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DUAL-BAND MICROSTRIP ANTENNA

The invention relates to a dual-band antenna, and
provides a dual-band microstrip antenna that has ground
and patch elements configured such that the contour of the
surface areas of the elements substantially corresponds to
the pattern of induction currents created in the elements
by signals in the dual bands.

One important use of dual-band microstrip antennas is
in mobile communication systems. A common configuration
for an antenna in such use is the inverted-F geometry
which is described in two articles by Zi Dong Liu and
Peter S. Hall. The first article is "Dual-band antenna
for hand held portable telephones", Electronics Letters,
Vol. 32, No. 7, pp. 609-610 (March 1996), and the second
(and more comprehensive) is "Dual-Frequency Planar
Inverted-F Antenna", IEEE Transactions on Antennas and
Propagation, Vol. 45, pp. 1451-1457 (October 1997).

Liu and Hall describe two dual-frequency-band antenna
configurations, one with a single input port and the other
with two input ports. The two-port antenna consists of
two co-planar radiating elements -- the first one being
rectangular and the second one being L-shaped and having
two sides adjacent the first one. The rectangular element
is for 1.8 GHz signals, while the L-shaped element is for
0.9 GHz signals. This configuration of dual-band antenna
is about the same size as a single-band inverted-F antenna
for 0.9 GHz signals. Both the rectangular element and the
L-shaped element have one end shorted to the ground plane.
Because the two radiating elements are not connected, the
coupling between the two antennas is small and only due to
fringe-field interaction. A variation has a single input
port connected to an intermediate point of connection
between the rectangular element and the L-shaped element.
Although it has the advantage of using only a single input
port, this arrangement has the drawback that the coupling
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between the rectangular element and the L-shaped element
is increased.

As with the variation of the dual-frequency-band
antenna of Lui and Hall, the antenna of the subject
invention utilizes multiple radiating elements with a
single input port; unlike the antenna of Lui and Hall,
however, the multiple radiating elements of the subject
antenna are not connected. The antenna of the subject
invention has the advantages over that of Lui and Hall of
having only two shorting points and a much-increased
bandwith. 1In addition, portions of the radiating and
ground elements that carry little or no surface current
are removed, resulting in weight reduction and a degree of
transparency. A further advantage is that the dual-band
antenna of the invention is capable of being mass-produced
at low cost using flexible printed circuit board.

In one form, the invention is a dual-band microstrip
that includes a ground member and patch means having
discrete first and second portions and which is in a
generally parallel spaced relationship with the ground
member. First and second resonant frequency ranges being
defined by the electromagnetic interaction between the
patch means and the ground member. Conduction surfaces of
the portions of the patch means are shaped so as to
substantially correspond to current paths that signals
within the first and second resonant frequency ranges
would induce in the conduction surfaces without such
shaping. Conduction surfaces of the ground member may be
shaped in a similar manner.

Tn the antenna, sides and one end of the patch means
may be in respective alignment with sides and one end of
the ground member. The first portion of the patch means
may be a first patch, and the second portion of the patch
means may be a pair of second patches each having a side
adjacent a respective opposite side of the first patch.

One end of each first and second patch corresponds to the
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one end of the patch means. An antenna signal feedline 1is
connected to a generally central position on the first
patch, and a shorting member extends from each second
patch to the ground member at a point proximate the one
end of the second patch and the ground member.

Each second patch may have a length approximating the
length of the first patch, and a width approximating one-
half the width of the first patch. The first patch may be
generally configured as an 'H’, with the sides of the
first patch corresponding to side members of the 'H’.

In a first construction, the conducting surfaces of
the ground member may be configured as a hollow generally
rectangular structure, with a cross-piece extending
between the sides of the structure at a projection of the
position at which the antenna signal feedline connects to
the first patch. In a second construction, the conducting
surfaces of the ground member may be defined by two side
members and an other end member and with a cross-piece
extending between the two side members at a projection of
the position at which the antenna signal feedline connects
to the first patch. In the second construction,
extensions of the side members of the first patch extend
from the one end of the patch means to the plane of the
ground member and then in the plane of the ground member
for a part of the distance toward the cross-piece.

A coaxial cable may be attached to the antenna such
that a ground portion of the cable is connected to the
cross-piece of the ground member, and such that a signal
feed portion of the cable defines the antenna signal
feedline attached to the first patch.

The antenna may be formed from printed circuit board
having a conductive layer on one side. The conducting
surfaces of the ground member are formed by removing
portions of a conductive layer on the one side of a first
segment of the circuit board. The conducting surfaces of

the patch means are formed by removing portions of the
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conductive layer on the one side of a second segment of
the board. The first and second segments of the circuit
board are then mounted in parallel spaced relationship.

In the first construction, shorting members are applied
between the ground member and the second patches proximate
the one end of the ground member and the second patches,
whereas in the second construction, shorting members are
applied between the one end of the ground member and the
one end of the first and second patches.

In another form, the invention is a dual -band micro-
strip antenna that includes a ground member and first and
second portions of a patch means. The patch means is in a
generally parallel spaced relationship with the ground
member. First and second resonant frequency ranges are
defined by the electromagnetic interaction between the
patch means and the ground member. Sides and one end of
the patch means are in respective alignment with sides and
one end of the ground member. The first portion of the
patch means is a first patch, and the second portion of
the patch means is a pair of second patches each posi-
tioned adjacent a respective opposite side of the first
patch. One end of each first and second patch corresponds
to one end of the patch means. An antenna signal feedline
is connected to a generally central position on the first
patch, and a shorting member extends from each second
patch to the ground member at a point proximate the one
end of the second patch and the ground member.

The invention will next be more fully described by
way of example only, by means of preferred embodiments,
utilizing the accompanying drawings, in which:

Figure 1 is a perspective view of a typical prior art
inverted-F antenna adapted to operate over a single
frequency band;

Figure 2 is a perspective view of an embodiment of
the dual-band microstrip antenna of the invention;

Figure 3 is an illustration of the surface currents
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on the antenna of Figure 2 at a radiating frequency of 925
Megahertz;

Figure 4 is an illustration of the surface currents
on the antenna of Figure 2 at a radiating frequency of
1800 Megahertz;

Figure 5 is a perspective view of another embodiment
of the microstrip antenna of the invention, the antenna
being similar to Figure 2 but having excess metal removed
from the ground plate and the patch plates;

Figure 6 is a further embodiment of the microstrip
antenna of the invention, the antenna being a slightly-
modified version of the antenna of Figure 5;

Figure 7 is a top view of a ground plate of the
further embodiment of the antenna of the invention;

Figure 8 is a top view of the patches of the further
embodiment of the antenna of the invention;

Figure 9 is a side or cross view of the further
embodiment of the microstrip antenna of the invention;

Figure 10 is a graph illustrating the return loss for
the antennas shown in Figures 2 and 5;

Figure 11 is an illustration of the radiation
patterns obtained in the YZ plane (based on the axes
orientation shown in Figure 2) for the antenna of the
embodiment shown in Figures 6 to 9, measured at 925 MHz
and 1800 MHz;

Figure 12 is an illustration of the radiation
patterns obtained in the XZ plane (based on the direction
of axes shown in Figure 2) for the antenna of the
embodiment shown in Figures 6 to 9, measured at 925 MHz
and 1800 MHz; and,

Figure 13 is an illustration of a further embodiment
of the dual-band antenna of the invention, that antenna
having a wrap-around first patch.

Referring first to Figure 1, the typical prior art
inverted-F antenna operating on a single frequency band

has a ground plate 20 of length L that is connected to a
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patch plate 22 of length P through a shorting plate 24 of
height H; the three plates 20, 22 and 24 all have a width
W. A feed pin 26, which is an extension of the centre
wire of a coaxial cable (not shown) that has its ground
wire connected to ground plate 20, connects to a central
position on the patch plate 22. The length P of patch
plate 22 approximates one-quarter wavelength at the mid-
range of the freguency band of the antenna. The metallic
surface of ground plate 20 may be provided by the metallic
side of a portable telephone or other device on which the
antenna is used.

Prior to removal of metal from the ground plate and
the radiating patches, an embodiment of the dual-band
microstrip antenna has, as shown in Figure 2, a ground
plate 30, a central patch plate 32, a pair of side patch
plates 34, and a pair of shorting strips 36 each of which
connects a respective side patch plate 34 to the ground
plate 30. A feed pin 38, which as with feed pin 26 in
Figure 1 is an extension of the centre wire of a coaxial
cable (not shown), connects to a central position on the
central patch plate 32; a ground wire of the coaxial cable
is connected to the ground plate 30. The connection point
of feed pin 38 and the lengths of patch plates 32 and 34
are experimentally adjusted until the desired antenna
bandwidths and a 50-ohm impedance match with the coaxial
cable are obtained. As shown, the side patch plates 34
are each narrower and slightly shorter than the central
patch plate 32. Figure 2 illustrates the orientation of
the antenna with respect to a X-Y-Z co-ordinate system
that has application to the radiation patterns shown in
Figures 11 and 12.

When the surface currents on conductive material of
the antenna of Figure 2 were measured in the frequency
ranges of 925 MHz (Figure 3) and 1800 MHz (Figure 4), it
was found that little or no surface current was present on

large areas of the conductive material at either frequency
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range. Those areas of the conductive material therefore
contribute to the weight but not to the performance of the
antenna, and may be removed. Removal of that material has
also been found to improve the bandwidth.

Figure 5 illustrates the antenna of Figure 2 after
removal of the conductive material that was found to carry
little or no surface current in the two frequency bands of
interest. A central portion of ground plate 30 has been
removed except for a cross-piece 40 to which a signal
carrier, such as a coaxial cable, is connected. Two
central sections of the central patch plate 32 have also
been removed -- giving the central patch plate 32 an "H’
configuration.

The embodiment of the antenna in Figure 6 differs
from the one shown in Figure 5 in the type and placement
of the shorting means; except for the shorting means, the
numbering of parts in both is the same. The shorting
means differs between the embodiments of Figures 5 and 6
in that each shorting pin 42 in the Figure 6 embodiment is
not connected between the end of the ground plate 30 and
the end of a respective side patch plate 34, but instead
is connected at positions removed from the ends. Each
shorting pin 42 extends (as shown in Figures 7 and 8)
between a hole 44 on ground plate 30 and a hole 46 on a
respective side patch plate 34. The signal feed pin 38
extends through the large hole 48 in cross-piece 40. A
top view of the ground conducting plate is shown in Figure
7, and a top view of the patch plates is shown in Figure
8. A side or cross view of the antenna of Figure 6 is
shown in Figure 9, in which a connector 50 for connecting
a coaxial cable or other signal carrier to the ground
plate 30 is shown.

The numbers adjacent the arrows in Figures 7 to 9
represent in millimetres the dimensions of the ground
plate 30 and the patch plates 32, 34 in the antenna of

this preferred embodiment -- as well as their relative
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spacing. The ground plate is 13.5 cm. long and 20 cm.
wide, the central patch plate 32 is 86.75 mm. long and 8
mm. wide, and the side patch plates 34 are each 82 mm.
long and 3 mm. wide. The width of the spacing between the
central patch plate 32 and each side patch plate 34 is 2
mm. Each of the holes 44 and 46, to which the shorting
pins 42 connect, is 12 mm. from the end of the respective
ground plate 30 and side patch plate 34.

Figure 10 illustrates the difference in return loss
between the antennas of Figures 2 and 5. At the two
resonant frequencies, the return loss can be seen to be
greater in the antenna with metal removed (solid line)
than in the antenna without metal removed (dotted line).
Measured radiation patterns in the YZ and XZ planes (with
reference to the co-ordinate system in Figure 2) for the
antenna emboidment of Figures 6 to 9 are shown in Figures
11 and 12, respectively.

Figure 13 illustrates a further preferred embodiment
of the antenna of the invention. It differs from the
embodiment shown in Figures 6 to 9 in that the central
patch plate 32 has a wrap-around configuration in which
one end of a hollow ground plate 30 has been removed, and
the sides of the central patch plate 32 have been extended
across to the plane of the ground plate 30 and then a part
of the distance toward the cross-piece 40 in that plane.

While the present invention has been described in its
preferred embodiments, it is to be understood that the
words which have been used are words of description rather
than limitation, and that changes may be made to the
invention without departing from its scope as defined by
the appended claims.

Each feature disclosed in this specification (which
term includes the claims) and/or shown in the drawings may
be incorporated into the invention independently of other
disclosed and/or illustrated features.

The text of the abstract filed herewith is repeated
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here as part of the specification.

A dual-band microstrip antenna has a ground plate and
also has a central patch positioned between a pair of side
patches. The antenna has a single signal feedline,
connected to the central patch, and the side patches are
shorted to the ground element. Conductive surfaces of the
ground plate and patches that carry surface current from
signal radiation are contoured such that only portions of
conductive surfaces that carry more than a negligible
amount of the surface current are retained. The antenna
has a reduced weight and improved bandwidth over
conventional antennas that operate in the 925 MHz and 1800

MHz ranges.
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CLAIMS:

1. A dual-band microstrip antenna comprising:

a ground member; and,

patch means having discrete first and second portions
and which is in a generally parallel spaced relationship
with the ground member, first and second resonant
frequency ranges being defined by the electromagnetic
interaction between the patch means and the ground member;
wherein conduction surfaces of the portions of the patch
means are shaped so as to substantially correspond to
current paths that signals within the first and second
resonant frequency ranges would induce in the conduction

surfaces without such shaping.

2. An dual-band microstrip antenna as in claim 1,
wherein conduction surfaces of the ground member are
shaped so as to substantially correspond to current paths
that signals within the first and second resonant
frequency ranges would induce in those conduction surfaces

without such shaping.

3. A dual-band microstrip antenna as in claim 1 or
2, wherein the ground member has a rectangular outer
profile and wherein sides and one end of the patch means
are in respective alignment with sides and one end of the

ground member.

4. A dual-band microstrip antenna as in claim 3,
wherein the first portion of the patch means is a first
patch, wherein the second portion of the patch means is a
pair of second patches each positioned adjacent a respec-
tive opposite side of the first patch, one end of each
first and second patch corresponding to the one end of the
patch means, wherein an antenna signal feedline is

connected to a generally central position on the first
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patch, and wherein a shorting member extends from each
second patch to the ground member at a point proximate the

one end of the second patch and the ground member.

5. A dual-band microstrip antenna comprising:

a ground member; and,

first and second portions of a patch means that is in
a generally parallel spaced relationship with the ground
member, first and second resonant frequency ranges being
defined by the electromagnetic interaction between the
patch means and the ground member;
wherein sides and one end of the patch means are in
respective alignment with sides and one end of the ground
member, wherein the first portion of the patch means is a
first patch and the second portion of the patch means is a
pair of second patches, each second patch having a side
adjacent a respective opposite side of the first patch,
one end of each first and second patch corresponding to
the one end of the patch means, wherein an antenna signal
feedline is connected to a generally central position on
the first patch, and wherein a shorting member extends
from each second patch to the ground member at a point
proximate the one end of the second patch and the ground

member.

6. A dual-band microstrip antenna as in claim 4 or
5, wherein each second patch has a length approximating
the length of the first patch, and has a width approxi-
mating one-half the width of the first patch.

7. A dual-band microstrip antenna as in claim 6,
wherein the first patch is generally configured as an 'H’,
with the sides of the first patch corresponding to side

members of the 'H’.

8. A dual-band microstrip antenna as in claim 4,
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wherein the conducting surfaces of the ground member is
configured as a hollow generally rectangular structure,
with a cross-piece extending between the sides of the

structure at a projection of the position at which the

antenna signal feedline connects to the first patch.

9. A dual-band microstrip antenna as in claim 7,
wherein the conducting surface of the ground member is
defined by two side members and an other end member and
with a cross-piece extending between the two side members
at a projection of the position at which the antenna
signal feedline connects to the first patch, and wherein
extensions of the side members of the first patch extend
from the one end of the patch means to the plane of the
ground member and then in the plane of the ground member

for a part of the distance toward the cross-piece.

10. A dual-band microstrip antenna as in claim 8 or
9, wherein a coaxial cable is attached to the antenna such
that a ground portion of the cable is connected to the
cross-piece of the ground member, and such that a signal
feed portion of the cable defines the antenna signal

feedline attached to the first patch.

11. A dual-band microstrip antenna as in claim 8,
wherein the antenna is formed from printed circuit board
having a conductive layer on one side, wherein the
conducting surfaces of the ground member are formed by
removing portions of the conductive layer on the one side
of a first segment of the circuit board, wherein the
conducting surfaces of the patch means are formed by
removing portions of the conductive layer on the one side
of a second segment of the circuit board, and wherein the
first and second segments of the circuit board are then
mounted in parallel spaced relationship, and shorting
members are applied between the ground member and the
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second patches proximate the one end of the ground member

and the second patches.

12. A dual-band microstrip antenna as in claim 9,
wherein the antenna is formed from printed circuit board
having a conductive layer on one side, wherein the
conducting surfaces of the ground member are formed by
removing portions of the conductive layer on the one side
of a first segment of the circuit board, wherein the
conducting surfaces of the patch means are formed by
removing portions of the conductive layer on the one side
of a second segment of the circuit board, wherein the
first and second segments of the circuit board are then
mounted in parallel spaced relationship, and wherein
shorting members are applied between the one end of the
ground member and the one end of the first and second

patches.

13. A dual-band microstrip antenna comprising at
least two interconnected conductive radiating structures,
at least one of the structures being apertured at
locations where, if apertures were not present, induced
currents would be relatively low compared to currents in

other parts of the structure.
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