a multi-band radio antenna device for RF com-
munication purposes.

Some embodiments of the present invention provide
improved antenna efficiency.

Some embodiments of this invention provide antenna
design for use in mobile terminals, such as mobile phones,
employing a single low-band (e.g. 850 or 900 MHz) as well
as frequency band coverage for DCS (Digital Cross-Connect
System), PCS (Personal Communications System) and
UMTS (Universal Mobile Telephone System).

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the invention will
be apparent and elucidated from the following description of
embodiments of the present invention, reference being made
to the accompanying drawings, in which

FIG. 1 is a schematic illustration of a multi-band radio
antenna device according to an embodiment of the inven-
tion;

FIG. 2 illustrates the voltage standing wave ratio (VSWR)
characteristics for the multi-band radio antenna device of
FIG. 1 and a Smith diagram showing the impedance char-
acteristics for the multi-band radio antenna device of FIG. 1;

FIG. 3 is a schematic illustration of a multi-band radio
antenna device according to an embodiment of the inven-
tion;

FIG. 4 illustrates the VSWR characteristics for the multi-
band radio antenna device of FIG. 3 and a Smith diagram
showing the impedance characteristics for the multi-band
radio antenna device of FIG. 3;

FIG. 5 is a schematic illustration of a multi-band radio
antenna device according to another embodiment of the
invention;

FIG. 6 illustrates the VSWR characteristics for the multi-
band radio antenna device of FIG. 5 and a Smith diagram
showing the impedance characteristics for the multi-band
radio antenna device of FIG. 5;

FIG. 7 is a schematic diagram illustrating average gain
measurements of different antenna designs; and

FIG. 8 is a schematic illustration of a radio communica-
tion terminal devised for multi-band radio communication.

DESCRIPTION OF EMBODIMENTS

It will be understood that the Figures, illustrating embodi-
ments of the invention, are merely schematic and are not
drawn to scale. For clarity of illustration, certain dimensions
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may have been exaggerated while other dimensions may
have been reduced. Also, where appropriate, the same ref-
erence numerals and letters are used throughout the Figures
to indicate the same parts and dimensions.

The following description focuses on embodiments of the
present invention applicable to a mobile telephone. How-
ever, it will be appreciated that the invention is not limited
to this application but may be applied to many other mobile
communication terminals in which to implement a radio
antenna design according to the present invention, including
the following examples. The terms mobile or radio commu-
nication terminal comprises all mobile equipment devised
for radio communication with a radio station, which radio
station also may be mobile terminal or e.g. a stationary base
station. Consequently, the term mobile communication ter-
minal includes mobile telephones, pagers, communicators,
electronic organizers, smartphones, PDA:s (Personal Digital
Assistants), vehicle-mounted radio communication devices,
or the like, as well as portable laptop computers devised for
wireless communication in e.g. a WLAN (Wireless Local
Area Network). Furthermore, since the antenna as such is
suitable for but not restricted to mobile use, the term mobile
communication terminal should also be understood as to
include any stationary device arranged for radio communi-
cation, such as e.g. desktop computers, printers, fax
machines and so on, devised to operate with radio commu-
nication with each other or some other radio station. Hence,
although the structure and characteristics of the antenna
design according to the invention is mainly described herein,
by way of example, in the implementation in a mobile
phone, this is not to be interpreted as excluding the imple-
mentation of the inventive antenna design in other types of
mobile communication terminals, such as those listed above.

More precisely, an antenna concept or design is described
herein, comprising the structure of the antenna, its perfor-
mance, and its implementation in a radio communication
terminal, with reference to the accompanying drawings.

A schematic illustration of an antenna design is given in
FIG. 1. This design achieves good performance in a rela-
tively wide high-band. The design is based on a “parasitic on
the side” concept. The antenna 1 comprises a first branch 10
tuned for a low frequency band (e.g. 900 MHz GSM or
EGSM), a second, center branch 12 which is tuned for 1900
MHz (e.g. PCS band), and a third branch 14 that is tuned for
1800 MHz (e.g. DCS band). The antenna 1 has three contact
points, shown at the top in FIG. 1, which are a Ground
contact pin 17, a Feed contact pin 18 and a Ground contact
pin 19. FIG. 2 illustrates the voltage standing wave ratio
(VSWR—explained below) characteristics of a multi-band
radio antenna device of FIG. 1, and a Smith diagram
(explained below) showing the impedance characteristics
for the multi-band radio antenna device of FIG. 1. This
antenna has dimensions of 38 mm (wide)x23 mm (high)x8
mm (high). When attached to a phone about 100 mm in
length average gain of this antenna (Freespace) is about -3
dB at low-band and —4~-5 dB in the high-bands.

According to a first embodiment of the invention, illus-
trated in FIG. 3, an antenna 3 is provided, having improved
high-band bandwidth characteristics in comparison to
antenna 1. Antenna device 3 has the following elements:

1) A first branch 31 having a first, solid section 30 for a
low-band, composing approximately %2 of this branches 31
total length;

2) A second section 32 of the low-band branch 31 which
is tightly meandered, wherein the second section 32 of this
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embodiment comprises two continuously meandered sub-
sections 32a, 3263) A second branch 34, tuned for the lower
part of the high-band; and

4) A third branch 36, tuned for the higher part of the
high-band, and capacitively coupled to the feed of the main
branches, i.e. 31, 34 and coupled to ground.

The antenna 3 has three contact points, shown at the top
in FIG. 3, which are:

1) Left-most: a first ground contact pin 37

2) Center: a feed contact pin 38

3) Right: a second ground contact pin 39

In use the first and second ground contact pins 37, 39 will
be electrically connected to ground potential. The feeding
pin 38 electrically connects to an electronic circuit for
feeding the antenna 3 with signals to be transmitted by the
antenna, and/or to electronic circuitry for receiving signals
received by the antenna 3.

The two sub-sections 32a, 325 are suitably arranged so
that the meandered portion fits into the area that is available
for the antenna. In the present embodiment sub-sections 32a,
32b are shown arranged substantially perpendicular to each
other. However, this geometric arrangement is merely to be
taken as an example. Other embodiments may omit the
sub-division of the meandered section into several sub-
sections oriented differently from each other.

Exemplary, non-limiting dimensions of a specific embodi-

ment of this antenna element 3 are approximately 38x20x(8)
mm.
With this design, the following VSWR shown in FIG. 4 is
achieved. The VSWR for low-band is about 2.5:1. At
high-band, the VSWR is approximately 3.2:1 at 2180 MHz.
However, with further tuning, the entire band may achieve
VSWR of better than 3:1.

By tightly meandering the latter section of the low-band
branch 31, one may decrease the resonance frequency of the
high-band currents on this branch without negatively
impacting low-band gain or bandwidth significantly. This
allows one to move the DCS branch from the parasitic
element 14 to the connected element 34 in the center in order
to achieve additional bandwidth at high-band. The size of
the element 34 also decreases. More precisely, antenna 3 is
a multi-band radio antenna device devised for a radio
communication terminal, such as terminal 8 explained
below. The antenna has an integral feed and ground structure
37, 38, 39 electrically connected to a first and second
radiating antenna element, the first radiating antenna ele-
ment comprising a first continuous trace of conductive
material. The first continuous trace has a first branch 31
tuned to radiate at first frequencies in a first, low frequency
band, and a second branch 34, which is tuned to radiate in
a second, high frequency band at second frequencies
approximately equal to or less than two times the first
frequencies. The second radiating antenna element com-
prises a second continuous trace of conductive material,
wherein the second continuous trace has a third branch 36,
which is tuned to resonate in a third frequency band at third
frequencies that are higher than the second frequencies, and
which is capacitively coupled to the feed and ground struc-
ture and arranged substantially adjacent to the second branch
34. The first branch 31 comprises a first section 30, com-
posing approximately %2 of the total length of the first branch
31, wherein the first section is essentially straight and
connected to said feed and ground structure at a first end
thereof. The first section further comprises a second section
32 in direct connection to a second end of the first section
that is tightly meandered.
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As can be seen in FIG. 3, there is space in the center of
the antenna element 3, which is not actively being used.
Hence, it may be possible to achieve further miniaturization
in other embodiments.

Another embodiment for a multi-band-antenna device
having an antenna element 5 with further decreased size is
shown in FIG. 5. Multi-band-antenna 5 comprises the fol-
lowing elements:

1) A first, solid section 50 for the low-band, composing
approximately %4 of this branches 51 length;

2) A second section 52 of the low-band branch 51 which
is tightly meandered, wherein the second section 52 com-
prises two sub-sections 52a, 52b shown substantially per-
pendicular to each other. Increasing the length of section 52
relative to 51 has the effect of improving the high-band
bandwidth, but also results in decreasing the low-band
bandwidth of this element. It is therefore important to
balance the length of these two branches in order to achieve
the best balance of bandwidth and gain over the respective
bands. If one were to increase the length of element 52 and
decrease the length of element 51 to the point where element
52 were about twice as long as element 51, one would see
that the decrease in bandwidth of the low-band resonance
would become increasingly unacceptable. However, when
element 52 comprises only the last approximately %4 of the
total length of 51 and 52, the decrease in low-band band-
width is insignificant compared to the increased bandwidth
achieved in the high-band. Hence, the first section of the first
branch of embodiments of the invention composes approxi-
mately V3 to %4 of the total length of the first branch. Sub
sections 52a, 524 are suitably arranged on the area available
for the antenna.

3) A second branch 54, tuned for the lower part of the
high-band; and

4) A third branch 56, capacitively coupled to the feed of
the main branches 51, 54 and coupled to ground.

The antenna 5 has three contact points, shown at the top
in FIG. 5, which are a Ground contact pin 57, a Feed contact
pin 58, and a Ground contact pin 59.

More precisely, antenna 5 is a multi-band radio antenna
device devised for a radio communication terminal, such as
terminal 8 explained below. The antenna has an integral feed
and ground structure 57, 58, 59 electrically connected to a
first and second radiating antenna element, the first radiating
antenna element comprising a first continuous trace of
conductive material. The first continuous trace has a first
branch 51 tuned to radiate at first frequencies in a first, low
frequency band, and a second branch 54, which is tuned to
radiate in a second, high frequency band at second frequen-
cies approximately equal to or less than two times the first
frequencies. The second radiating antenna element com-
prises a second continuous trace of conductive material,
wherein the second continuous trace has a third branch 56,
which is tuned to resonate in a third frequency band at third
frequencies that are higher than the second frequencies, and
which is capacitively coupled to the feed and ground struc-
ture and arranged substantially adjacent to the second branch
54. The first branch 51 comprises a first section 50, com-
posing approximately % of the total length of the first branch
51, wherein the first section is essentially straight and
connected to said feed and ground structure at a first end
thereof. The first section further comprises a second section
52 in direct connection to a second end of the first section
that is tightly meandered.

Exemplary, non-limiting dimensions of a specific embodi-
ment of this antenna device 5 are approximately 40x14x(8)
mm. With these smaller dimensions, the VSWR illustrated
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in FIG. 6 is achieved. While high-band performance is very
similar to the exemplary embodiment shown in FIGS. 3 and
4, low-band performance is slightly narrowed with the
design of antenna element 5. Band-edge VSWR in the 900
MHz band is approximately 3.2:1.

In comparison to the previous antenna concept shown in
FIGS. 1 and 2, the VSWR is significantly improved in the
high-band. Note that marker 4 in this case (FIG. 6) has been
moved to 2035 MHz to show the last frequency where this
concept achieves 3:1 VSWR. The VSWR with this previous
concept (FIG. 2) at 2180 MHz is about 7.7:1, and the 3:1
VSWR bandwidth of the previous concept at high-band is
about 330 MHz. With the new proposed concept of the
embodiment according to FIGS. 5 and 6, the 3:1 VSWR
bandwidth is 470 MHz, or an improvement of about 37%

The antenna element of embodiments of the invention
achieves about a 35-40% improvement in bandwidth over
the first concept shown in the high-band. Furthermore, with
slightly reduced performance at low-band and similar per-
formance at high-band a reduction of about 25% in volume
is achieved (height dimension of a specific embodiment goes
from ~20 to ~15(14) mm).

The antenna devices of embodiments of the invention are
in operation, when assembled in a radio communication
terminal, connected to RF-circuitry (not shown) via a single
feeding point 38, 58 feeding both the first, second and third
branch of the device, respectively. In order to achieve best
impedance matching the ground connection 39, 59 may
comprise matching elements, such as series capacitances or
inductance in order to improve performance and impedance
matching.

The conductive antenna traces may be attached to a flat
support element, such as in the form of a dielectric film, e.g.
made of polyimide or polyester. For instance a dielectric film
having a thickness of 0.1 mm and being commercially
available from 3M Corporation, or a similar dielectric film
may be used. The trace of conductive material and the
dielectric film together form a flex film, which advanta-
geously has an adhesive film attached to its underside for
easy assembly to a radio communication terminal. Alterna-
tively, multi-band radio antenna device according to certain
embodiments may be made by directly photo-etching the
continuous trace of the antenna device onto a suitable
substrate, e.g. a constructive element of a radio communi-
cation terminal, such as its housing or a carrier inside such
a housing. A further manufacturing alternative is to use a
photo-deposition technique for manufacturing the continu-
ous traces of the antenna branches. These techniques, as well
as the flexible film, allow to provide the inventive antenna
device on curved surfaces. Precision stamping and insert
molding techniques may also be used for manufacturing the
type of antenna device described herein.

Voltage Standing Wave Ratio (VSWR) relates to the
impedance match of an antenna feed point with a feed line
or transmission line of a radio communications device. To
radiate radio frequency (RF) energy with minimum loss, or
to pass along received RF energy to a RF receiver of a radio
communication terminal with minimum loss, the impedance
of an antenna should be matched to the impedance of a
transmission line or the impedance of the feed point.

The Voltage Standing Wave Ratio (VSWR) of the antenna
devices is shown in FIGS. 2, 4 and 6. Note that the scale on
all VSWR charts shown is 0.5 per division, rather than the
1 per division which is commonly used, in order to show
additional resolution. FIGS. 2, 4 and 6 also show a Smith
diagram in the lower part of the Figures, respectively. The
Smith diagram shows the impedance characteristics for the
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multi-band radio antenna devices 1, 3 or 5, respectively.
Smith diagrams, such as shown in F FIGS. 2, 4 and 6, are a
familiar tool within the art and are thoroughly described in
the literature, for instance in chapters 2.2 and 2.3 of “Micro-
wave Transistor Amplifiers, Analysis and Design”, by Guill-
ermo Gonzales, Ph.D., Prentice-Hall, Inc., Englewood
Cliffs, N.J. 07632, USA, ISBN 0-13-581646-7. Reference is
also made to “Antenna Theory Analysis and Design”, Bala-
nis Constantine, John Wiley & Sons Inc., ISBN
0471606391, pages 43-46, 57-59. Both of these books are
fully incorporated in herein by reference. Therefore, the
nature of Smith diagrams are not penetrated in any detail
herein. However, briefly speaking, the Smith diagrams in
this specification illustrate the input impedance of the
antenna: Z=R+jX, where R represents the resistance and X
represents the reactance. If the reactance X>0, it is referred
to as inductance, otherwise capacitance. In the Smith dia-
gram the curved graph represents different frequencies in an
increasing sequence. The horizontal axis of the diagram
represents pure resistance (no reactance). Of particular
importance is the point at 50 Ohms, which normally repre-
sents an ideal input impedance. The upper hemisphere of the
Smith diagram is referred to as the inductive hemisphere.
Correspondingly, the lower hemisphere is referred to as the
capacitive hemisphere.

Comparative gain measurements for implementations of
some specific embodiments of the invention based on the
above described antenna design (FIG. 3, 5) were performed
and measurement results are shown in FIG. 7. The gain
measurement curve representing the antenna design denoted
“benchmark design™ corresponds to the above mentioned
example with reference to FIG. 1 (38x23 mm). The gain
measurement curve representing the antenna design denoted
“20 mm design” corresponds to the above mentioned
example with reference to FIG. 3 (38x20 mm), and the gain
measurement curve representing the antenna design denoted
“14 mm design” corresponds to the above mentioned
example with reference to FIG. 5 (40x14 mm). It can be
noted that with the same size of an antenna element, there is
virtually no degradation in GSM performance and the high-
band bandwidth is improved significantly thanks to the
improved design of the some embodiments of the invention.
Furthermore, with a approximately 25' smaller element
substantially similar performance is achieved at high-band
and only about 1 dB poorer performance at low-band. This
is a substantial miniaturization at comparable performance
and hence space efficiency is considerably improved with
some embodiments of the invention. Moreover, further
tuning may move gain from the UMTS to the DCS band.
This may be done through changing the size and spacing of
the two high-band branches of the element shown on the
right in the Figures, e.g. elements 34, 36 or 54, 56 respec-
tively.

More precisely, the ratio between the widths of elements
34 and 36, and 54, 56 respectively, as well as the gaps
between these two branches at the feed and along the length
of the element are tuning parameters used to maximize gain
of'the antenna and to center it on the Smith Chart. In general,
it is advantageous to make branches 34, 54 significantly
wider than branches 46, 56. The spacing between these two
branches (34 and 36, and 54, 56 respectively) is used to
rotate the dual impedance on the Smith Chart. Increasing the
spacing has the effect of rotating the resonances in a counter
clockwise direction. The spacing between 34 and 36, and 54,
56 respectively near the feed points (38, 39 and 58, 59
respectively) is used to move the high-band resonances up
and down on the Smith Chart. When the spacing between
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these two branches near the feeds is decreased, the reso-
nances move down on the Smith Chart (to the capacitive
side). When the spacing is increased, the opposite effect is
observed. These tuning parameters are well understood to
those skilled in the art.

The antenna elements of embodiments of the invention
consist of continuous traces of electrically conductive mate-
rial, preferably copper or another suitable metal with very
good conductive properties. An antenna connector serves to
connect the antenna to radio circuitry, e.g. provided on a
printed circuit board in a mobile telephone 8. The antenna
connector may be implemented by any of a plurality of
commercially available antenna connectors, such as a leaf-
spring connector or a pogo-pin connector.

Moreover, the radio circuitry as such forms no essential
part of the present invention and is therefore not described
in more detail herein. As will be readily realized by one
skilled in the art, the radio circuitry will comprise various
known HF (high frequency) and baseband components
suitable for receiving a radio frequency (HF) signal, filtering
the received signal, demodulating the received signal into a
baseband signal, filtering the baseband signal further, con-
verting the baseband signal to digital form, applying digital
signal processing to the digitalized baseband signal (includ-
ing channel and speech decoding), etc. Conversely, the HF
and baseband components of the radio circuitry will be
capable of applying speech and channel encoding to a signal
to be transmitted, modulating it onto a carrier wave signal,
supplying the resulting HF signal to the antenna device, etc.

FIG. 8 illustrates a radio communication terminal 8 in the
embodiment of a cellular mobile phone devised for multi-
band radio communication. The terminal 8 comprises a
chassis or housing, carrying a user audio input in the form
of' a microphone and a user audio output in the form of a
loudspeaker or a connector to an ear piece (not shown). A set
of keys, buttons or the like constitutes a data input interface
is usable e.g. for dialing, according to the established art. A
data output interface comprising a display is further
included, devised to display communication information,
address list etc in a manner well known to the skilled person.
The radio communication terminal 8 includes radio trans-
mission and reception electronics (not shown), and is
devised with a built-in antenna device inside the housing.

In some cases it might be advantageous to have one of the
shown antenna designs or a variation thereof, depending on
various requirements, such as antenna performance versus
implementing cost or design flexibility.

A fastening element may be conveniently integrated with
the antenna device for mechanically fixing the antenna
device to a radio communication device.

In addition to the above, the antenna device of embodi-
ments of the present invention may also be combined with
a matching circuit (not shown). This circuit may improve the
matching of the antenna device, which in turn improves
gain, etc. Any matching configuration may be used, as is
well known to those skilled in the art.

In summary, embodiments of the present invention can
provide an alternative antenna structure to known structures
that is suitable for built-in antennas, at the same time it can
have a wide bandwidth of a high-frequency band, which can
allow the antenna to be operated at a plurality of frequency
bands.

The multi-band radio antenna is a compact antenna
device, which may be disposed inside the casing of a mobile
communication terminal in order to make the terminal
compact and having a low weight.
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Embodiments of the invention may enable manufacturers
of mobile radio communication terminals to have a built-in
antenna device, which may be manufactured in large series
at low costs.

The foregoing has described the principles, preferred
embodiments and modes of operation of embodiments of the
present invention. However, the invention should not be
construed as being limited to the particular embodiments
discussed above. For example, while the antenna of the
present invention has been discussed primarily as being a
radiator, one skilled in the art will appreciate that the antenna
of the present invention would also be used as a sensor for
receiving information at specific frequencies. Similarly, the
dimensions of the various elements may vary based on the
specific application, for instance other embodiments than
those described may have a variant of the illustrated mean-
dering portion having a different pitch. Thus, the above-
described embodiments should be regarded as illustrative
rather than restrictive, and it should be appreciated that
variations may be made in those embodiments by workers
skilled in the art without departing from the scope of the
present invention as defined by the following claims.

Furthermore, it should be emphasized that the term com-
prising or comprises, when used in this description and in
the appended claims to indicate included features, elements
or steps, is in no way to be interpreted as excluding the
presence of other features elements or steps than those
expressly stated. Additionally, although individual features
may be included in different claims, these may possibly
advantageously be combined, and the inclusion in different
claims does not imply that a combination of features is not
feasible and/or advantageous. In addition, singular refer-
ences do not exclude a plurality. The terms “a”, “an”, “first”,
“second” etc do not preclude a plurality.

What is claimed is:
1. A multi-band radio antenna device for a radio commu-
nication terminal, comprising:
an integral feed and ground structure electrically con-
nected to a first radiating antenna element and a second
radiating antenna element,
said first radiating antenna element comprising a first
continuous trace of conductive material, the first con-
tinuous trace having
a first branch tuned to radiate at first frequencies in a first
frequency band, and
a second branch, which is tuned to radiate in a second
frequency band at second frequencies approximately
equal to or less than two times the first frequencies; and
said second radiating antenna element comprising a sec-
ond continuous trace of conductive material, the second
continuous trace having a third branch, which is tuned
to resonate in a third frequency band at third frequen-
cies that are higher than the second frequencies, and is
capacitively coupled to the feed and ground structure
and arranged substantially adjacent to the second
branch;
wherein the first branch comprises
a first section, composing approximately %5 to 24 of the
total length of the first branch, wherein the first section
is essentially straight and connected to said feed and
ground structure at a first end thereof, and
a second section in direct connection to a second end of
said first section that is tightly meandered.
2. The multi-band radio antenna device according to claim
1, wherein said second section of said first branch terminates
said first branch.
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3. The multi-band radio antenna device according to claim
1, wherein said integral feed and ground structure comprises
a first ground contact and a feed contact connected to said
first branch and said second branch, and a second ground
contact connected to said third branch.
4. The multi-band radio antenna device according to claim
1, wherein conductive antenna traces are attached to a
support element.
5. The multi-band radio antenna device according to claim
4, wherein the support element comprises a flat support
element in the form of a dielectric film.
6. The multi-band radio antenna device according to claim
1, wherein said second branch and said third branch are
substantially straight and arranged substantially parallel to
each other.
7. The multi-band radio antenna device according to claim
1, wherein said tightly meandered second section is config-
ured to decrease a resonance frequency of high-band cur-
rents on the first branch without negatively impacting low-
band gain or bandwidth significantly.
8. The multi-band radio antenna device according to claim
1, wherein said tightly meandered second section comprises
two meandered sub-sections arranged substantially perpen-
dicular to each other.
9. The multi-band radio antenna device according to claim
1, wherein said first section composes approximately 2 of
the total length of the first branch.
10. A radio communication terminal for multi-band radio
communication, comprising:
an integral feed and ground structure electrically con-
nected to a first radiating antenna element and a second
radiating antenna element,
said first radiating antenna element comprising a first
continuous trace of conductive material, the first con-
tinuous trace having
a first branch tuned to radiate at first frequencies in a first
frequency band, and
a second branch, which is tuned to radiate in a second
frequency band at second frequencies approximately
equal to or less than two times the first frequencies; and
said second radiating antenna element comprising a sec-
ond continuous trace of conductive material, the second
continuous trace having a third branch, which is tuned
to resonate in a third frequency band at third frequen-
cies that are higher than the second frequencies, and is
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capacitively coupled to the feed and ground structure
and arranged substantially adjacent to the second
branch;

wherein the first branch comprises

a first section, composing approximately %5 to 24 of the

total length of the first branch, wherein the first section
is essentially straight and connected to said feed and
ground structure at a first end thereof, and

a second section in direct connection to a second end of

said first section that is tightly meandered.

11. The radio communication terminal according to claim
10, wherein the radio communication terminal comprises a
mobile telephone.

12. The radio communication terminal according to claim
10, wherein said second section of said first branch termi-
nates said first branch.

13. The radio communication terminal according to claim
10, wherein said integral feed and ground structure com-
prises a first ground contact and a feed contact connected to
said first branch and said second branch, and a second
ground contact connected to said third branch.

14. The radio communication terminal according to claim
10, wherein conductive antenna traces are attached to a
support element.

15. The radio communication terminal according to claim
14, wherein the support element comprises a flat support
element in the form of a dielectric film.

16. The radio communication terminal according to claim
10, wherein said second branch and said third branch are
substantially straight and arranged substantially parallel to
each other.

17. The radio communication terminal according to claim
10, wherein said tightly meandered second section is con-
figured to decrease a resonance frequency of high-band
currents on the first branch without negatively impacting
low-band gain or bandwidth significantly.

18. The radio communication terminal according to claim
10, wherein said tightly meandered second section com-
prises two meandered sub-sections arranged substantially
perpendicular to each other.

19. The radio communication terminal according to claim
10, wherein said first section composes approximately %2 of
the total length of the first branch.

#* #* #* #* #*
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1
ANTENNA DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to antenna
devices, and more particularly to a directional antenna
device.

2. Description of the Related Art

In recent years and continuing, wireless communication
technology using UWB (ultra-wide band) is attracting atten-
tion, as radar positioning is possible and communications of
a large transmission capacity can be achieved. In 2002, the
FCC (Federal Communication Commission) of the US
authorized usage of a frequency band of 3.1 GHz through
10.6 GHz.

UWB is a communication method of communicating
pulse signals in an ultra-wide band. Therefore, UWB
requires an antenna having a structure with which signals
can be transmitted and received in an ultra-wide band.

There is a proposed antenna including a bottom board and
a power feeding body, to be used in the frequency band of
at least 3.1 GHz through 10.6 GHz, authorized by the FCC
(Non-patent literature 1).

Non-patent literature 1: An Omnidirectional and Low-
VSWR Antenna for the FCC-Approved UWB Frequency
Band, written and proposed by Takuya Taniguchi and Take-
hiko Kobayashi of Tokyo Denki University, at 2003 IEICE
(The Institute of Electronics, Information and Communica-
tion Engineers) General Conference, B-1-133, on Mar. 22,
2003, at Tohoku University, Kawauchi Campus, classroom
B201

However, this type of UWB antenna is nondirectional,
and therefore, communication efficiencies are degraded
when directivity is required.

SUMMARY OF THE INVENTION

The present invention provides an antenna device in
which one or more of the above-described disadvantages is
eliminated.

A preferred embodiment of the present invention provides
an antenna device that can improve directivity with a simple
structure.

An embodiment of the present invention provides an
antenna device including an antenna part; and a dielectric
formed on the antenna part; wherein the dielectric is formed
to be thicker in a direction of directivity that the antenna part
is to be made to have, than in another direction.

An embodiment of the present invention provides a
method of manufacturing an antenna device including an
antenna part on which a dielectric material is molded, the
method including the step of insert-molding the antenna part
with the dielectric material, such that the dielectric material
is thicker in a direction of directivity that the antenna part is
to be made to have, than in another direction.

An embodiment of the present invention provides a
method of manufacturing an antenna device including an
antenna part and a dielectric formed on the antenna part, the
dielectric being formed to be thicker in a direction of
directivity that the antenna part is to be made to have, than
in another direction, the method including the step of one of
attaching the dielectric to the antenna part; and insert-
molding the antenna part and the dielectric.

According to one embodiment of the present invention, an
antenna device that can improve directivity with a simple
structure is provided.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become more apparent from the following
detailed description when read in conjunction with the
accompanying drawings, in which:

FIG. 1 is a perspective view of an antenna device accord-
ing to a first embodiment of the present invention;

FIG. 2 is a cut-away side view of the antenna device
according to the first embodiment of the present invention;

FIG. 3 is a simulation model of the antenna device;

FIG. 4 indicates the directivity of the simulation model;

FIG. 5 is a perspective view of an antenna device accord-
ing to a second embodiment of the present invention;

FIG. 6 is a cut-away side view of the antenna device
according to the second embodiment of the present inven-
tion;

FIGS. 7A through 7E are diagrams for describing a
manufacturing method of the antenna device;

FIGS. 8A, 8B are diagrams for describing the manufac-
turing method of the antenna device; and

FIG. 9 is a cross-sectional view of a variation of a
dielectric.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A description is given, with reference to the accompany-
ing drawings, of an embodiment of the present invention.

First Embodiment

FIG. 1 is a perspective view of a first embodiment
according to the present invention, and FIG. 2 is a cut-away
side view of the first embodiment.

An antenna device 100 according to the first embodiment
is a monopole antenna for UWB communication, and
includes an antenna part 111, a dielectric 112, and a con-
nector 113. The antenna part 111 includes a conductive
pattern 122 formed on a printed wiring board 121 in a
predetermined pattern.

The printed wiring board 121 includes dielectrics such as
FR4 and ceramics, and the surface thereof is patterned with
the conductive pattern 122 by etching, etc. The conductive
pattern 122 includes an element pattern 131, a transmission
line 132, and a ground pattern 133.

The element pattern 131 is a substantially rectangular-
shaped conductive pattern formed on one side of the printed
wiring board 121. A power feeding point P0 is formed on the
edge of the element pattern 131 opposing the ground pattern
133. Two sides of the element pattern 131, between which
the power feeding point P0 is positioned, are each tilted by
an angle 6 with respect to an axis orthogonal to the side of
the ground pattern 133 opposing the element pattern 131.
The angle 0 is a predetermined angle of, for example,
substantially 63 degrees.

The transmission line 132 is formed on the printed wiring
board 121, on the same side as the element pattern 131. One
end of the transmission line 132 is connected to the power
feeding point PO, and the other end is extended to the edge
part of the printed wiring board 121. The transmission line
132 and the ground pattern 133 are opposed to each other
with the printed wiring board 121 located therebetween, the
transmission line 132 serving as a so-called microstrip line.
The ground pattern 133 is formed on the other side of the
printed wiring board 121, contacting the power feeding
point PO of the element pattern 131. The element pattern 131
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and the ground pattern 133 are opposed to each other with
the printed wiring board 121 located therebetween, and are
therefore not electrically coupled.

The connector 113 includes a signal pin 141, a sealed
member 142, and an insulating member 143. The signal pin
141 is held by the sealed member 142 via the insulating
member 143. The signal pin 141 is soldered to the trans-
mission line 132 at the edge part on one side of the printed
wiring board 121. The sealed member 142 is soldered to the
ground pattern 133 at the edge part on the other side of the
printed wiring board 121.

The dielectric 112 is fabricated by molding a dielectric
material of relatively high dielectric constant €r such as
ABS or MC nylon, into a substantially conical shape. The
dielectric 112 is formed on the element pattern 131 of the
antenna part 111, so as to be thicker in a direction indicated
by an arrow Z1 (above the element pattern 131), than in a
direction indicated by an arrow Z2 (below the element
pattern 131). The dielectric 112 can be formed by molding
the highly dielectric material into the substantially conical
shape, and then attaching the molded cone onto the antenna
part 111; or by insert-molding the antenna part 111 with the
highly dielectric material.

The directions indicated by the arrows Z1, 7Z2 are
orthogonal to the element pattern 131 of the antenna part
111, i.e., orthogonal to the printed wiring board 121. Further,
the two directions indicated by the arrows Z1, Z2 are
opposite to each other. It is noted that ABS has a dielectric
constant of €r=3 through 7, and MC nylon has a dielectric
constant of €r=2.7 through 4.7.

The dielectric 112 has effects on antenna directivity as
described below.

FIG. 3 is a simulation model of the antenna device 100,
and FIG. 4 indicates the directivity of the simulation model.
In FIG. 4, the solid line expresses properties of 3 GHz, the
dashed line 4 GHz, and the dash-dot line 5 GHz.

In the simulation model, the element pattern 131 is a
conductive pattern whose sides are substantially 40 mm. The
dielectric 112 is formed into a conical shape having a
diameter of substantially 100 mm and a height of substan-
tially 100 mm, in a direction indicated by an arrow Z1
orthogonal to the element pattern 131, centered around the
center of the element pattern 131, with a dielectric constant
of substantially €r=10.

FIG. 4 indicates simulation results obtained by using the
simulation model shown in FIG. 3.

By forming the dielectric 112 in the conical shape on the
element pattern 131 in the direction indicated by the arrow
71 as shown in FIG. 3, the gain in the Z1 direction is
substantially +7 dB, whereas the gain in a Z2 direction
opposite to the Z1 direction is substantially +3 dB, which is
less than half of that of the Z1 direction. As shown in FIG.
4, the gain in the Z1 direction is greater than the gain in the
72 direction in any of 3 GHz, 4 GHz, and 5 GHz.

Accordingly, it is possible to make the antenna directivity
be in the Z1 direction, which is the direction in which the
dielectric 112 is formed.

According to the first embodiment, by laminating the
dielectric 112 so as to be thicker in a direction of the
intended antenna directivity than in another direction, it is
possible to make the antenna directivity be in the direction
corresponding to the thick part of the dielectric 112. There-
fore, directivity can be given to a nondirectional antenna.

The dielectric 112 can be made thinner by increasing the
dielectric constant, if the directivity is to be the same.
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Second Embodiment

FIG. 5 is a perspective view of a second embodiment
according to the present invention, and FIG. 6 is a cut-away
side view of the second embodiment.

An antenna device 200 according to the second embodi-
ment is a monopole antenna for UWB communication,
similar to the first embodiment, and includes an antenna part
211, a dielectric 212, and a connector 213. The antenna part
211 is formed by punching a sheet metal in press working.

The antenna part 211 includes an element part 221 and a
ground part 222.

The element part 221 has a substantially rectangular
shape. A power feeding point P0 is formed on the edge of the
element part 221 opposing the ground part 222. Two sides of
the element part 221, between which the power feeding
point PO is positioned, are each tilted by an angle 6. The
angle 0 is a predetermined angle of, for example, substan-
tially 63 degrees.

The ground part 222 has a substantially rectangular shape,
and is spaced apart from the element part 221 with a
predetermined interval, so as to be insulated.

The connector 213 can be realized by a compact coaxial
connector called a UFL connector, and is arranged at the
power feeding point PO of the element part 221. A signal line
231 is soldered to the element part 221, and a sealed part 232
is soldered to the ground part 222. A coaxial cable 214 is to
be connected to the connector 213.

Similar to the first embodiment, the dielectric 212 is made
of a dielectric material of relatively high dielectric constant
€r such as ABS or MC nylon. The dielectric 212 is formed
on the element part 221 of the antenna part 211, so as to be
thicker in a direction indicated by an arrow Z1.

According to the second embodiment, similar to the first
embodiment, by laminating the dielectric 212 so as to be
thicker in a direction of the intended antenna directivity than
in another direction, it is possible to make the antenna
directivity be in the direction corresponding to the thick part
of the dielectric 212. Therefore, directivity can be given to
a nondirectional antenna.

Further, the antenna device 200 according to the second
embodiment is formed by punching a metal sheet, and
resin-molding the punched metal sheet. Therefore, the
antenna device 200 can be manufactured at low cost.

A method of manufacturing the antenna device 200 is
described.

FIGS. 7A through 7E, 8A, 8B are diagrams for describing
the manufacturing method of the antenna device 200.

A planar metal sheet 311 shown in FIG. 7A is punched by
using a punch die. Accordingly, as shown in FIG. 7B,
multiple antenna parts 211 are formed, each including the
element part 221 and the ground part 222. The antenna parts
211 shown in FIG. 7B are separated into individual units as
shown in FIG. 7C. As shown in FIG. 7C, positions of the
element part 221 and the ground part 222 are determined by
a frame part 321, so as to be fixed at a predetermined
physical relationship. The element part 221 and the ground
part 222 are initially connected by the frame part 321.
Connection parts 322 between the frame part 321 and the
element part 221 and the ground part 222 are in a half-cut
status, so that the element part 221 and the ground part 222
can be easily cut off from the frame part 321 later.

Next, as shown in FIG. 7D, the connector 213 is arranged
at a position between the element part 221 and the ground
part 222, and soldered thereto. Accordingly, the signal pin
231 of the connector 213 is soldered to the element part 221,
and the sealed part 232 of the connector 213 is soldered to
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the ground part 222. Thus, the element part 221 and the
ground part 222 are fixed at predetermined positions via the
connector 231.

Next, the frame part 321 is cut off from the element part
221 and the ground part 222, thereby manufacturing the
antenna part 211 with the connector 213 soldered thereto, as
shown in FIG. 7E.

Next, as shown in FIG. 8A, the antenna part 211 to which
the connector 213 is soldered is mounted inside a mold die
331. Subsequently, fused, highly dielectric resin 333 is
injected to the mold die 331.

By performing resin-molding as shown in FIG. 8A, resin
is molded around the element part 221 and the ground part
222 of the antenna part 211, thereby forming the dielectric
212 and an overcoat 215.

Accordingly, the antenna device 200 is manufactured.

In the present embodiment, the connector 213 is mounted;
however, a signal line of the coaxial cable 214 can be
directly soldered to the element part 221, or a ground line of
the coaxial cable 214 can be directly soldered to the ground
part 222.

[Variations]

In the above embodiments, the dielectric 112, 212 having
a consistent dielectric constant €r is laminated; however,
dielectric materials having different dielectric constants can
be sequentially laminated on the element pattern.

FIG. 9 is a cross-sectional view of a variation of the
dielectric 112, 212.

As shown in FIG. 9, plural layers of the dielectric 112, 212
having  different  dielectric  constants, satistying
Erl<€r2 . . . <€m, can be sequentially laminated on the
antenna part 111, 211.

Further, in the above embodiments, a monopole type
UWB antenna is applied; however, the present invention is
not limited thereto. A dipole antenna can be applied. More-
over, the present invention is applicable not only to a UWB
antenna, but also to wide band antennas or narrow band
antennas.

It is possible to separately form the dielectric 112, 212,
and then attach the dielectric 112, 212 to the element pattern
of the antenna part 111, 211. The dielectric 112, 212 sepa-
rately formed can also be insert-molded to the antenna part
111, 211.

The present invention is not limited to the specifically
disclosed embodiment, and variations and modifications
may be made without departing from the scope of the
present invention.

The present application is based on Japanese Priority
Patent Application No. 2006-091605, filed on Mar. 29, 2006,
the entire contents of which are hereby incorporated by
reference.
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What is claimed is:

1. An antenna device, comprising:

an antenna part including an element part and a ground

part, wherein two sides of the element part are each
tilted by a predetermined non-zero angle with respect to
an axis orthogonal to a side of the ground part opposing
the element part; and

a dielectric formed on the element part, wherein

the dielectric is formed to be thicker in a direction of

directivity that the antenna part is to be made to have,
than in another direction.

2. The antenna device according to claim 1, wherein

the antenna part includes

a printed wiring board, and

a conductive pattern formed on the printed wiring board.

3. The antenna device according to claim 1, wherein

the antenna part is made of a metal plate.

4. The antenna device according to claim 1, wherein

the dielectric is made from highly dielectric resin.

5. The antenna device according to claim 1, wherein

the dielectric is formed by insert-molding the antenna part

with a dielectric material.

6. The antenna device according to claim 1, wherein

the dielectric is formed by laminating plural layers of

dielectric material having different dielectric constants.

7. The antenna device according to claim 1, further
comprising a power feeding point positioned between the
two tilted sides of the element part.

8. The antenna device according to claim 1, further
comprising a power feeding point formed on an edge of the
element part opposing the ground part.

9. A method of manufacturing an antenna device includ-
ing an antenna part on which a dielectric material is molded,
the antenna part including an element part and a ground part,
wherein two sides of the element part are each tilted by a
predetermined non-zero angle with respect to an axis
orthogonal to a side of the ground part opposing the element
part, the method comprising:

insert-molding the antenna part with the dielectric mate-

rial, such that the dielectric material is thicker in a
direction of directivity that the antenna part is to be
made to have, than in another direction.

10. A method of manufacturing an antenna device includ-
ing an antenna part and a dielectric formed on the antenna
part, the antenna part including an element part and a ground
part, wherein two sides of the element part are each tilted by
a predetermined non-zero angle with respect to an axis
orthogonal to a side of the ground part opposing the element
part, the dielectric being formed to be thicker in a direction
of directivity that the antenna part is to be made to have, than
in another direction, the method comprising one of:

attaching the dielectric to the antenna part; and

insert-molding the antenna part and the dielectric.

#* #* #* #* #*
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(57) ABSTRACT

A broadband antenna includes a radiation part (10) for
radiating and receiving electromagnetic signals, a feed por-
tion (30) for feeding the electromagnetic signals, and a pair
of ground planes (40) respectively disposed on sides of the
feed portion. The radiation part comprises an annular first
radiation segment (12) and an annular second radiation
segment (14) being inscribed within a space defined by the
annular shape of the first radiation segment. The feed portion
is electrically connected to the radiation part.
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BROADBAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna, and particu-
larly to a broadband antenna.

2. Description of Related Art

Nowadays, main transmitting modes of wireless local
area networks (WLAN) comprise IEEE802.11a,
IEEE802.11b, and IEEE802.11g. In addition, with develop-
ment of wireless communication technology, IEEE802.11n,
as a new generation transmitting mode for WLANS, is
destined to be compatible with the current transmitting
modes for WLANs. That is, it is destined that the
IEEE802.11n will be able to operate in both the 2.4~2.5 GHz
band of TEEE802.11b and IEEE802.11g, and the 4.9~5.85
GHz band of IEEE802.11a. Therefore, an antenna that can
operate in both the 2.4~2.5 GHz and 4.9~5.85 GHz bands is
needed.

Therefore, a heretofore unaddressed need exists in the
industry to overcome the aforementioned deficiencies and
inadequacies.

SUMMARY OF THE INVENTION

In one exemplary embodiment of the invention, a broad-
band antenna includes a radiation part for radiating and
receiving electromagnetic signals, a feed portion for feeding
the electromagnetic signals, and a pair of ground planes
respectively disposed on sides of the feed portion. The
radiation part comprises an annular first radiation segment,
and an annular radiation segment being inscribed in the first
radiation segment. The feed portion is electrically connected
to the radiation part.

In another exemplary embodiment of the present inven-
tion, a broadband antenna includes a radiation part for
radiating and receiving electromagnetic signals, a feed por-
tion for feeding the electromagnetic signals to the radiation
part, and a pair of ground planes respectively disposed on
sides of the feed portion. The radiation part comprises an
annular first radiation segment, and a zonal second radiation
segment disposed within a space defined by the annular
shape of the first radiation segment. The feed portion elec-
trically connects with the radiation part. The second radia-
tion segment extends from a part of the first radiation
segment.

In a third exemplary embodiment of the present invention,
a broadband antenna comprises a radiation part for radiating
and receiving electromagnetic signals, a feed portion elec-
trically connecting with the radiation part, and a pair of
ground planes respectively disposed on sides of the feed
portion. The radiation segment comprises an annular first
radiation segment, and a second radiation segment disposed
within a space defined by the annular shape of the first
radiation segment. The second radiation segment is sepa-
rated from the first radiation segment and a slot is formed
between the first radiation segment and the second radiation
segment. The feed portion electrically connects with the
radiation part.

Other advantages and novel features will become more
apparent from the following detailed description when taken
in conjunction with the accompanying drawings, in which:
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view of a broadband antenna
of a first exemplary embodiment of the present invention;

FIG. 2 is a schematic plan view illustrating dimensions of
the broadband antenna of FIG. 1;

FIG. 3 is a graph of simulated test results showing voltage
standing wave ratio (VSWR) of the broadband antenna of
FIG. 1,

FIG. 4 is a graph of simulated test results showing a
radiation pattern when the broadband antenna of FIG. 1 is
operated at 2.4 GHz;

FIG. 5 is a graph of simulated test results showing a
radiation pattern when the broadband antenna of FIG. 1 is
operated at 4.9 GHz;

FIG. 6 is a graph of simulated test results showing a
radiation pattern when the broadband antenna of FIG. 1 is
operated at 6 GHz;

FIG. 7 is a schematic plan view of a broadband antenna
of'a second exemplary embodiment of the present invention;

FIG. 8 is a schematic plan view illustrating dimensions of
the broadband antenna of FIG. 7,

FIG. 9 is a graph of simulated test results showing VSWR
of the broadband antenna of FIG. 7,

FIG. 10 is a graph of simulated test results showing a
radiation pattern when the broadband antenna of FIG. 7 is
operated at 2.4 GHz;

FIG. 11 is a graph of simulated test results showing a
radiation pattern when the broadband antenna of FIG. 7 is
operated at 4.9 GHz;

FIG. 12 is a graph of simulated test results showing a
radiation pattern when the broadband antenna of FIG. 7 is
operated at 6 GHz;

FIG. 13 is a schematic plan view of a broadband antenna
of a third exemplary embodiment of the present invention;

FIG. 14 is a schematic plan view illustrating dimensions
of the broadband antenna of FIG. 13;

FIG. 15 is a graph of simulated test results showing
VSWR of the broadband antenna of FIG. 13;

FIG. 16 is a graph of simulated test results showing a
radiation pattern when the broadband antenna of FIG. 13 is
operated at 2.4 GHz;

FIG. 17 is a graph of simulated test results showing a
radiation pattern when the broadband antenna of FIG. 13 is
operated at 4.9 GHz; and

FIG. 18 is a graph of simulated test results showing a
radiation pattern when the broadband antenna of FIG. 13 is
operated at 6 GHz.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, a broadband antenna 100 of a first
exemplary embodiment of the present invention, disposed
on a surface of a substrate 50, includes a radiation part 10,
a feed portion 30, and a pair of rectangular ground planes 40.
The feed portion 30 and the ground planes 40 both extend
from an edge 52 of the substrate 50. The feed portion 30 is
for feeding the electromagnetic signals to the radiation part
10 and is electrically connected to the radiation part 10. The
two ground planes 40 are disposed on sides of the feed
portion 30 respectively, for improving radiation efficiency of
the broadband antenna 100.

The radiation part 10 is for radiating and receiving
electromagnetic signals, and comprises a first radiation
segment 12 and a second radiation segment 14. The first
radiation segment 12 is annular, and the second radiation
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segment 14 is also annular and is disposed within a space
defined by the annular shape of the first radiation segment
12. A center of the first radiation segment 12 is on an axis
of the feed portion 30.

A point of contact of the first radiation segment 12 with
the second radiation segment 14 is away from the feed
portion 30. The axis of the feed portion 30 passes through a
center of the second radiation segment 14 and across the
point of contact of the first radiation segment 12 with the
second radiation segment 14. The radiation part 10 further
comprises a zonal connecting portion 16 disposed outside of
the second radiation segment 14 and in the first radiation
segment 12, and an axis of the connecting portion 16 is
coaxial with the axis of the feed portion 30. Two ends of the
connecting portion 16 respectively connect with the first
radiation segment 12 and the second radiation segment 14.

The feed portion 30 comprises a cone-shaped matching
part 19 formed at an end thereof, for matching impedance of
the broadband antenna 100, a wider edge of the feed portion
30 connecting with the first radiation segment 12.

Referring to FIG. 2, in the exemplary embodiment, an
outside diameter D1 of the first radiation segment 12 is about
14.96 millimeter (mm), and an inside diameter d1 is about
10 mm. An outside diameter D2 of the second radiation
segment 14 is about 3.5 mm, and an inside diameter d2 of
the second radiation segment 14 is about 2.55 mm. A length
L1 of'the connecting portion 16 is about 3.5 mm, and a width
11 of the connecting portion 16 is about 1.03 mm. A width
WI of each of the ground planes 40 is about 6.48 mm, and
a length w1 of each of the ground planes 40 is about 2.3 mm.

FIG. 3 is a graph of test results showing voltage standing
wave ratio (VSWR) of the broadband antenna 100. A
horizontal axis represents the frequency (in GHz) of the
electromagnetic signals traveling through the broadband
antenna 100, and a vertical axis indicated by a curve
represents the amplitude of VSWR of the broadband antenna
100. As shown in FIG. 3, the broadband antenna 100 has a
good performance when operating at frequency bands of
2.3573~9.5314 GHz. The amplitude values of the VSWR in
the band pass frequency range are smaller than a value of 2,
indicating that the broadband antenna 100 complies with
application of 802.11n.

FIGS. 4~6 are graphs of test results showing a simulated
radiation pattern in horizontal and vertical planes, when the
broadband antenna 100 of FIG. 1 is operated respectively at
2.4 GHz, 4.90 Hz and 6 GHz. It is to be noted that except
for a plane where the broadband antenna 100 is placed, the
broadband antenna 100 has good radiation performance in
each direction.

Referring to FIG. 7, a broadband antenna 200 of a second
embodiment of the present invention is shown. The broad-
band antenna 200 of the second embodiment is disposed on
a substrate 150, and includes a radiation part 110, a feed
portion 130, and a pair of rectangular ground planes 140.
The radiation part 110 includes an annular first radiation
segment 112, and a second radiation segment 114 disposed
in the first radiation segment 112. The feed portion 130 and
the ground planes 140 extend from an edge 152 of the
substrate 150.

All constructions and functions of the second embodiment
are the same as the aforementioned first embodiment, except
that the radiation part 110 does not include any connecting
portion; the feed portion 130 does not include any matching
part; the second radiation segment 114 is zonal, and extends
from a portion of contact of the first radiation segment 112
with the feed portion 130, and further, the second radiation
segment 114 is coaxial with the feed portion 130; and
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lengths of the two ground planes 140 are different from each
other, and widths of the two ground planes 140 are different
from each other as well.

Referring to FIG. 8, an outside diameter D3 of the first
radiation segment 112 is about 5.8 mm, and an inside
diameter d3 of the first radiation segment 112 is about 5.225
mm. A length L2 of the second radiation segment 114 is
about 5.4 mm, and a width 12 of the second radiation
segment 114 is about 1.2 mm. A length of the feed portion
130 is about 12 mm and a width of the feed portion 130 is
about 1.2 mm. The lengths B1 and B2 of the two ground
planes 140 are respectively about 11.9 mm and 4.1 mm, and
the widths Al and A2 of the two ground planes 140 are
respectively 5.05 mm and 2 mm.

FIG. 9 is a graph of test results showing voltage standing
wave ratio (VSWR) of the broadband antenna 200. A
horizontal axis represents the frequency (in GHz) of the
electromagnetic signals traveling through the broadband
antenna 200, and a vertical axis indicated by a curve
represents the amplitude of VSWR of the broadband antenna
200. As shown in FIG. 9, the broadband antenna 200 has a
good performance when operating at frequency bands of
2.3679~9.5314 GHz. The amplitude values of the VSWR in
the band pass frequency range are smaller than a value of 2,
indicating that the broadband antenna 200 complies with
application of 802.11n.

FIGS. 10~12 are graphs of test results showing a simu-
lated radiation pattern in horizontal and vertical planes,
when the broadband antenna 200 of FIG. 7 is operated
respectively at 2.4 GHz, 4.9 GHz and 6 GHz. It is to be noted
that except for a plane where the broadband antenna 200 is
placed, the broadband antenna 200 has good radiation per-
formance in each direction.

Referring to FIG. 13, a broadband antenna 300 of a third
embodiment is shown. The broadband antenna 300 is dis-
posed on a surface of a substrate 250, and also includes an
annular first radiation segment 212, a second radiation
segment 214 disposed within a space defined by the annular
shape of the first radiation segment 212, a pair of ground
planes 242, 244, and a feed portion 230. The feed portion
230 and the ground planes 242, 244 extend from an edge 252
of the substrate 250. The second radiation segment 214 and
the first radiation segment 212 are coaxial with the feed
portion 230.

All constructions and functions of the third embodiment
are the same as the first embodiment, except that the
broadband antenna 300 does not comprise any connecting
portion; the feed portion 230 does not include any matching
part; the second radiation segment 214 is generally in a
shape of a semicircle, and is separated from the first radia-
tion segment 212 with an arcuate slot 215 formed between
the first radiation segment 212 and the second radiation
segment 214; the second radiation segment 214 comprises
an arcuate edge 2142, and a straight edge 2144 with two
ends respectively connected to two ends of the arcuate edge
2142; the straight edge 2144 is vertical to an axis of the feed
portion 230; and the arcuate edge 2142 is parallel to the first
radiation segment 212, and is more adjacent to the feed
portion 230 than the straight edge 2144. In the illustrated
embodiment, the second radiation segment 214 is generally
in a shape of a segment on a chord of a circle.

The two ground planes 242, 244 are designated herein as
a first ground plane 242 and a second ground plane 244. The
first ground plane 242 is rectangular. The second ground
plane 244 includes an arcuate edge 2442 parallel to the first





US 7,382,321 Bl

5

radiation segment 212, and a pair of parallel straight edges
2444 extending from the edge 252 of the substrate 250. The
two straight edges 2444 are respectively connected to two
ends of the arcuate edge 2442, and are parallel to the axis of
the feed portion 230. Lengths of the two parallel straight
edges 2444 are both greater than that of an edge of the first
ground plane 242 that is parallel to the feed portion 230.

Referring to FIG. 14, in the third embodiment, an outside
diameter 1.3 of the first radiation segment 212 is about 12.2
mm, and an inside diameter 13 is about 11.2 mm. A width c4
of a space between the first radiation segment 212 and the
arcuate edge 2142 of the second radiation segment 214 is
about 0.1 mm. A distance H between the straight edge 2144
of the second radiation segment 214 and the edge 252 of the
substrate 250 is about 9.5 mm. A length K of the feed portion
230 is about 5.5 mm, and a width of the feed portion 230 is
about 1.5 mm. A distance c3 between the feed portion 230
and each of the ground planes 242 and 244 is about 0.32 mm.
A length L4 of the first ground plane 242 is about 3.97 mm,
and a width 14 of the first ground plane 242 is about 2.375
mm. A width c4 of a space between the arcuate edge 2442
of the second ground plane 244 and the first radiation
segment 212 is about 0.1 mm. A width 15 of the second
ground plane 244 is about 2.93 mm.

Referring to FIG. 14, in the third embodiment, an outside
diameter D4 of the first radiation segment 212 is about 12.2
mm, and an inside diameter d4 is about 11.2 mm. A width
c4 of a space between the first radiation segment 212 and the
arcuate edge 2142 of the second radiation 214 is about 0.1
mm. A distance H between the straight edge 2144 of the
second radiation segment 214 and a hemline 252 of the
substrate is about 9.5 mm. A length K of the feed portion 230
is about 5.8 mm, and a width J of the feed portion 230 is
about 1.5 mm. A distance c3 between the feed portion 230
and each of the ground planes 242 and 244 is about 0.32 mm.
A length 1.4 of the first radiation segment 242 is about 3.97
mm, and a width 14 of the first radiation segment 242 is
about 2.375 mm. A width c4 of a space between the arcuate
edge of the second ground plane 244 and the first radiation
segment 212 is about 0.1 mm. A width L5 of the second
ground plane 244 is about 2.93 mm.

FIG. 15 is a graph of test results showing voltage standing
wave ratio (VSWR) of the broadband antenna 300. A
horizontal axis represents the frequency (in GHz) of the
electromagnetic signals traveling through the broadband
antenna 300, and a vertical axis indicated by a curve
represents the amplitude of VSWR of the broadband antenna
300. As shown in FIG. 15, the broadband antenna 100 has
a good performance when operating at frequency bands of
2.3529~6.3603 GHz. The amplitude values of the VSWR in
the band pass frequency range are smaller than a value of 2,
indicating that the broadband antenna 300 complies with
application of 802.11n.

FIGS. 16~18 are graphs of test results showing a simu-
lated radiation pattern in horizontal and vertical planes,
when the broadband antenna 300 of FIG. 13 is operated
respectively at 2.4 GHz, 4.9 GHz and 6 GHz. It is to be noted
that except for a plane where the broadband antenna 300 is
placed, the broadband antenna 300 has good radiation per-
formance in each direction.

While exemplary embodiments have been described
above, it should be understood that they have been presented
by way of example only and not by way of limitation. Thus
the breadth and scope of the present invention should not be
limited by the above-described exemplary embodiments, but
should be defined only in accordance with the following
claims and their equivalents.
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What is claimed is:

1. A broadband antenna, comprising:

a radiation part, for radiating and receiving electromag-
netic signals, comprising an annular first radiation
segment, and an annular second radiation segment
being inscribed within a space defined by the annular
shape of the first radiation segment;

a feed portion, electrically connecting with the radiation
part, for feeding the electromagnetic signals to the
radiation part; and

a pair of ground planes, respectively disposed on sides of
the feed portion.

2. The broadband antenna as claimed in claim 1, wherein

a center of the first radiation segment and a center of the
second radiation segment are both on an axis of the feed
portion.

3. The broadband antenna as claimed in claim 1, wherein
the radiation part further comprises a zonal connecting
portion disposed outside of the second radiation segment but
within the first radiation segment, two ends of the connect-
ing portion respectively connecting with the first radiation
segment and the second radiation segment.

4. The broadband antenna as claimed in claim 3, wherein
an axis of the connecting portion is coaxial with an axis of
the feed portion.

5. The broadband antenna as claimed in claim 1, wherein
the two ground planes have same lengths and same widths.

6. A broadband antenna, comprising:

a radiation part, for radiating and receiving electromag-
netic signals, comprising an annular first radiation
segment, and a zonal second radiation segment dis-
posed within a space defined by the annular shape of
the first radiation segment,

a feed portion, electrically connecting with the radiation
part, for feeding the electromagnetic signals to the
radiation part; and

a pair of ground planes, respectively disposed on sides of
the feed portion,

wherein the second radiation segment extends from a
point of contact of the first radiation segment with the
feed portion.

7. The broadband antenna as clamed in claim 6, wherein

a length of one of the two ground planes is greater than that
of the other one, and a width of the longer ground plane is
also greater than that of the shorter one.

8. The broadband antenna as claimed in claim 6, wherein
the second radiation segment is coaxial to the feed portion.

9. A broadband antenna, comprising:

a radiation part, for radiating and receiving electromag-
netic signals, comprising an annular first radiation
segment, a second radiation segment generally in a
shape of a semicircle disposed within a space defined
by the annular shape of the first radiation segment, and
an arcuate slot formed between the first radiation
segment and the second radiation segment to separate
the first radiation segment from the second radiation
segment;

a feed portion, electrically connecting with the radiation
part, for feeding the electromagnetic signals to the
radiation part; and

a pair of ground planes, respectively disposed on sides of
the feed portion.

10. The broadband antenna as claimed in claim 9, wherein
the second radiation segment comprises an arcuate edge, and
a straight edge with two ends respectively connected to two
ends of the arcuate edge, and the straight edge is vertical to
an axis of the feed portion.
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11. The broadband antenna as claimed in claim 10, to the first radiation segment, and a pair of parallel straight
wherein the arcuate edge is nearer to the feed portion than edges respectively connecting with two ends of the arcuate
the straight edge. edge.

12. The broadband antenna as claimed in claim 9, wherein
one of the ground planes comprises an arcuate edge parallel ¥ % % % %
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(57) ABSTRACT

A circularly polarized patch antenna assembly having a
relatively compact volume includes a substrate, a radiation
metal piece, a grounded metal piece and a signal-inputting
body. A plurality of frequency down-conversion metal
pieces in a form of elongate stripe extends from four sides
of the grounded metal piece, thereby to reduce the resonant
frequency. The frequency down-conversion metal pieces are
adhered on the side face of the substrate, so that the
frequency down-conversion metal piece on one side face is
arranged diagonally with respect to the frequency down-
conversion metal piece on the opposite side face. When the
resonant frequency of the antenna is to be reduced, the
position and the area of the frequency down-conversion
metal piece can be adjusted but the increased area of the
frequency down-conversion metal piece cannot be larger
than a half area of the side face of the substrate. Alterna-
tively, the length of the frequency down-conversion metal
piece can be increased.

13 Claims, 9 Drawing Sheets
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CIRCULARLY POLARIZED PATCH
ANTENNA ASSEMBLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna, and in par-
ticular to a relatively compact patch antenna assembly.

2. Description of Prior Art

Nowadays, automotive satellite navigation systems rap-
idly become more and more popular. In addition to be
combined with an in-car AV system, many kinds of GPS
products are developed in which the satellite navigation
system is integrated with a PDA, Notebook or mobile phone.
The GPS product which is most closely related to the car
owner is the portable automobile GPS. As to the car owner
whose car is not originally equipped with a GPS, it is good
for him/her to choose a portable automobile GPS because
the price thereof is reasonable and the portability thereof
allows to be used out of the car. Further, even the car owner
buys a new car in the future, he/she can still use this portable
automobile GPS.

When the GPS is integrated with various electronic prod-
ucts such a PDA, Notebook or mobile phone, a GPS
signal-receiving antenna assembly is necessarily built in the
electronic device. With reference to FIG. 1, the antenna
comprises a substrate 1A, a radiation metal pieces 2A, a
grounded metal pieces 3A and a signal-inputting body 4A.
The substrate of this kind of antenna is made of ceramic
materials having a high dielectric constant (8-150). The
resonant frequency of the circularly polarized patch antenna
is 1575.42 MHz.

Recently, since the volume of the PDA or mobile phone
is made more and more compact, when the GPS is to be
integrated with the PDA or mobile phone, a phenomenon
may occurs that the existing circularly polarized patch
antenna shown in FIG. 1 cannot be mounted therein. More-
over, it is difficult for this kind of circularly polarized patch
antenna to further reduce the size thereof because the area of
the radiation metal piece 2A connected on the surface of the
substrate 1A will be reduced accordingly when the volume
of the substrate 1A is reduced. On the condition that the
substrate dielectric constant is not changed, once the area of
the radiation metal piece 2A is reduced, the resonant fre-
quency of the antenna will rise to depart from the frequency
band that can be received by the GPS, which causes the GPS
unable to receive the signals. Although the antenna can be
mounted in a small-volume PDA or mobile phone, the
function of receiving satellite signals may not be obtained.
Therefore, it is an important issue in the field of the present
invention to reduce the area and volume of the circularly
polarized patch antenna.

SUMMARY OF THE INVENTION

The present invention is characterized in that the side face
of the patch antenna is additionally provided with a fre-
quency down-conversion metal piece, so that the volume of
the circularly polarized patch antenna having the same
dielectric constant can be reduced by 10% to 50% while
maintaining the original resonant frequency and circularly
polarized property.

In order to achieve the above objects, the present inven-
tion provides a circularly polarized patch antenna assembly,
in which a plurality of frequency down-conversion metal
pieces extends from the grounded metal piece. The fre-
quency down-conversion metal pieces are adhered on the
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side face of the substrate made of dielectric materials, so that
the frequency down-conversion metal piece on one side face
is arranged diagonally with respect to the frequency down-
conversion metal piece on the opposite side face. When the
resonant frequency of the antenna is to be reduced, the
position and the area of the frequency down-conversion
metal piece can be adjusted but the increased area of the
frequency down-conversion metal piece cannot be larger
than a half area of the side face of the substrate. Alterna-
tively, the length of the frequency down-conversion metal
piece can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a conventional
circularly polarized patch antenna assembly;

FIG. 2 is a perspective view showing the patch antenna
assembly of the first embodiment of the present invention;

FIG. 3 is an exploded view showing the patch antenna
assembly of the first embodiment of the present invention;

FIG. 4 is a top view showing the patch antenna assembly
of the first embodiment of the present invention;

FIG. 5 is a side view showing the patch antenna assembly
of the first embodiment of the present invention;

FIG. 6 is a top view showing the patch antenna assembly
of the second embodiment of the present invention;

FIG. 7 is a side view showing the patch antenna assembly
of the second embodiment of the present invention;

FIG. 8 is a schematic view showing the patch antenna
assembly of the third embodiment of the present invention;

FIG. 9 is a schematic view showing the patch antenna
assembly of the fourth embodiment of the present invention;

FIGS. 10A and 10B are schematic views showing the
patch antenna assembly of the fifth embodiment of the
present invention;

FIG. 11 is a schematic view showing the patch antenna
assembly of the sixth embodiment of the present invention;
and

FIGS. 12A and 12B are schematic views showing the
patch antenna assembly of the seventh embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The technical contents and detailed description of the
present invention will be explained with reference to the
accompanying drawings.

FIG. 2 is a perspective view showing the patch antenna
assembly of the first embodiment of the present invention,
and FIG. 3 is an exploded view showing the patch antenna
assembly of the first embodiment of the present invention.
The miniaturized circularly polarized patch antenna assem-
bly shown in these figures includes a substrate 1, a radiation
metal piece 2, a grounded metal piece 3 and a signal
inputting body 4. The above components are combined to
form a miniaturized antenna assembly that can be built and
used in a portable GPS satellite navigation system.

The above substrate 1 is a cubical body and made of
ceramic materials having a high dielectric constant (8-150).
The upper surface of the substrate has a penetrating hole 11
for penetrating the substrate 1.

The radiation metal piece 2 is a square sheet provided on
the surface of the substrate 1, and provided therecon with a
through hole 21 corresponding to the above penetrating hole
11. The radiation metal piece 2 has four corners. Any two
diagonal chamfers 22 can form a dextrorotary or levorotary
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circularly polarized patch antenna. In the figures, the cham-
fers 22 on the radiation metal piece 2 are provided in the
right-upper portion and the corresponding left-lower portion
thereof. Therefore, it belongs to a dextrorotary circularly
polarized patch antenna.

With reference to FIG. 4, the grounded metal piece 3 is a
square sheet and has a sheet 31 connected to the bottom of
the substrate 1. The sheet 31 has a penetrating hole 32 whose
inner diameter is larger than that of the penetrating hole 11.
Further, a plurality of frequency down-conversion metal
pieces in a form of an elongated sheet extends from four
sides of the sheet 21. The frequency down-conversion metal
piece 33 is adhered onto the side face 12 of the substrate 1,
so that the frequency down-conversion metal piece 33 on the
one side face 12 is diagonally arranged with respect to the
frequency down-conversion metal piece 33' on the opposite
side face 12'. In this figure, the frequency down-conversion
metal piece 33 is used to reduce the resonant frequency of
the antenna. When the volume of the substrate 1 of the
antenna is reduced, the area of the radiation metal piece 2 is
also reduced, which causes the increase of the resonant
frequency of the antenna. Therefore, the frequency down-
conversion metal piece 33 can be used to recover the
resonant frequency of the antenna to a desired frequency
band.

The signal-inputting body 4 is formed into a T-lettered
shape and has a pillared solid or tubular hollow conductor
body 41. One end of the body 41 has a head portion 42. After
the body 41 of the signal-inputting body 4 penetrates
through the penetrating hole 11, the through hole 21 and the
penetrating hole 32, the head portion 42 at one end of the
body 41 is electrically connected with the radiation metal
piece 2. When the radiation metal piece 2 receives signals,
the signal-inputting body 4 forms a signal-inputting point.

Owing to the design of the frequency down-conversion
metal piece 33, the volume of the antenna made of the
material having the same dielectric constant can be reduced
by 10% to 50%. Therefore, the thus-formed antenna can be
built in the current compact portable electronic device.

FIG. 4 and FIG. 5 are a top view and a side view of the
patch antenna of the present invention. As shown in these
figures, when the chamfers 22 of the radiation metal piece 2
on the substrate 1 of the patch antenna are arranged in the
right-upper portion and the corresponding left-lower portion
thereof, the frequency down-conversion metal piece 33
extending from the grounded metal piece 3 is arranged on
the left side face 121 of the side face 12, thereby to form a
dextrorotary circularly polarized patch antenna for receiving
and transmitting a dextrorotary circularly polarized elec-
tronic wave.

When the resonant frequency of the antenna is to be
further reduced, the area of the frequency down-conversion
metal piece 33 can be increased. However, the increased
area of the frequency down-conversion metal piece 33
cannot be larger than a half area of the side face 12 of the
substrate 1. If the area of the frequency down-conversion
metal piece 33 is larger than a half area of the side face of
the substrate 1, the radiation gain and efficiency of the
antenna will be seriously affected.

FIG. 6 and FIG. 7 are a top view and a side view of the
patch antenna of the second embodiment of the present
invention. As shown in these figures, when the chamfers 22
of the radiation metal piece 2 on the substrate 1 of the patch
antenna are arranged in the left-upper portion and the
corresponding right-lower portion thereof, the frequency
down-conversion metal piece 33 extending from the
grounded metal piece 3 is arranged on the right side face 122
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of the side face 12, thereby to form a levorotary circularly
polarized patch antenna for receiving and transmitting a
levorotary circularly polarized electronic wave.

When the resonant frequency of the antenna is to be
reduced, the area of the frequency down-conversion metal
piece 33 can be increased. However, the increased area of
the frequency down-conversion metal piece 33 cannot be
larger than a half area of the side face 12 of the substrate 1.
If the area of the frequency down-conversion metal piece 33
is larger than a half area of the side face of the substrate 1,
the radiation gain property of the antenna will be seriously
affected.

FIG. 8 is a schematic view showing the patch antenna
assembly of the third embodiment of the present invention.
As shown in this figure, the frequency down-conversion
metal piece 33 of the circularly polarized patch antenna
shown in FIGS. 8A to 8D can be formed into any one of
triangle, oblique stripe, wave, L-lettered shape or the like.
By means of coating or adhesion, the frequency down-
conversion metal piece 33 can be adhered onto the left side
face 121 or right side face 122 of the side face 12 of the
substrate 1, or extending from the left side face 121 to the
right side face 122, or vice versa. However, the coated or
adhered area of the frequency down-conversion metal piece
33 cannot be larger than a half area of the side face 12.

FIG. 9 is a schematic view showing the patch antenna
assembly of the fourth embodiment of the present invention.
As shown in the figure, when the resonant frequency of the
antenna is to be reduced, in addition to increase the area of
the frequency down-conversion metal piece 33, the length
thereof can be alternatively increased. The length of the
frequency down-conversion metal piece 33 can be extended
on the surface substrate 1 but not contact with the radiation
metal piece 2.

FIGS. 10A and 10B are schematic views showing the
patch antenna assembly of the fifth embodiment of the
present invention. As shown in the figures, the radiation
metal piece 2 is formed into a circular shape. The circum-
ference of the radiation metal piece 2 is provided with
bumps or notches 23 arranged in the left-upper portion and
the corresponding right-lower portion thereof. The fre-
quency down-conversion metal piece 33 extending from the
grounded metal piece 3 is provided on the right side face 122
of the side face 12, thereby to form a levorotary circularly
polarized patch antenna for receiving and transmitting a
levorotary circularly polarized electronic wave.

FIG. 11 is a schematic view of the patch antenna of the
sixth embodiment of the present invention. As shown in this
figure, when the substrate 1 and the grounded metal piece 3
are both formed into a circular shape, and the chamfers 22
of the radiation metal piece 2 on the surface are arranged in
the right-upper portion and the corresponding left-lower
portion thereof, the frequency down-conversion metal piece
33 extending from the grounded metal piece 3 is arranged on
the circumferential surface 14, thereby to form a dextroro-
tary circularly polarized patch antenna for receiving and
transmitting a dextrorotary circularly polarized electronic
wave.

FIG. 12A and FIG. 12B are schematic views of the patch
antenna of the seventh of the present invention. As shown in
theses figures, when the substrate 1, the radiation metal
piece 2 and the grounded metal piece 3 of the patch antenna
are formed into a circular shape, and the circumference of
the radiation metal piece 2 is provided with bumps or
notches 23 in the left-upper portion and the corresponding
right-lower portion thereof, the frequency down-conversion
metal piece 33 extending from the grounded metal piece 3
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is provided on the circumferential surface 14, thereby to
form a levorotary circularly polarized patch antenna for
receiving and transmitting a levorotary circularly polarized
electronic wave.

Although the present invention has been described with
reference to the foregoing preferred embodiments, it will be
understood that the invention is not limited to the details
thereof. Various equivalent variations and modifications can
still be occurred to those skilled in this art in view of the
teachings of the present invention. Thus, all such variations
and equivalent modifications are also embraced within the
scope of the invention as defined in the appended claims.

What is claimed is:

1. A circularly polarized patch antenna assembly, com-
prising:

a substrate having a penetrating hole for penetrating the

substrate;

a radiation metal piece connected on the surface of the
substrate and provided with a through hole correspond-
ing to the penetrating hole, the radiation metal piece
having four corners, any two diagonal corners provided
with two symmetrical chamfers;

a grounded metal piece connected to the bottom of the
substrate and having a sheet thereon, the sheet having
a penetrating hole whose inner diameter is larger than
that of the penetrating hole, a plurality of frequency
down-conversion metal pieces extending from four
sides of the sheet, the frequency down-conversion
metal pieces adhered on the side face of the substrate,
the frequency down-conversion metal piece on one side
face arranged diagonally with respect to the frequency
down-conversion metal piece on the opposite side face;
and

a signal-inputting body penetrating the penetrating hole,
through hole and penetrating hole and electrically con-
nected with the radiation metal piece to form a signal-
inputting point.

2. The circularly polarized patch antenna assembly
according to claim 1, wherein the frequency down-conver-
sion metal piece is formed into any one an elongated sheet,
triangle, oblique strip, wave, L-lettered shape.

3. The circularly polarized patch antenna assembly
according to claim 1, wherein when the frequency down-
conversion metal piece is used to reduce the resonant
frequency of the antenna, the area of the frequency down-
conversion metal piece is able to be increased, the area
extends from the left side face to the right side face or
extends from the right side face to the left side face, the area
is not larger than a half area of the side face of the substrate.

4. The circularly polarized patch antenna assembly
according to claim 1, wherein when the frequency down-
conversion metal piece is used to reduce the resonant
frequency of the antenna, the length of the frequency down-
conversion metal piece is able to be extended onto the
surface of the substrate but not connect with the radiation
metal piece.
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5. The circularly polarized patch antenna assembly
according to claim 1, wherein two mutually symmetrical
chamfers on the radiation metal piece are arranged in the
right-upper portion and the corresponding left-lower portion
thereof, the frequency down-conversion metal piece extend-
ing from the grounded metal piece is arranged on the left
side face of the side face, thereby to form a dextrorotary
circularly polarized patch antenna for receiving and trans-
mitting a dextrorotary circularly polarized electronic wave.

6. The circularly polarized patch antenna assembly
according to claim 1, wherein two mutually symmetrical
chamfers on the radiation metal piece are arranged in the
left-upper portion and the corresponding right-lower portion
thereof, the frequency down-conversion metal piece extend-
ing from the grounded metal piece is arranged on the right
side face of the side face, thereby to form a levorotary
circularly polarized patch antenna for receiving and trans-
mitting a levorotary circularly polarized electronic wave.

7. The circularly polarized patch antenna assembly
according to claim 1, wherein the signal-inputting body is
formed into a T-lettered shape and has any one of a pillared
solid and a tubular hollow conductor body, one end of the
body has a head portion.

8. The circularly polarized patch antenna assembly
according to claim 1, wherein the substrate is formed into a
cubical or circular shape.

9. The circularly polarized patch antenna assembly
according to claim 1, wherein the radiation metal piece is
formed into a square or circular sheet.

10. The circularly polarized patch antenna assembly
according to claim 1, wherein the grounded metal piece is
formed into a square or circular sheet.

11. The circularly polarized patch antenna assembly
according to claim 1, wherein when the radiation metal piece
is formed into a circular shape, the circumference of the
radiation metal piece is provided with any one of bumps and
notches in the left-upper portion and the corresponding
right-lower portion thereof.

12. The circularly polarized patch antenna assembly
according to claim 1, wherein when the radiation metal piece
is formed into a circular shape, the circumference of the
radiation metal piece is provided with any one of bumps and
notches in the right-upper portion and the corresponding
left-lower portion thereof.

13. The circularly polarized patch antenna assembly
according to claim 1, wherein when the substrate is formed
into a circular shape, the frequency down-conversion metal
piece extending from the grounded metal piece is arranged
on the circumferential surface.
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ANTENNA STRUCTURE AND
COMMUNICATION APPARATUS
INCLUDING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

The present application is a 35 U.S.C. §371 national phase
conversion of PCT/IJP2004/017788 filed Nov. 30, 2004,
which claims priority of Japanese application no. JP2003-
402544 filed Dec. 2, 2003, which are incorporated herein in
their entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to an antenna structure
capable of performing radio communication in a plurality of
different frequency bands and to a communication apparatus
including the antenna structure.

2. Background Art

FIG. 11a schematically shows an example of an antenna
structure capable of performing radio communication in a
plurality of different frequency bands. An antenna structure
1 includes a feeding radiation electrode 2 and a non-feeding
radiation electrode 3. The feeding radiation electrode 2 is a
A4 radiation electrode, and is formed by, for example, a
conductor plate. A bent slit 4 including a U-shaped portion
is formed in the feeding radiation electrode 2 by cutting the
feeding radiation electrode 2 from an electrode edge. One
side Q of the two sides of the slit at the edge of the feeding
radiation electrode that are separated by the slit 4 serves as
a feeding end, and the other side K serves as an open end.
An electrode edge connected to the feeding end Q serves as
a short-circuited portion Gq for grounding. Due to the
formation of the slit 4, the feeding radiation electrode 2 has
a folded shape and includes a U-turn portion T in the middle
of the path from the feeding end Q toward the open end K.

The non-feeding radiation electrode 3 is also formed by a
conductor plate. A bent slit 5 including a U-shaped portion
is formed in the non-feeding radiation electrode 3 by cutting
the non-feeding radiation electrode 3 from an electrode
edge. One side Gm of the two sides at the edge of the
non-feeding radiation electrode that are separated by the slit
5 serves as a short-circuited portion for grounding, and the
other side 6 of the sides at the edge of the non-feeding
radiation electrode serves as an open end. The non-feeding
radiation electrode 3 is disposed adjacent to the feeding
radiation electrode 2 with a gap therebetween such that the
short-circuited portion Gm is adjacent to the short-circuited
portion Gq of the feeding radiation electrode 2 with a gap
therebetween.

For example, as shown by the return loss characteristics
in FIG. 115, a fundamental resonant frequency F1 0f a
resonance that mainly operates due to the feeding radiation
electrode 2 is in the vicinity of a fundamental resonant
frequency f1 of a resonance that mainly operates due to the
feeding radiation electrode 2 and the non-feeding radiation
electrode 3 that is electromagnetically coupled to the feeding
radiation electrode 2, and the frequencies F1 and f1 produce
a complex or dual resonance. In addition, a higher-order
resonant frequency F2 of the resonance that mainly operates
due to the feeding radiation electrode 2 is in the vicinity of
a higher-order resonant frequency f2 of the resonance that
mainly operates due to the feeding radiation electrode 2 and
the non-feeding radiation electrode 3 that is electromagneti-
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cally coupled to the feeding radiation electrode 2, and the
frequencies F2 and 2 produce a complex or dual resonance.

The antenna structure 1 shown in FIG. 1 a is capable of
performing radio communication in four resonant frequency
bands, that is, a fundamental resonant frequency band based
on the fundamental resonant frequency F1 and a higher-
order resonant frequency band based on the higher-order
resonant frequency F2 of the resonance that mainly operates
due to the feeding radiation electrode 2 and a fundamental
resonant frequency band based on the fundamental resonant
frequency f1 and a higher-order resonant frequency based on
the higher-order resonant frequency f2 of the resonance that
mainly operates due to the feeding radiation electrode 2 and
the non-feeding radiation electrode 3 that is electromagneti-
cally coupled to the feeding radiation electrode 2.

The antenna structure 1 is installed on, for example, a
circuit substrate of a radio communication apparatus. Thus,
the short-circuited portions Gq and Gm of the feeding
radiation electrode 2 and the non-feeding radiation electrode
3 are connected to a ground portion of the circuit substrate.
In addition, the feeding end Q of the feeding radiation
electrode 2 is connected to, for example, a high-frequency
circuit 8 for radio communication of the radio communica-
tion apparatus.

For example, in the antenna structure 1 shown in FIG.
11a, when a transmission signal is supplied from the high-
frequency circuit 8 of the radio communication apparatus to
the feeding end Q of the feeding radiation electrode 2, the
signal supply causes the feeding radiation electrode 2 to
resonate. At the same time, the signal is also supplied to the
non-feeding radiation electrode 3 due to electromagnetic
coupling, and the non-feeding radiation electrode 3 also
resonates. Thus, due to the resonance operation (antenna
operation) of the feeding radiation electrode 2 and the
non-feeding radiation electrode 3, a signal is radio-transmit-
ted. In addition, when the feeding radiation electrode 2 and
the non-feeding radiation electrode 3 resonate (perform an
antenna operation) due to an externally arrived signal (radio
wave) and receive the signal, the received signal is trans-
mitted from the feeding end Q of the feeding radiation
electrode 2 to the high-frequency circuit 8.

Patent Document 1: Japanese Unexamined Patent Appli-
cation Publication No. 10-93332

In the structure shown in FIG. 11a, the slit 4 is formed in
the feeding radiation electrode 2. Electrostatic capacitance is
generated in the portion where the slit 4 is formed, and this
electrostatic capacitance (C) and an inductance component
(L) of the feeding radiation electrode 2 form an L.C resonant
circuit. The LC resonant circuit is largely involved in a
resonant frequency of the feeding radiation electrode 2.
Thus, variable control of the resonant frequencies F1 and F2
of the feeding radiation electrode 2 can be achieved by
changing the position where the slit 4 is formed, the slit
length, and the slit width in order to change a value of the
electrostatic capacitance of the portion where the slit 4 is
formed and a value of the inductance component of the
feeding radiation electrode 2.

However, for example, when the slit length of the slit 4 is
increased in order to lower the higher-order resonant fre-
quency F2 of the feeding radiation electrode 2, the funda-
mental resonant frequency F1 of the feeding radiation elec-
trode 2 is also lowered. Thus, a problem occurs in that it is
not possible to lower only the higher-order resonant fre-
quency F2 to a desired frequency. In other words, there is a
problem in which it is difficult to individually control the
fundamental resonant frequency F1 and the higher-order
resonant frequency F2 of the feeding radiation electrode 2.
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In addition, when the slit length of the slit 4 is greatly
increased in order to greatly lower the higher-order resonant
frequency F2 of the feeding radiation electrode 2, the slit 4
may be formed in a spiral shape (coiled shape), for example,
as shown in FIG. 12. In this case, the inductance component
of the feeding radiation electrode 2 becomes too large, and
a signal loss in the feeding radiation electrode 2 becomes
large. Thus, radio wave (electric field) radiation is sup-
pressed. In addition, a phenomenon occurs in which electric
fields emitted from portions of the feeding radiation elec-
trode 2 cancel each other. If the slit 4 is formed in the spiral
shape, the antenna gain of the antenna structure 1 (the
feeding radiation electrode 2) is reduced due to the above-
mentioned phenomenon.

SUMMARY OF THE INVENTION

The present invention accordingly provides an improved
antenna structure that is capable of easily performing vari-
able control of a higher-order resonant frequency of a
feeding radiation electrode while hardly changing a funda-
mental resonant frequency of the feeding radiation electrode
and avoiding reduction in an antenna gain, and a commu-
nication apparatus including such an antenna structure.

An antenna structure according to an aspect of the present
invention includes a feeding radiation electrode including
one end serving as a feeding end and the other end serving
as an open end and performing an antenna operation in a
plurality of resonant frequency bands, and a non-feeding
radiation electrode electromagnetically coupled to the feed-
ing radiation electrode and performing an antenna operation
in a plurality of resonant frequency bands, the antenna
structure being capable of performing radio communication
in at least four resonant frequency bands, the lowest funda-
mental resonant frequency band and a higher-order resonant
frequency band higher than the lowest fundamental resonant
frequency band among the plurality of resonant frequency
bands of the feeding radiation electrode, and the lowest
fundamental resonant frequency band and a higher-order
resonant frequency band higher than the lowest fundamental
resonant frequency band among the plurality of resonant
frequency bands of the non-feeding radiation electrode. A
main slit is formed in the feeding radiation electrode by
cutting the feeding radiation electrode from an electrode
edge of the feeding radiation electrode. One of the two sides
of the main slit at the edge of the feeding radiation electrode
that are separated by the main slit serves as the feeding end
and the other of the two sides of the main slit serves as the
open end. The feeding radiation electrode has a folded shape
and includes a U-turn portion in the middle of a path
circumventing the main slit from the feeding end toward the
open end. A sub-slit for forming an open stub that is
connected to the U-turn portion and that provides the U-turn
portion with electrostatic capacitance is formed, indepen-
dent of the main slit, in the feeding radiation electrode. In
addition, a communication apparatus according to an aspect
of the present invention includes the antenna structure
having a feature according to the present invention.

According to the aspect of the present invention, the
feeding radiation electrode is a folded-shaped radiation
electrode including a U-turn portion, and an open stub that
provides the U-turn portion with electrostatic capacitance is
provided in the U-turn portion of the folded-shaped feeding
radiation electrode. Due to the formation of the open stub, an
LC resonant circuit (tank circuit) formed by electrostatic
capacitance (C) based on the open stub and an inductance
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component of the U-turn portion of the feeding radiation
electrode is locally provided in the U-turn portion of the
feeding radiation electrode.

The LC resonant circuit is involved in, or affects a
resonant frequency of the feeding radiation electrode. Due to
the difference between current distribution of a fundamental
resonant frequency and current distribution of a higher-order
resonant frequency in the feeding radiation electrode, the
degree of involvement, or effect of the L.C resonant circuit
in the higher-order resonant frequency of the feeding radia-
tion electrode is dramatically larger than the degree of
involvement, or effect of the LC resonant circuit in the
fundamental resonant frequency of the feeding radiation
electrode. Thus, by changing a value of electrostatic capaci-
tance of the open stub (a value of electrostatic capacitance
to be provided from the open stub to the U-turn portion), the
higher-order resonant frequency of the feeding radiation
electrode can be changed while hardly changing the funda-
mental resonant frequency of the feeding radiation elec-
trode.

In addition, instead of changing the higher-order resonant
frequency by changing the shape of the electrode on the
current channel between the feeding end and the open end of
the feeding radiation electrode as in the prior art, the
higher-order resonant frequency is changed by changing a
value of electrostatic capacitance of the open stub. Thus,
variable control of the higher-order resonant frequency of
the feeding radiation electrode can be achieved while con-
siderably avoiding fluctuations in a resonant state or condi-
tion in a resonant frequency band other than the higher-order
resonant frequency band of the feeding radiation electrode
(for example, a resonant frequency, the phase of a resonance,
and a Q-value), an impedance matching state, an electro-
magnetic coupling state between the feeding radiation elec-
trode and the non-feeding radiation electrode, and the like.

In addition, the open stub is provided by forming the
sub-slit in the feeding radiation electrode. Thus, complica-
tion in the shape of the feeding radiation electrode can be
avoided. In addition, the length (electrical length) of the
open stub is changed by changing the slit length and the cut
position of the sub-slit. Thus, a value of electrostatic capaci-
tance of the open stub can be easily changed, and variable
control of the higher-order resonant frequency of the feeding
radiation electrode can be achieved.

Since miniaturization of the antenna structure is desired,
when the feeding radiation electrode is miniaturized in
response to the desire, the electrical length of the feeding
radiation electrode is reduced. Thus, it is difficult to lower
the fundamental resonant frequency and the higher-order
resonant frequency of the feeding radiation electrode. In
contrast, with the present invention, since the main slit is
formed in the feeding radiation electrode, due to electrostatic
capacitance generated in the portion where the main slit is
formed, the fundamental resonant frequency and the higher-
order resonant frequency of the feeding radiation electrode
can be lowered easily. Moreover, since the main slit is bent
and includes a U-shaped portion, the slit length of the main
slit is longer than that of a main slit having a linear shape.
Thus, a value of the electrostatic capacitance of the main slit
can be increased, and an inductance component of the
feeding radiation electrode can be increased. Accordingly,
the fundamental resonant frequency and the higher-order
resonant frequency of the feeding radiation electrode can be
much lowered while miniaturizing the feeding radiation
electrode.

In addition, the feeding radiation electrode may be bent in
accordance with a virtual extension line of the sub-slit
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serving as a bending line. Thus, advantages described below
can be achieved. For example, when the feeding radiation
electrode is disposed on the circuit substrate such that an
electrode face of the feeding radiation electrode is substan-
tially parallel to the substrate face of the circuit substrate, by
bending the open stub of the feeding radiation electrode
toward the circuit substrate in accordance with the bending
line, which is the virtual extension line of the sub-slit, to
dispose the open stub, for example, in a direction perpen-
dicular to the circuit substrate, the area of the circuit
substrate occupied by the antenna structure can be reduced.
In other words, miniaturization in the antenna structure can
be achieved.

In addition, since the feeding radiation electrode and the
non-feeding radiation electrode are mounted on a dielectric
substrate, the electrical length of each of the feeding radia-
tion electrode and the non-feeding radiation electrode can be
increased due to an advantage in shortening of a wavelength
by the dielectric substrate. Thus, compared with a case
where the feeding radiation electrode and the non-feeding
radiation electrode are not mounted on the dielectric sub-
strate, the physical length of the feeding radiation electrode
and the non-feeding radiation electrode to achieve a desired
resonant frequency can be reduced. Thus, miniaturization of
the antenna structure can be advanced.

An edge of the open end of the feeding radiation electrode
and an edge of the non-feeding radiation electrode that is
adjacent to the edge of the feeding end of the feeding
radiation electrode with a gap therebetween both serve as
short-circuited portions for grounding. According to another
aspect of the invention, the distance between outline sides,
which face each other, of the feeding radiation electrode and
the non-feeding radiation electrode that are adjacent to each
other may be increased in a direction from an end of the
short-circuited portion of each of the outline sides to an end
opposite to the end of the short-circuited portion. Thus, an
advantage is achieved in which the electromagnetic coupling
state or condition between the feeding radiation electrode
and the non-feeding radiation electrode can be easily con-
trolled. In other words, it is desirable that the feeding
radiation electrode and the non-feeding radiation electrode
be capable of producing an excellent complex resonance in
the electromagnetic coupling state. In contrast, when the
distance between the feeding radiation electrode and the
non-feeding radiation electrode is reduced in order to min-
iaturize the antenna structure, mutual interference between
the feeding radiation electrode and the non-feeding radiation
electrode caused by too strong electromagnetic coupling
between the feeding radiation electrode and the non-feeding
radiation electrode may prevent an excellent complex reso-
nance. Thus, the distance between portions with a strong
electric field (that is, portions away from the short-circuited
portions) of the feeding radiation electrode and the non-
feeding radiation electrode may be increased. Thus, since
the too strong electromagnetic coupling between the feeding
radiation electrode and the non-feeding radiation electrode
can be moderated, an electromagnetic coupling state
between the feeding radiation electrode and the non-feeding
radiation electrode achieving an excellent complex reso-
nance can be easily realized without increasing the size of
the antenna structure.

The feeding radiation electrode and the non-feeding radia-
tion electrode may be provided at a shorter side of a
rectangular substrate (for example, a circuit substrate) such
that the short-circuited portion is connected to the shorter
side of the substrate. Thus, radio waves attracted from the
feeding radiation electrode and the non-feeding radiation
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electrode to the circuit substrate can be suppressed, and
radio waves can be easily emitted from the antenna structure
to the outside. Therefore, the antenna gain of the antenna
structure can be improved.

At least one of the feeding radiation electrode and the
non-feeding radiation electrode may be one of a plurality of
radiation electrodes. Thus, the number of resonant frequency
bands in which the antenna structure is capable of perform-
ing radio communication is easily increased.

A communication apparatus including the antenna struc-
ture having a feature according to the present invention is
capable of performing radio communication in a plurality of
resonant frequency bands with an excellent sensitivity with-
out increasing the size of the communication apparatus.

Other features and advantages of the present invention
will become apparent from the following description of
embodiments of invention which refers to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is an illustration for explaining an antenna
structure according to a first embodiment.

FIG. 15 is an illustration for explaining an example of the
arrangement of a feeding radiation electrode and a non-
feeding radiation electrode shown in FIG. 1a on a substrate.

FIG. 1c is a graph showing an example of the return loss
characteristics of the antenna structure according to the first
embodiment.

FIG. 2 is an illustration for explaining an example of
current distribution and voltage distribution of a radiation
electrode.

FIG. 3 is a model diagram showing an antenna structure
described in Patent Document 1.

FIG. 4a is an illustration for explaining another example
of a sub-slit formed in the feeding radiation electrode.

FIG. 45 is an illustration for explaining another example
of the sub-slit formed in the feeding radiation electrode.

FIG. 5 is a model diagram for explaining an antenna
structure according to a second embodiment.

FIG. 6 is a model diagram for explaining an antenna
structure according to a third embodiment.

FIG. 7a is an illustration for explaining an antenna
structure according to a fourth embodiment.

FIG. 7b is a graph showing an example of the return loss
characteristics of the antenna structure according to the
fourth embodiment.

FIG. 8a is a model diagram for explaining an example of
the antenna structure having a feature according to a fifth
embodiment.

FIG. 8b is a model diagram for explaining another
example of the antenna structure having a feature according
to the fifth embodiment.

FIG. 8¢ is a model diagram for explaining another
example of the antenna structure having a feature according
to the fifth embodiment.

FIG. 9 is an illustration for explaining another embodi-
ment.

FIG. 10 is a model diagram showing an example when a
sub-slit for forming an open stub is formed in a non-feeding
radiation electrode.

FIG. 11a is an illustration for explaining an example of a
prior antenna structure.

FIG. 115 is a graph showing an example of the return loss
characteristics of the antenna structure shown in FIG. 11a.
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FIG. 12 is a model diagram showing a structural example
when a main slit having a spiral shape (coiled shape) is
formed in a feeding radiation electrode.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Embodiments of the present invention will be described
with reference to the drawings.

FIG. 1a is a perspective view schematically showing an
antenna structure according to a first embodiment. In the
explanation of the first embodiment, the same parts as in the
antenna structure shown in FIG. 11 a are referred to with the
same reference numerals and the descriptions of those same
parts will not be repeated here.

The antenna structure 1 according to the first embodiment
includes the feeding radiation electrode 2 and the non-
feeding radiation electrode 3. For example, as shown by the
return loss characteristics represented by the solid line in
FIG. 1¢, the antenna structure 1 is capable of performing
radio communication in four resonant frequency bands, that
is, a fundamental resonant frequency band on a feeding side
based on the fundamental resonant frequency F1 and a
higher-order resonant frequency band on the feeding side
based on the higher-order resonant frequency F2 of the
feeding radiation electrode 2 and a fundamental resonant
frequency band on a non-feeding side based on the funda-
mental resonant frequency fl and a higher-order resonant
frequency band on the non-feeding side based on the higher-
order resonant frequency f2 of the non-feeding radiation
electrode 3.

In addition, as shown in FIG. 15, the feeding radiation
electrode 2 and the non-feeding radiation electrode 3 are
provided, for example, at an end on a shorter side of a circuit
substrate (rectangular substrate) 9 of a radio communication
apparatus such that the short-circuited portions Gq and Gm
are disposed adjacent to each other and such that the
short-circuited portions Gq and Gm are connected to the
shorter side of the substrate.

In the first embodiment, the substantially U-shaped main
slit 4 is formed in the feeding radiation electrode 2. Thus, the
feeding radiation electrode 2 is a folded-shaped radiation
electrode including the U-turn portion T. In addition to the
main slit 4, a sub-slit 10 is formed in the feeding radiation
electrode 2.

One side portion and the other side portion of the main slit
4 separated by the main slit 4 have the feeding end Q and the
open end K respectively. The sub-slit 10 is formed by cutting
the feeding radiation electrode 2 from an electrode edge of
the open end K. And the sub-slit 10 extends along an outline
side 2, of the feeding radiation electrode 2 in a direction
toward the U-turn portion T of the feeding radiation elec-
trode 2. Due to the sub-slit 10, an open stub 12 that provides
the U-turn portion T with electrostatic capacitance is
formed.

Due to the formation of the open stub 12, an equivalent
LC resonant circuit (tank circuit) is locally formed in the
U-turn portion T of the feeding radiation electrode 2 by
electrostatic capacitance (C) of the open stub 12 and an
inductance component (L) of the U-turn portion T.

FIG. 2 illustrates examples of current distribution and
voltage distribution of the fundamental resonant frequency
F1 (fundamental wave) and current distribution and voltage
distribution of the higher-order resonant frequency F2
(higher-order wave (third harmonic wave)) in the feeding
radiation electrode 2. As is clear from FIG. 2, the U-turn
portion T of the feeding radiation electrode 2 defines a
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higher-order-wave maximum current distribution region and
does not define a fundamental-wave maximum current dis-
tribution region. Thus, the LC resonant circuit formed by the
open stub 12 is greatly involved in the higher-order resonant
frequency F2 and has a small influence on the fundamental
resonant frequency F1. Thus, by changing the electrostatic
capacitance to be provided from the open stub 12 to the
U-turn portion T, variable control of the higher-order reso-
nant frequency F2 can be achieved while hardly changing
the fundamental resonant frequency F1 of the feeding radia-
tion electrode 2.

For example, when the electrostatic capacitance of the
open stub 12 is increased by increasing the slit length of the
sub-slit 10, the higher-order resonant frequency F2 on the
feeding side can be lowered to a higher-order resonant
frequency F2', as shown by the wave line cc in FIG. 1c.
Moreover, fluctuations in a resonant state of other resonant
frequency bands due to variable control of the higher-order
resonant frequency F2 (for example, a resonant frequency, a
Q-value, and the phase of a resonance), in an impedance
matching state, an electromagnetic coupling state between
the feeding radiation electrode 2 and the non-feeding radia-
tion electrode 3, can be suppressed.

An example shown by a model diagram of FIG. 3 in
which two slits 21a and 215 are formed in a radiation
electrode 20 is described in Patent Document 1. In FIG. 3,
reference numeral 22 denotes a grounding conductor plate
for connecting the radiation electrode 20 to the ground,
reference numeral 23 denotes a feeding pin for connecting
the radiation electrode 20 to a high-frequency circuit 24, and
reference numeral 25 denotes a grounding plate.

In Patent Document 1, the radiation electrode 20 is
divided into a plurality of sections by forming the slits 21a
and 215 in the radiation electrode 20, so that the radiation
electrode 20 performs a plurality of resonances. In other
words, the structure described in Patent Document 1 is
equivalent to a state in which a plurality of radiation
electrode parts 20A, 20B, and 20C is connected to the
common feeding pin 23 (and to the high-frequency circuit
24). That is, the slits 21a and 215 are provided for forming
the plurality of radiation electrode parts 20A, 20B, and 20C
and for causing the radiation electrode 20 to perform a
plurality of resonances.

In contrast, in the structure of the first embodiment, the
main slit 4 of the feeding radiation electrode 2 is provided
for controlling the fundamental resonant frequency F1 and
the higher-order resonant frequency F2 of the feeding radia-
tion electrode 2, and the sub-slit 10 is provided for forming
the open stub 12 that provides the U-turn portion T of the
feeding radiation electrode 2 with electrostatic capacitance.
As described above, the main slit 4 and the sub-slit 10 shown
in the first embodiment have functions different from the
slits 21a and 215 of the radiation electrode 20 described in
Patent Document 1. The structure of the first embodiment in
which the main slit 4 for controlling resonant frequencies
and the sub-slit 10 for forming an open stub are formed in
the feeding radiation electrode 2 is innovative.

In the example shown in FIG. 1a, the sub-slit 10 has a
linear shape. However, the shape of the sub-slit 10 is not
particularly limited as long as the sub-slit 10 is capable of
forming the open stub 12 that provides the U-turn portion T
of' the feeding radiation electrode 2 with electrostatic capaci-
tance. For example, in order to increase the slit length of the
sub-slit 10 to lower the higher-order resonant frequency F2
of the feeding radiation electrode 2, the sub-slit 10 may be
formed along the outline side 2, of the feeding radiation
electrode 2 by cutting the feeding radiation electrode 2 from
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an electrode edge of the open end K and then cutting toward
the U-turn portion T, as shown in FIG. 4a.

In addition, in order to increase the slit length of the
sub-slit 10 to be longer than the slit length in the example
shown in FIG. 1a or FIG. 4a, for example, the sub-slit 10
may have a shape shown in FIG. 4b. The sub-slit 10 shown
in FIG. 45 has an L shape and is formed by branching from
the main slit 4 on the electrode cut side of the main slit 4 and
extending along outline sides 2., and 2, of the feeding
radiation electrode 2.

A second embodiment is described next. In the explana-
tion of the second embodiment, the same parts as in the first
embodiment are referred to with the same reference numer-
als and the descriptions of those same parts will not be
repeated here.

In the second embodiment, as shown by a model diagram
of FIG. 5, the feeding radiation electrode 2 has a shape in
which the open stub 12 is bent toward the circuit substrate
9 in accordance with a virtual extension line [} of the sub-slit
10 shown by a dotted line in FIG. 5.

In the second embodiment, since the open stub 12 is a
portion that is not involved in radio wave radiation, the open
stub 12 can be bent without considering deterioration of a
radio wave radiation state. Due to bending of the open stub
12, the area of the circuit substrate 9 occupied by the antenna
structure 1 (the feeding radiation electrode 2) can be reduced
(that is, the antenna structure 1 can be miniaturized). The
other structural features are similar to those in the first
embodiment, and advantages similar to those of the first
embodiment can be achieved.

A third embodiment is described next. In the explanation
of the third embodiment, the same parts as in the first and
second embodiments are referred to with the same reference
numerals and the descriptions of those same parts will not be
repeated here.

In the third embodiment, as shown in FIG. 6, the distance
D between outline sides 2, and 3;, which face each other,
of the feeding radiation electrode 2 and the non-feeding
radiation electrode 3 that are adjacent to each other increases
in a direction from the short-circuited portions Gq and Gm
of the outline sides 2, and 3, toward an end E opposite to
the short-circuited portions Gq and Gm.

The other structural features are similar to those in the first
and second embodiments. In the example shown in FIG. 6,
an example when the structure of the third embodiment is
applied to the structure shown in the first embodiment is
illustrated. However, the structure of the third embodiment
may also be applied, for example, to the antenna structure 1
shown in the second embodiment in which the open stub 12
is bent.

Advantages similar to those in the first and second
embodiments can be achieved in the third embodiment. In
addition, the third embodiment achieves an advantage in that
an electromagnetic coupling state between the feeding radia-
tion electrode 2 and the non-feeding radiation electrode 3
can be controlled easily and in that an excellent complex
resonance of the feeding radiation electrode 2 and the
non-feeding radiation electrode 3 can be easily achieved.

A fourth embodiment is described next. In the explanation
of the fourth embodiment, the same parts as in the first to
third embodiments are referred to with the same reference
numerals and the descriptions of those same parts will not be
repeated here.

In the fourth embodiment, as shown in FIG. 7a, in
addition to the feeding radiation electrode 2 and the non-
feeding radiation electrode 3, a non-feeding radiation elec-
trode 14 is provided. The non-feeding radiation electrode 14
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is electromagnetically coupled to the feeding radiation elec-
trode 2 via the non-feeding radiation electrode 3. The
non-feeding radiation electrode 14 includes a short-circuited
portion Gn for grounding. The feeding radiation electrode 2,
the non-feeding radiation electrode 3, and the non-feeding
radiation electrode 14 are aligned in a line such that the
short-circuited portions Gq, Gm, and Gn are aligned with
respect to each other.

As shown by the return loss characteristics in FIG. 75, the
antenna structure 1 according to the fourth embodiment is
capable of including, in addition to four resonant frequency
bands based on the feeding radiation electrode 2 and the
non-feeding radiation electrode 3, another resonant fre-
quency band based on a resonant frequency fa of the
non-feeding radiation electrode 14.

Structural features of the fourth embodiment other than
the structural feature relating to the non-feeding radiation
electrode 14 are similar to those in the first to third embodi-
ments. In the example shown in FIG. 7a, the feeding
radiation electrode 2 and the non-feeding radiation electrode
3 have structures as in the first embodiment. However, the
feeding radiation electrode 2 and the non-feeding radiation
electrode 3 may have the structure as in the second or third
embodiment, for example.

A fifth embodiment is described next. In the fifth embodi-
ment, the same parts as in the first to fourth embodiments are
referred to with the same reference numerals and the
descriptions of those same parts will not be repeated here.

In the fifth embodiment, as shown in FIGS. 8a, 85, and 8¢,
the feeding radiation electrode 2 and the non-feeding radia-
tion electrode 3 described in the first, second, or third
embodiment and optionally the non-feeding radiation elec-
trode 14 described in the fourth embodiment are mounted on
a dielectric substrate 15 made of, for example, dielectric
ceramics or a compound dielectric material. The other
structural features are similar to those in the first to fourth
embodiments.

In the fifth embodiment, since the feeding radiation elec-
trode 2 and the non-feeding radiation electrodes 3 and
optionally 14 are mounted on the dielectric substrate 15, due
to an advantage in shortening of a wavelength by dielectric
medium, the electrical length of each of the feeding radiation
electrode 2, the non-feeding radiation electrode 3, and the
non-feeding radiation electrode 14 can be increased. Thus,
the radiation electrodes 2, 3, and 14 can be miniaturized. In
other words, miniaturization of the antenna structure 1 can
be easily achieved.

A sixth embodiment is described next. The sixth embodi-
ment relates to a communication apparatus. The communi-
cation apparatus according to the sixth embodiment includes
the antenna structure 1 described in the first, second, third,
fourth, or fifth embodiment. Since the antenna structure 1
has been described above, the description of the antenna
structure 1 will be omitted. In addition, apart from the
antenna structure 1, various structures may be adopted for
the communication apparatus. Any structure can be adopted,
such as the high frequency circuit 8, and the description of
the structure of the communication apparatus is omitted
here.

The present invention is not limited to each of the first to
sixth embodiments, and various modifications can be made
to the present invention. For example, in the fifth embodi-
ment, the feeding radiation electrode 2 and the non-feeding
radiation electrodes 3 and 14 are formed by conductor
plates, as in each of the first to fourth embodiments. How-
ever, the feeding radiation electrode 2 and the non-feeding
radiation electrodes 3 and 14 may be formed by conductor
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films produced on an outer surface of the dielectric substrate
15 by a film deposition technology, such as sputtering, vapor
deposition, or printing.

In addition, for the return loss characteristics shown in
FIG. 1c¢ or FIG. 7b, an example in which a fundamental
resonant frequency band of the feeding radiation electrode 2
and a fundamental resonance frequency band of the non-
feeding radiation electrode 3 produce a complex resonance
and the width of the fundamental resonant frequency bands
is increased is described. However, for example, when each
of the fundamental resonant frequency bands of the feeding
radiation electrode 2 and the non-feeding radiation electrode
3 has a bandwidth in which radio communication can be
performed satisfactorily only in the individual fundamental
resonant frequency band, the fundamental resonance fre-
quency band of the feeding radiation electrode 2 and the
fundamental resonant frequency band of the non-feeding
radiation electrode 3 may be independent of each other, for
example, as shown by the return loss characteristics in FIG.
9, instead of producing a complex resonance by the funda-
mental resonant frequency band of the feeding radiation
electrode 2 and the fundamental resonant frequency band of
the non-feeding radiation electrode 3.

In addition, in the fourth embodiment, the non-feeding
radiation electrode 14 is provided, in addition to the feeding
radiation electrode 2 and the non-feeding radiation electrode
3. However, in addition to the feeding radiation electrode 2
and the non-feeding radiation electrode 3, two or more
non-feeding radiation electrodes may be provided. Alterna-
tively, in addition to the feeding radiation electrode 2 and the
non-feeding radiation electrode 3, one or more feeding
radiation electrodes may be provided, instead of providing
another non-feeding radiation electrode. Alternatively, a
plurality of feeding radiation electrodes and a plurality of
non-feeding radiation electrodes including the feeding radia-
tion electrode 2 and the non-feeding radiation electrode 3
described in any of the first to fifth embodiments may be
provided. When three or more radiation electrodes are
provided as described above, such radiation electrodes are
aligned in a line such that short-circuited portions are
aligned on the same side.

In addition, the open stub 12 is provided by forming the
sub-slit 10 in the feeding radiation electrode 2 in each of the
first to sixth embodiments. However, for example, as shown
by a model diagram in FIG. 10, in addition to the feeding
radiation electrode 2, the non-feeding radiation electrode 3
is provided with an open stub 16 that provides the U-turn
portion of the non-feeding radiation electrode 3 with elec-
trostatic capacitance by forming a sub-slit 17, which is
similar to the sub-slit 10 of the feeding radiation electrode 2
described in each of the first to fifth embodiments, for
forming the open stub.

In this case, variable control of the higher-order resonant
frequency {2 of the non-feeding radiation electrode 3, as
well as the higher-order resonant frequency F2 of the
feeding radiation electrode 2, can be performed easily.
Although a structural example in which the sub-slit 17 for
forming an open stub is formed in the non-feeding radiation
electrode 3 of the antenna structure 1 described in the first
embodiment is shown in FIG. 10, in addition, the sub-slit 17
for forming an open stub may be formed in the non-feeding
radiation electrode 3 of the antenna structure 1 according to
each of the second to fifth embodiments. In addition, the
non-feeding radiation electrode 3 may include the open stub
16 that is bent in accordance with a virtual extension line of
the sub-slit 17 serving as a bending line.
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Since a structure easily achieving excellent radio com-
munication in a plurality of required frequency bands is
provided, the present invention is effective for, for example,
an antenna structure and a communication apparatus used
for a plurality of radio communication systems in common.

Although the present invention has been described in
relation to particular embodiments thereof, many other
variations and modifications and other uses will become
apparent to those skilled in the art. Therefore, the present
invention is not limited by the specific disclosure herein.

What is claimed is:

1. An antenna structure that comprises

a feeding radiation electrode including one end serving as

a feeding end and the other end serving as an open end
and performing an antenna operation in a plurality of
resonant frequency bands and

a non-feeding radiation electrode electromagnetically

coupled to the feeding radiation electrode and perform-
ing an antenna operation in a plurality of resonant
frequency bands and

said antenna structure being capable of performing radio

communication in at least four resonant frequency
bands, the lowest fundamental resonant frequency band
and a higher-order resonant frequency band higher than
the lowest fundamental resonant frequency band
among the plurality of resonant frequency bands of the
feeding radiation electrode, and the lowest fundamental
resonant frequency band and a higher-order resonant
frequency band higher than the lowest fundamental
resonant frequency band among the plurality of reso-
nant frequency bands of the non-feeding radiation
electrode,

wherein a main slit is formed in the feeding radiation

electrode by a cut in the feeding radiation electrode
from an electrode edge of the feeding radiation elec-
trode,
wherein one of two sides of the main slit located at an
edge of the feeding radiation electrode that are sepa-
rated by the main slit serves as the feeding end and

the other side of the two sides of the main slit located at
the edge of the feeding radiation electrode that are
separated by the main slit serves as the open end,

wherein the feeding radiation electrode has a folded shape
and includes a U-turn portion in the middle of a path
circumventing the main slit from the feeding end
toward the open end, and

wherein a sub-slit for forming an open stub that is

connected to the U-turn portion and that provides the
U-turn portion with electrostatic capacitance is formed,
independent of the main slit, in the feeding radiation
electrode.

2. The antenna structure according to claim 1, wherein the
main slit has a bent shape including a U-shaped portion.

3. The antenna structure according to claim 1, wherein the
feeding radiation electrode is bent in accordance with a
virtual extension line of the sub-slit serving as a bending
line.

4. The antenna structure according to claim 1, wherein the
feeding radiation electrode and the non-feeding radiation
electrode are mounted on a dielectric substrate.

5. The antenna structure according to claim 1, wherein an
edge of the feeding end of the feeding radiation electrode,
and an edge of the non-feeding radiation electrode that is
adjacent to the edge of the feeding end of the feeding
radiation electrode with a gap therebetween, serve as short-
circuited portions for grounding, and
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wherein the distance between outline sides, which face
each other, of the feeding radiation electrode and the
non-feeding radiation electrode that are adjacent to
each other increases in a direction from an end of the
outline sides at the short-circuited portion toward an
end of the outline sides opposite to the end at the
short-circuited portion.

6. The antenna structure according to claim 5, wherein at
least one of the feeding radiation electrode and the non-
feeding radiation electrode is one of a plurality of radiation
electrodes, and wherein the feeding radiation electrode and
the non-feeding radiation electrode are aligned in a line such
that the short-circuit portions are aligned on the same side.

7. The antenna structure according to claim 1, wherein an
edge of the feeding end of the feeding radiation electrode,
and an edge of the non-feeding radiation electrode that is
adjacent to the edge of the feeding end of the feeding

14

radiation electrode with a gap therebetween, serve as short-
circuited portions for grounding, and

wherein each of the feeding radiation electrode and the

non-feeding radiation electrode is provided at a shorter
side of a rectangular substrate such that the short-
circuited portion is connected to the shorter side of the
substrate.

8. The antenna structure according to claim 7, wherein at
least one of the feeding radiation electrode and the non-
feeding radiation electrode is one of a plurality of radiation
electrodes, and wherein the feeding radiation electrode and
the non-feeding radiation electrode are aligned in a line such
that the short-circuit portions are aligned on the same side.

9. A communication apparatus comprising the antenna
structure as set forth in claim 1, and a high-frequency circuit
connected thereto.






