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BROADBAND OR MULTI-BAND FLANAR ANTENNA

CROSS-REFERENCE TO RELATED APPLICATION
This application <¢laims the ©benefit of U.S.
Provisional Patent Application no. 60/153,179, filed
September 10, 1999, which is incorporated herein by

reference,

FIELD OF THE INVENTION
The present invention relates generally to antennas,
and specifically to compact, internal antennas for use in

mobile communication devices.

BACKGROUND OF THE INVENTION

Most meobile communication devices have external
antennas, which are prone to breakage and are freaquently
a nulsance to users. As a result, there have been many
atlempts to develop antenna structures that can be
incorpeocrated inside the case of a device. For oxample,
magnetic loop and helical antennas have been used inside
paging devices and cordless talephones. Internal
antennas of these types, however, cannot satisfy the
performance requirements and size constraints of cellular
telephones. Planar antennas, particularly of the
“inverted-F” type, have been wused in some cellular
telephones, but only as an adjunct to a conventional
external antenna.

Fig. 1 1is a schematic, isometric drawing oI an
inverted-F antenna 20, as is known in the art. The
antenna comprises a planar conductive element 22, which
is cocupled to a parallel ground ©plane 24 by a
short-circuit plate 26. A transmission line 28 is fed
through the ground plane to rececive signals from the
planar element. The dimensions of element 22, marked L1
and L2, must be one quarter wave at the design wavelength

of the antenna. The small dimensions of element 22
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relative to the design wavelength give the inverted-F
antenna an inherently narrow bandwidth. The bandwidth of
the antenna increases with the height H of element 22
above ground plane 24,

In order to fit antenna 20 inside a cellular
telephone, operating in a range between 800 and 1000 MHz,
it is necessary to use dielectric loading between clement
22 and ground plane 24 so as to reduce the quarter wave
dimensions. Dielectric loading, however, reduces the
bandwidth of the antenna structure still further. The
size constraints of the telephone case also limit the
available height H., For use inside a cellular telephone,
the dimensions of antenna 20 must be on the order of 35 x
25 X 7 mm, and the antenna must operate in a range
between 800 and 1000 MHz, with a bandwidth of at least
80-100 MHz, These size and performance specifications
cannot he achieved using the conventional design of Fig.
1.

SUMMARY OF THE INVENTION

It is an object of some aspects of the present
invention to provide a broadband planar antenna.

It is an object of other aspects of the present
invention to provide a multi-band planar antenna.

It is a further object of some aspects of the
bresent invention to provide an improved planar antenna
suitable for use inside a mobile communication device.

In preferred embodiments of the present invention, a
slot is formed in the receiving plate of an inverted F
antenna, thus dividing the plate into two or nmore
electrical elements. Each of the elements defines a
Sseparate electrical path in the antenna, with its own
resonant frequency. Preferably the resonant frequencies
are closely spaced, so that the response curves of the
elements overlap in order to provide a broad response
band. Alternatively, the resonant frequencies are spaced

2
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far apart, in order to provide multi~band response. The
geometrical characteristics of slot and the two elements
are designed to provide frequency and bandwidth
characteristics that meot the requirements of cellular or
other mobile communication systems, without exceeding
5ize constraints of mobile communication devices,

There is therefore provided, in accordance with a
preferred embodiment of the present invention, a planar
antenna, including first and second conductive plates,
which are disposed approximately parallel to one another
and are electrically coupled one to the other, the first
plate including first and second electrical elements
Separated by a slct therebetween, the slot having first
and second linear portions, such that the first linear
portion is disposed between the first and second
electrical elements, and the second linear portion is
substantially perpendicular to and intersects with the
first linear portion.

Preferably, the antenna includes a conductive strap
that electrically couples the first vlate to the second
plate, wherein the slot and strap are placed so as to
define first and second electrical paths in the antenna,
from the first and second glectrical elements,
respectively, to the strap.

Further preferably, the first and second electrical
elements have respective, different first and second
resonant frequencies, Most preferably, the first and
second electric elements have respective first and second
resonance bands around the respective resonant
frequencies, and wherein the first and second resonant
frequencies are mutually spaced so as to create a partial
overlap between the first and second resonance bands,
whereby the antenna functions 8s a Dbroadband antenna.
Alternatively, the first and second electric elements

have respective first and second resonance bands around
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the respective resonant frequencies, and wherein the
first and second resonant frequencies are mutually spaced
so that the first and second resonance bands are
substantially non-overlapping, whereby the antenna
functions as a multi-band antenna.

In a preferred embodiment, the antenna includes a
capacitive element, which Capacitively couples the first
electrical element to the second electrical element.

In another preferred embodiment, one or more
additional slots are formed in the first plate, in
addition to the slot separating the first and second
electrical elements.

There is also provided, in accordance with a
preferred embodiment of the bresent invention, a method
of forming a planar antenna, including:

providing a first conductive plate with a slot
therein that separates the first plate into first and
second clectrical elements, the slot having first and
second linear portions, such that the first linear
portion is disposed between the first and second
electrical elements, and the Second linear portion is
substantially perpendicular to and intersects with the
first linear portion; and

positioning the first conductive plate approximately
parallel to a second conductive plzte so as to generate a
resonant response to electromagnetic radiation at one or
more desired frequencies.

The present invention will be more fully understood
from the following detailed description of the preferred
embodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic, isometric drawing of a planar

antenna, as is known in the art;
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Fig., 2 is a schematic, isometric drawing of a
broadband planar antenna, in accordance wWith a preferred
embodiment of the present invention;

Fig. 3 is a plot showing a frequency response curve
of the antenna of Fig. 2;

Fig. 4 is a schematic top view of the antenna of
Fig., 2 with the addition of a dielectric coupling
element, in accordance with a preferred embodiment of the
present invention:

Fig. 5 is a schematic top view of a broadband planar
antenna, in accerdance with another preferred embodiment
of the present invention; and

Fig. 6 is a schematic tep view of a dual-band planar
antenna, in accordance with a preferred embodiment of the
present invention,

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 2 1is a schematic, isometric drawing of a
broadband planar antenna 30, in accordance with a
preferred embodiment of the present invention. Antenna
30 comprises a top (receiving) plate 32 and an
approximately parallel bottom (ground) plate 40,
separated by a non-conductive medium. The twe plates are
connected together at a single point by a conductive
strap 42, The transmission 1line feed-through to plate
32, as shown in Fig, 1, 1s omitted from this and
subsequent figures for the sake of simplicity.
Preferably, in order to reduce the resonant frequency of
the antenna relative to its dimensions, the medium
between the plates comprises a dielectric material, such
as Delrin (not shown in the figures),

The bandwidth of antenna 30 1s increased, relative
to the conventional design of Fig. 1, by introducing a
T-shaped slot 38 in plate 32, so as to create a multiple
resonance condition. Slot 38 divides plate 32 into two
clectrical elements 34 and 35, having different
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electrical path lengths to strap 42, Each of elements 34
and 36 therefore has its own, different resonant
frequency. Preferably, slot 38 is designed so that the
two resonant frequencies are closely spaced, with the
resonant bands overlapping in order to Create a broad
resonant response. The center placement of strap 42,
which is the basic radiating element, ensures that the
resonant lengths are closely spaced. In addition, the
lengths of elements 34 and 36 can be trimmed to further
ald in achieving the desired frequencies and overlap
condition. Slot 38 also serves to lower the resonant
frequency of the antenna.

Fig. 3 is a plot that schematically illustrates the
frequency response of antenna 30. This plot was
generated using plates 32 and 40 with dimensions 35 x 25
mm, with an overall height between the plates of 5 mm.
As shown in the figure, the antenna has a center
frequency of 965.6 MHz and a bandwidth (at =10 dB) of
90.2 MHz. The dual, overlapping response curves of
elements 34 and 36 can be seen in the “W” shape of the
plot in Fig. 3. Similar results were obtained at other
frequencies in the 800~1000 MHz range by varying the
dimensions and spacing of plates 32 and 40, These
dimensions and specific frequency data are given here by
way of example, and the principles of the present
invention may be applied to produce antennas of other
dimensions, for use in other frequency ranges.

The width of slot 38 serves as a coupling mechanism
between the twe resonant structures of elements 34 and
36. This coupling controls the depth of resonance of the
response curves, as well as the spacing between the
resonant points. The width of the slot controls the
amount of coupling, and therefore care must be exercised
in establishing the slot width. An  under-coupled
condition will cause the two resonant points to be widely

6



10

15

20

30

35

PCT/IL00/00551

WO 01/20714

Spaced in frequency, whereas over-coupling will cause the
dual-resonant shape of the Tesponse to be lost entirely.
Fig. 4 is g2 schematic top view of antenna 30,
wWherein a capacitive coupling element 44 is placed across
slot 38, in accordance with @ preferred embodiment of the
present invention. Only top plate 32 is seen in this
view, In cxperimenta) use, coupling element 44 was made
from a single-sided printed circuit board pPositioned over
slot 38, with no electrical contact between the coupling
element and the antenna. The amount cf coupling is
controlled by the size of the element ang its position

along the slot. Preferably, in actual production,
coupling element 44 1s contained within a layer of
Plastic either above Oor below the slot, Alternatively,

electrical elements 34 and 36 are coupled by a discrete
Capacitor instead of element 44,

Fig. 5 is a schematic top view of another broadband,
Planar antenna 30, in accordance Wwith a preferred
embodiment of the Present invention, As in antenna 30,
an  upper plate 52 of antenna 50 is divided into
electrical elements 56 and 58 by a “T” silot 60. (Here,
too, the lower Plate is not shown.) Two additional slots
62 and 64 are added to further lower the frequency of the
antenna by increasing the path lengths through elements
56 and 58 to strap 42. Thus, the overall size of the
antenna, relative to the design frequency, is reduced.

Alternatively, cther geometriag may be wused to
achieve an overlapping double resonance, in addition to
the embodiments of Figs. 2, 4 and 5. For example, the
top and bottom plates need not be Square or rectangular
as shown in the figures. In addition, the ground plane
(bottom plate 40) does not have to be the same size as
the top plate, The top plate may also be folded to
increase electrical length without sacrificing broadband
Performance. Other geometrical shapes and configurations

5
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of the antenna plates and of the slot or slots formed in
the top plate will be apparent to those skilled in the
art and are considered to be within the scope of the
present invention.- It will be appreciated that the terms
“top” and “bottom” are used herein for convenience in
identifying the antenna plates, which may in actual
practice be placed in substantially any orientation,

Although the antennas described above are
single~band structures, in alternative embodiments of the
present invention, slo*tted, planar antennas are designed
for multi-band operation. For example, the structure of
antenna 30 (Fig. 2) may be modified so that the resonant
frequencies of conducting elements 34 and 36 are widely
spaced and substantially decoupled.

Fig. 6 1s a schematic top view ¢f a dual-band
antenna 70, in accordance with a preferred ecmbodiment of
the present invention. 1In place cf the “T” slot of the
preceding embediments, a cross-slot 78 is formed in a top
vlate 72 of the antenna. (The bottom plate is not
shown.) The cross-slot presents more than two electrical
paths to strap 42, so that muitiple resonances are
Created. This design was found to give dual-band
performance while maintaining a broad bandwidth at the
lower frequency. Such a design can be used to produce a
single structure that covers two or more non-harmonic
related frequency bands, such as the GSM (950 MHz) and
DCs (1.8 GHz) bands.

In an alternative embodiment of the present
invention, not shown in the figures, two independent
planar antennas, having different frequency bands, are
mounted on the same dielectric Spacer. The antennas are
preferably of the slotted-T type shown in Fig, 2, so that
each antenna has a broadband respense at its respective
frequency. It has been found that the coupling between
the antennas is 1low, Two feeds are required in this
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configuration, as opposed to the single feed used in the
cross-slet design, but bandwidths in excess of 100 MHz at
900 MHz and 300 MHz at 1700 MHz have been observed,
Although preferred embodiments are described herein
with specific reference to cellular telephones and
cellular communication bands, the principles of the
present invention are also applicable to antennas for use
in other areas of wireless communications. It will thus
be appreciated that the preferred embodiments described
above are cited by way of example, and that the present
invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of
the present invention includes both combinations and
subcombinations of the various features described
hereinabove, as well as variations and modifications
thereof which would occur to persons skilled in the art
upon reading the foregoing description and which are not

disclosed in the prior art.

PCT/IL00/00551
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CLAIMS

1. A  planar antenna, comprising first and sccond
conductive plates, which are disposed approximately
parallel to onec another and are electrically coupled one
to the other, the first plate comprising first and second
electrical elements separated by & slot therebetween, the
slot having first and second linear portions, such that
the first linear portion is disposed between the first
and second electrical elements, and the second linear
portion is substantially perpendicular to and intersects
with the first linear portion.

2. An antenna according to clain 1, and comprising a
conductive strap that electrically couples the first
plate to the second plate.

3. An antenna according to claim 2, wherein the slot
and strap are placed so as to define first and second
electrical paths in the antenna, from the first and
second electrical elements, respectively, to the strap.

1, An antenna according to claim 1, wherein the first
and second eleclkrical elements have respective, different

first and second resonant frequencies,

3. An antenna according to claim 4, wherein the first
and second electric elements have respective first and
second resonance bands around the respective resonant
frequencies, and wherein the first and second resonant
frequencies are mutually spaced so as to create a partial
overlap between the first and second resonance bands,
whereby the antenna functions as a broadband antenna.

6. An antenna according to claim 4, wherein the first
and second electric elcments have respective first and
second resonance bands around the respective resonant
frequencies, and wherein the firsc and second resonant
frequencies are mnutually spaced so that the first and

10
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second resonance bands are Substantially non-overlapping,
whereby the antenna functions as a multi-band antenna.

7. An antenna according to claim 1, and comprising a
capacitive element, which capacitively couples the first

electrical element to the second electrical element.

B, An antenna according to claim 1, wherein one or more
additional slots are formed in the first plate, in
addition to the slot separating the first and second
electrical elements.

a, A method of forming a planar antenna, comprising:

providing a first conductive plate with a slot
therein that separates the first plate into first and
second electrical elements, the slot having first and
second linear porticns, such that the first linear
portion 1is disposed between the first and second
electrical elements, and the second linear portion is
substantially perpendicular to and intersects with the
first linear portion; and

positicning the first conductive plate approximately
parallel to a second conductive plate so as to generate a
rFesonant response to electromagnetic radiation at one or

more desired frequencies.

10, A method according to claim 3, wherein positioning
the first conductive plate comprises electrically
coupling the first plate to the second plate at a
selected location on the first plate.

11. A method according to claim 10, wherein providing
the first conductive plate comprises disposing the slot
therein so as to define first and second eclectrical paths
in the antenna, from the first and second electrical

elements, rcspectively, to the selected location.

12, N method according to claim 8, wherein providing the
first conductive plate comprises providing the first and

11
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sccond electrical elements with respective, different
first and second resonant frequencies.

13. A method according to claim 12, wherein the first
and second electric elements have respective first and
second resonance bands around the respective resonant
fregquencies, and wherein the first and second resonant
frequencies are mutually spaced so as to create a partial
overlap between the first and Second resonance bands,

whereby the antenna functions as a broadband antenna.

14. A method according to claim 12, wherein the first
and second electric elements have respective first and
second resonance bands around the respective resonant
frequencies, and wherein the first and second resonant
frequencies are mutually spaced so that the first and
second resonance bands are substantially non-overlapping,
whereby the antenna functions as a multi-band antenna.

15. A method according to «c¢laim 9, and comprising
Capacitively coupling the first electrical element to the
second eclectrical element.

12
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