o

10

15

20

25

30

35

1 101270/ES/PCD

A RADIOCOMMUNICATION DEVICE AND A DUAL-FREQUENCY
MICROSTRIP ANTENNA - |
The present invention is generally concerned with

radiocommunication devices, in particular mobile

. telephones, and it is more particularly concerned with

microstrip antennas for use in such devices. An antenna
of this kind is known as a “microstrip patch antenna” and
includes a patch which is typically formed by etching a
metallic layer.
BACKGROUND OF THE INVENTION

' The microstrip technique is a planar technique used
to produce lines conveying signals and antennas coupling
such lines and radiated waves. It uses conductive strips
and/or patches formed on the top surface of a thin
dielectric substrate separating them from a conductive
layer on the bottom surface of the substrate and
constituting a ground for the line or antenna. A patch
is typically wider than a strip and its shape and
dimensions are important features of the antenna. The
substrate is typically a plane rectangular sheet of
constant thickness and the patch is also typically
rectangular. This is not obligatory, however. In
particular, varying the thickness of the substrate, for
example exponentially, widens the bandwidth of an antenna
of the above kind, and the shape of the patch can in
particular be circular. The electric field lines extend
between the strip or patch and the ground layer through
the substrate.

The technique differs from various other techniques
that also employ conductive elements on a thin substrate,
in particular the coplanar line technique in which the

electric field is established on the top surface of the

substrate and symmetrically between a central conductive
strip and two circular areas on respective opposite sides
of the strip, from which they are separated by respective
slots. 1In the case of an antenna, a patch is surrounded
by a continuous conductive area from which it is
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separated by a slot. . _ _
Antennas using the above techniques are typically,
although not exclusively, resonant structures which are
the site of standing waves enabling coupling with
radiated waves. .
A broad distinction can be drawn between diverse
types of resonant structure that can be made using the

‘microstrip technique and which correspond to respective

modes of resonance of the structure. A first type is the
commonest one and might be called the “half-wave” type.
Taking one dimension of the patch as its length, in a
direction called the longitudinal direction, the length
is typically substantially equal to one half-wave, i.e.
to half the wavelength of an electromagnetic wave
propagating in that direction in the line comprising the
ground, the substrate and the patch. The antenna is then
called a “half-wave” antenna. That type of resonance can
be generally defined by the presence of an electric
current node at each of the two ends of the length, which
can therefore also be equal to said half-wave multiplied
by an integer other than 1. This number is typically an
odd number. Coupling with radiated waves occurs at the
ends of the length, in regions where the amplitude of the
electric field in the substrate is maximum.

A second type of resonant structure that can be
produced using the same technique might be called the
“quarter-wave” type. It differs from the half-wave type
in that the patch typically has a length substantially
equal to one-quarter wave, i.e. to one-fourth of a
wavelength, the length of the patch and the wavelength
being defined as above. In this case the antenna is
called a “quarter-wave” antenna. It is also different in
that there is a clear short-circuit at one end of the
length between the ground and the patch in order to
impose a “quarter-wave” resonance mode. This type of
resonance can be generally defined by the presence of an
electric field node fixed by the short-circuit at one end
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of the length of the patch and by an electric current
node at the other end of the length. The length can
therefore be equal to an integer number of half-waves
added to said quarter-wave. Coupling with the radiated
waves occurs at the other end of the length, in the
region in which the amplitude of the electric field
through the substrate is maximum.

Other resonance modes can be established in planar
antennas. They depend in particular on: _

- the configuration of the patches, which can incorporate
slots, possibly radiating slots,

- the possible presence and location of short-circuits
and electric models representative of short-circuits,
which are not always equivalent, even appfoximately, to
perfect short-circuits, for which the impedance would be
zero, and

- the possible presence and location of coupling devices
in the antennas for coupling their resonant structures to
a signal processing unit such as a transmitter.

There may be a plurality of resonance modes for a
given antenna configuration, enabling the antenna to be
used at a plurality of frequencies corresponding to those
modes.

The present invention is particularly characterized
by choosing certain “resonance paths”, as explained
hereinafter. The meaning of the expression “resonance
path” as used hereinafter will now be defined:

Each resonance mode can be described as the result
of superposing two waves propagating in opposite
directions on the same path and reflected at the two ends
of the path alternately. The path is imposed by the
components of the antemna. It constitutes the “resonance
path” for this resonance mode. It is rectilinear and
longitudinal in the case of the half-wave and quarter-
wave antennas previously mentioned. However, it can also
be a curved radiating slot. 1In all cases the resonant
frequency is inversely proportional to the time for which
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a traveling Qave travels along the resonance path (see
above). The expression “resonance mode” is sometimes
replaced below by-the term “resonance”. _

An antenna is typically coupled to a single
processor unit such as a transmitter by a connection
system including a coupling device incorporated in the
antenna and a connection line external to the antenna
connecting the coupling device to the signal processor
unit.

In the case of a resonant structure transmit
antenna, the respective functions of the coupling device,
the connection line and the antenna are as follows: the
function of the connection line is to .convey a radio
frequency or microwave frequency signal from the
transmitter to the terminals of the antenna. The signal
propagates along the whole of a line of this kind in the
form of a traveling wave without its characteristics
being significantly modified, at least in theory. The
function of the coupling device is to convert the signal
supplied by the connection line into a form in which it
excites a resonance of the antenna, i.e. so that the
energy of the traveling wave conveying the signal is
transferred to a standing wave established in the antenna
with characteristics defined by the antenna. Transfer is
generally imperfect, i.e. the coupling device reflects
some of the energy towards the connection line, which
causes an unwanted standing wave in the line. The
corresponding standing wave ratio varies as a function of
frequency and the diagram of that variation defines the
bandwidth(s) of the antenna. The antenna transfers
energy from the standing wave to a wave radiated in
space. The signal supplied by the transmitter is
transformed a first time from a traveling wave to a
standing wave and a second time into a radiated wave. In
the case of a receive antenna, the signal takes the same
forms in the same units but in the reverse order.

The coupling device and the connection line can be
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implemented using a technique other than the microstrip
technique, for example in the form of coaxial or coplanar
lines. To limit unwanted reflections their nature and
dimensions are chosen to match the impedance of the
various units through which the signals travel.

A transmit antenna connecting system is often
referred to as an antenna feed line.

The present invention concerns antennas which can be
included in various types of device, including mobile
telephones, base transceiver stations for mobile
telephones, motor vehicles, aircraft and airborne
missiles. In the case of a mobile telephone the
continuous nature of the bottom ground layer of a
microstrip antenna provides an easy way to limit the
amount of radiated power intercepted by the body of the
user of the device. 1In motor vehicles and above all in
aircraft or missiles which have a metallic outer surface
and a curved profile for low aerodynamic drag, the
antenna can be conformed to the profile so that it does
not cause unwanted additional aerodynamic drag.

The invention is more particularly concerned with
the situation in which an antenna of the above kind is
required to have the following qualities:

- it must be a dual frequency antenna, i.e. it must be
capable of transmitting and/or receiving radiated waves
efficiently on two widely spaced apart frequencies,

- it must be possible to connect it to a signal processor
unit using a single connection line for all operating
frequencies of a radiocommunication device, without
giving rise to unwanted standing wave ratios on the line,
and '

- it must not be necessary to use a frequency multiplexer
or demultiplexer to achieve this.

The prior art describes or proposes many dual
frequency microstrip antennas. They differ in terms of
the means employed to obtain a plurality of resonant
frequencies. Three such antennas will now be considered:
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A first prior art antenna is described in US Patent
4,766,440 (Gan). The patch 10 of the antenna is
generally rectangular and so the antenna has two half-
wave resonances whose paths are along a length and a
width of the patch. It also has a U-shaped curved slot
which is entirely inside the patch. The slot is a
radiating slot and produces an additional resonance mode
on aadifferent path} By appropriately choosing its shape
and dimensions, the fregquencies of the resonance modes
are tuned to required values, which leads to the
possibility of transmitting a circularly polarized wave
by associating two modes having the same frequency and
crossed linear polarizations. The coupling device is in
the form of a microstrip line which is also coplanar in
the sense that the microstrip is in the plane of the
patch and penetrates between two notches in it. The
device includes impedance converting means for matching
it to the various input impedances of the line at the
various resonant frequencies used as operating '
frequencies. '

The first prior art antenna has the following
drawbacks:

- Its implementation is complicated by the need to
provide impedance converter means.

- It is difficult to adjust the resonant frequencies
accurately to required values.

A second prior art antenna differs from the previous
one in that it uses a single resonance path. It is
described in US Patent 4,771,291 (LO et al.). 1Its patch
incorporates localized short-circuits and slots extending
along respective straight line segments within the patch.
The slots and short-circuits reduce the difference
between two frequencies corresponding to two resonances
which share the path but have two different modes,
respectively designated by the numbers (0, 1) and (0, 3),
meaning that the common.path is occupied by one half-wave
or three half-waves, depending on the mode concerned. 1In
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this way the ratio between the two frequencies can be
reduced from 3 to 1.8. The localized short-circuits are
provided by conductors extending through the substrate.

The second prior art antenna has the fellowing
drawbacks: B _
- Its overall size corresponds to three half-waves.
- Incorporating localized short-circuits complicates the
implementation of the antenna.
- The coupling device of the antenna, which is in the
form of a coaxial line, requires accurate adjustment of
the position of the coaxial structure passing through the
substrate to obtain good matching to a feed line having
an impedance of 50 ohms for the two operating
frequencies. , |

A third prior art dual frequency antenna differs
from the previous two in that it uses a quarter-wave
resonance. It is described in IEEE ANTENNAS AND
PROPAGATION SOCIETY INTERNATIONAL SYMPOSIUM DIGEST,
NEWPORT BEACH, JUNE 18-23, 1995, pages 2124-2127 Boag et
al. *“Dual Band Cavity-Backed Quarter-wave Patch
Antenna”. A first resonance'freQuency is defined by the
dimensions and the characteristics of the substrate and
patch of the antenna. A resonance of substantially the
same type is obtained on the same resonance path at a
second frequency using a matching system.

The third prior art antenna has the following
drawbacks:
- The difference between the two resonant frequencies is
too small in some applications.
- The need to use a matching system complicates the
implementation of the antenna.
- The same can apply'to implementing the coupling device
of the antenna in the form of a coaxial line.

OBJECTS AND SUMMARY OF THE INVENTION -

The aims of the present invention include:
- enabling simple implementation of a dual frequency
antenna, more particularly an antenna for which the ratio



10

15

20

25

30

35

is in the range approximately 0.2 to approximately 0.8

- and in particular around 0.5, by choosing more freely
" than previously the ratio between two wanted resonant

frequencies of the antenna, .
- giving the antenna a sufficiently wide bandwidth around
each of the two resonant frequencies for a traqsﬁit
frequency and a receive ffequency to be situated within
that bandwidth without crosstalk occurring,

- enabling easy and accurate adjustment of the two
resonant frequencies,

- enabling use of a single coupling device whose
impedance can easily be matched for each of the two
resonant frequencies, and

- limiting the dimensions of the antenna.

With the above aims in view, the invention consists
in particular in a dual frequency microstrip antenna.
The antenna includes a patch having a rear edge, a front
edge opposite the rear edge and two lateral edges joining
the rear edge to the front edge. The rear edge has a
short-circuit enabling a quarter-wave resonance to be
established in the antenna with an electric field node
fixed by the short-circuit and a resonance path extending
between said rear edge and said front edge. The antenna
further includes an antenna coupling device for coupling
it to a signal processor unit such as a transmitter or
receiver. Compared to the third prior art antenna
previously mentioned, in the antenna in accordance with
the invention, its coupling device is asymmetric so that
one lateral edge of the patch differs from the other to
enable the device to couple the antenna to the signal
proceséor unit not only for said quarter-wave resonance
but also for a half-wave resonance established in the
antenna with a resonance path extending between the two
lateral edges of the patch.

The present invention also consists in a dual
frequency radiocommunication device including:

- a signal processor unit adapted to be tuned to a
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frequency near to at least two predetefmined frequencies
to transmit and/or receive an eleétric_signal at each of
those two frequencies, and

- an antenna connected to the processor unit to couple
said electric signal to radiated waves. The antenna is a
microstrip antenna. Its patch has a rear edge provided
with a short-circuit. It also has a front edge opposite
the rear edge and two lateral edges joining the rear edge
to the front edge. The short-circuit enables a quarter-
wave resonance to be established in the antenna with an
electric field node fixed by the short-circuit and a
resonance path extending between said rear edge and said
front edge. Said resonance is at a frequency which is
one of said predetermined frequencies and constitutes a
quarter-wave resonant frequency. In the device, the
other predetermined frequency is a half-wave resonant
frequency consisting of the frequency of a half-wave
resonance established in the antenna with a resonance
path extending between said two lateral edges. The types
of resonance considered in the context of the invention
are generally defined hereinabove.

Whatever the nature of the antenna coupling device
used to enable the radiocommunication device to operate
in two frequency bands centered respectively on the
quarter-wave and on the half-wave resonant frequencies,
the invention is advantageous if the ratio between the
required two operating frequencies takes certain values,
and more particularly if the ratio is in the rangé
approximately 0.2 to approximately 0.8, in particular
around 0.5. The advantage is that it enables the
required ratio to be obtained relatively simply and
efficiently by the combined use of two resonance modes,
one of the quarter-wave type and the other of the half-
wave type, established from traveling waves traveling
across the same area in two crossing directions.

BRIEF DESCRIPTION OF THE DRAWINGS
Various aspects of the present invention will be
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better understood from the following description and the
accompanying diagrammatic drawings. If the same
component is shown in more than one figure it is
designated by the same reference numerals and/or letters.

Figure 1 is a perspective view of a radio-
communication device in accordance with the invention.

Figure 2 is a plan view of the antenna from the
device from Figure 1.

Figure 3 is a graph showing how a reflection
coefficient as measured at the input of the antenna and
plotted up the ordinate axis varies as a function of the
frequency of a signal feeding the antenna and plotted
along the abscissa axis.

MORE DETAILED DESCRIPTION

As shown in Figures 1 and 2, and in a manner that is
known per se, an antenna in accordance with the present
invention includes a resonant structure including the
following components:

- A dielectric substrate 2 having two opposite main
surfaces extending in directions defined in the antenna
and constituting horizontal directions DL and DT, which
directions may depend on the area concerned of the
antenna. The substrate can have various shapes, as
previously explained. 1Its two main surfaces are a bottom
surface S1 and a top surface S2. .

- A bottom conductive layer extending over all of the
bottom surface, for example, and constituting a ground 4
of the antenna.

- A top conductive layer extending over an area of the
top surface over the ground 4 to constitute a patch 6.
The patch has a length and a width in said two horizontal
directions that are defined hereinafter and which
constitute a longitudinal direction DL and a transverse
direction DT, respectively, and its periphery can be
considered as comprising four edges in pairs
substantially in those two directions. Although the
words “length” and “width” usually apply to two mutually
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perpendicular dimensions of a rectangular object, the_

'length being greater than the width, it must be

understood that the patch 6 could have a non-rectangular
shape without departing from the scope of the invention.
More particularly, the directions DL and DT can be at an.
angle other than 90 degrees to each other, the edges of
the patch can be non-rectilinear and not separated by
angular corners, and the length of the patch can be
shorter than'its width. One edge extends in the
transverse direction DT and constitutes a reér edge 10.

A front edge 12 is opposite the rear edge. Two lateral
edges 14 and 16 join the rear edge to the front edge.

- Finally, a short-circuit C2 electrically connecting the
patch 6 to the ground 4 from the rear edée of the patch.
The short-circuit is formed by a conductive layer
extending over an edge surface of the substrate which is
typically plane in which case it constitutes a short-
circuit plane. It obliges a resonance of the antenna to
have an electric field node at the rear edge 10 and to be
at least approximately of the quarter-wave type. The
frequency of this resocnance will be called the “quarter-
wave resonant frequency” hereinafter. The rear, front
and lateral edges and the longitudinal and transverse
directions are defined by the position of a short-circuit
of the above kind if the short-circuit is sufficiently
clear, i.e. sufficiently extensive and of sufficiently
low impedance to impose a quarter-wave resonance on the
antenna. '

The antenna further includes a coupling device. The
device includes a main conductor consisting of a coupling
strip Cl on the top surface S2 of the substrate and
connected to the patch 6 at an internal connection point
18. It also includes a ground conductor consisting of
the layer 4. It constitutes all or part of a connecting
system that connects the resonant structure of the
antenna to a signal processor unit 22, for example to
excite one or more resonances of the antenna from the
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unit in the case of a transmit antenna. In addition to
this device, the connecting system typically includes a
connection line external to_the antenna. This line can
be of the coaxiai, microstrip or coplanar type. _

In the context of the present invention at least a
fraction of a length of the connection line is
advantageously of the microstrip type and more
particularly includes:

- a main conductor in the form a connecting strip C3 on
the top surface S2 of the substrate 2 and continuous with
the coupling strip Cl, and

- a ground conductor on the bbttom surface of the
substrate and continuous with the ground of the antenna.
Like the antenna ground, this conductor is the bottom
conductive layer 4, for example.

In Figure 1, the remaining portion of the connection
line is symbolized as two conductive wires C4 and C5
reéspectively connecting the ground 4 and the strip C3 to
two terminals of the signal processor unit 22. However,
it should be understood that in practice this remaining
portion is preferably in the form of a microstrip or
coaxial line.

The signal processor unit 22 is adapted to operate
at predetermined operating frequencies which are at least
close to the wanted resonant frequencies of the antenna,
i.e. which are in bands centered on those resonant
frequencies. It can be composite, in which case it
includes a component tuned permanently to each operating
frequency. It can equally include a component that can
be tuned to the various operating frequencies. The
quarter-wave resonant frequency constitutes one such
wanted resonant frequency.

In accordance with the invention, another wanted
resonant frequency is a half-wave resonant frequency
consisting of the frequency of a half-wave resonance
established in the antenna with a resonance path between
the two lateral edges 14 and 16.
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For the radio communication device in accordance
with the invention to be able to operate, thé antenna
coupling device must be capable of fulfilling its

"coupling function both at the guarter-wave resonant

frequency and at the half-wave resonant frequency. In
one embodiment of the invention this capability is
obtained by virtue of the fact that the device is
asymmetric'relative to a longitudinal axis of the
antenna, not shown, so that one of the two lateral edges
of the patch is different from the other one. This
asymmetry of the coupling device can be obtained in
various ways that are known per se. It can in particular
affect the position, orientation and/or dimensions of the
device or part of the device. It has nevertheless become
clear that implementing it in the form of a coaxial line
would be inappropriate, at least if the line were
vertical. The device can advantageously be formed using
a planar technique for the patch and/or the antenna
ground.

The patch 6 is the usual rectangular shape and the
asymmetry of the coupling device of the antenna can
advantageously be obtained by the following arrangement:
the patch 6 has a coupling input slot 20 opening to the
exterior of the patch at a first lateral edge 14 of the
patch and extending to an end of the slot from this first
lateral edge, for example in the transverse direction DT.
A coupling strip Cl extends from the first lateral edge
on the top surface of the substrate inside the coupling
input slot. It is connected to the patch at the end of
the slot, this end constituting an internal connection
point 18. The distances from this point to a first
lateral edge 14 and the rear edge 10 respectively
constitute a connecting depth L3 and a connecting
dimension 1L4. The ground conductor of the antenna
coupling device is the ground 4 of the antenna.

The ratio L1/L2 of the length of the patch to its
width is preferably in the range approximately 2.5 to



10

15

20

25

30

35

14

approximately 0.625.

| The connecting depth L3 is preferably in the range
approximately 8% to approximately 25% of the width L2 of
the patch 6. | |

The connecting dimension 14 is preferably in the
range approximately 25% to appfoximately 75% of the
length L1l of the patch 6.

The short-circuit C2 preferably occupies only a
segment of the rear edge 10 and that segment has a length
in the range 10% to 90% of the width L2 of the patch 6.

With the aim of providing a numerical example,
various compositions and values are given hereinafter for
one embodiment of an antenna in accordance with the
invention. The length and width of the substrate are
respectively in the léngitudinal direction DL and the
transverse direction DT.

- quarter-wave resonant frequency: F1 = 980 MHz,

- half-wave resonant frequency: F2 = 1 900 MHz,

- input impedance: 50 ohms,

- composition and thickness of substrate: epoxy resin
with relative permittivity €, equal to 3 and dissipation
factor tand equal to 0.003,

- thickness of substrate: 2 mm,

- composition of conductive layers: copper,

- thickness of conductive layers: 17 microns,

- length of substrate: 65 mm,

- width of substrate: 70 mm,

- length of patch: L1 = 60 mm,

- width of patch: 12 = 60 mm,

- connecting depth: L3 = 10 mm,

- connecting dimension: L4 = 30 mm,

- width of conductors Cl and C3: 5 mm,

- width of slot 20: 0.7 mm,

- width of short-circuit conductor C2: 36 mm.

The Figure 3 graph was plotted from measurements on
an antenna with the above numerical characteristics. 1In
Figure 3 the top horizontal line is the 0 dB level. The
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distance between two horizontal lines is 3 dB. The
extreme frequencies of the scale represehted are 200 MHz
and 2 000 MHz. The distance between two vertical lines
is 180 MHz. The resonant peaks in the diagram correspond
to the previously indicated quarter-wave resonant
frequency Fl1 and half-wave resonant frequency F2.

The present invention can be applied with particular
advantage to a mobile telephone system. A system of this
kind includes.base transceiver stations and portable
terminals using frequencies around 900 MHz (GSM) or
around 1 800 MHz (DCS). In a system of this kind the
base transceiver stations or the portable terminals can
each include a radiocommunication device in accordance
with the invention. In a device of this kind suited to
this use the antenna has to operate in a high frequency
band around said half-wave resonant frequency and in a
low frequency band around said quarter-wave resonant
frequency. Said signal processor unit 22 can then be
tuned to four different operating frequencies:

- a high transmit frequency in said high frequency band,
- a high receive frequency in said high frequency band,
- a low transmit frequency in said low freguency band,

- a low receive frequency in said low frequency band.

It can respectively transmit or receive a signal
when it is tuned to one of said transmit frequencies or
to one of said receive frequencies.

The invention enables the two frequency bands to be
wide enough not only to prevent crosstalk between
transmit and receive channels in the band but also to
enable a choice between a plurality of-possible positions
of the channels in the band. The low frequency band
corresponds to the GSM standard and the high frequency
band to the DCS standard. In this way dual mode
terminals and/or base receiver stations are economically
obtained, i.e. terminals and/or base transceiver stations
able to operate under any of the above standards.

For example, in the case of an antenna with the
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numerical characteristics set out hereinabove, the high
transmit and receive frequencies can be 1 750 MHz and

1 840 MHz, respectively, and the low transmit and receive
frequencies can be 890 MHz and 940 MHz, respecfciVely.
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CLAIMS
1 - A dual ftequency radiocommunication device including:
- a signal processor unit adapted to be tuned to a
frequency near at least two predetermined frequencies to
transmit and/or receive an electric signal at each of
those two frequencies, and
- a microstrip antenna connected to that processor unit
to couple said electric signal to radiated waves, a patch
of the antenna having a rear edge provided with a short-
circuit, a front edge opposite the rear edge and two
lateral edges joining the rear edge to the front edge,
said short-circuit enabling a quarter-wave resonance to
be established in said antenna with an electric field
node fixed by the short-circuit and a resonance path
extending between said rear edge and said front edge,
said quarter-wave resonance having a quarter-wave
resonant frequency which is one of said predetermined
frequencies, ' |

wherein the other of said predetermined frequencies
is a half-wave resonant frequency consisting of the
frequency of a half-wave resonance established in the
antenna with a resonance path extending between said two
lateral edges.

2 - A radiocommunication device according to claim 1,
said antenna including:

- a dielectric substrate having two opposite main
surfaces extending in directions defined in said antenna
and constituting horizontal directions, the two surfaces
respectively constituting a bottom surface and a top
surface,

- a bottom conductive layer on said bottom surface and
constituting a ground of the antenna,

- a top conductive surface on an area of said top surface
over said ground and constituting said patch,

- said short-circuit electrically connecting said patch
to said ground from said rear edge of the patch, this
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edge extending in a horizontal direction constituting a
transverse direction, a length of the patch extending
between the rear edge and said front edge in a
longitudinal direction which is one of said horizontal
directions, said two lateral edges of said patch
respectively constituting a first lateral edge and a
second lateral edge, a width of the patch extending
between the two lateral edges, and
- an antenna coupling device including:
- a main conductor, and
- a ground conductor enabling said antenna to be coupled
to said signal processor unit via the antenna coupling
device at each of said predetermined frequencies, |
wherein said patch has a coupling input slot opening
to the exterior of the patch via said first lateral edge
of the patch and extending from the first lateral edge
substantially in said transverse direction as far as an
end of the slot, said main conductor of the antemnna
coupling device having the form of a coupling strip
extending from said first lateral edge of the patch on
said top surface of the substrate inside said coupling
input slot, the strip being connected to the patch at
said end of the slot, this end constituting an internal
connection point, the distances from this point to the
first lateral edge and said rear edge respectively
constituting a connecting depth and a connecting
dimension, said ground conductor of the antenna coupling
device consisting of said antenna ground.

3 - A radiocommunication device according to claim 2, the
ratio of said length of the patch to said width of the
patch being in the range approximately 2.5 to
approximately 0.625.

4 - A radiocommunication device according to claim 3,
said connecting depth being in the range approximately 8%
to approximately 25% of said width of the patch.
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5 ~ A radiocommunication device according to claim 3,
said connecting dimension being in the range
approximately 25% to approximately 75% of said length of
the patch. '

6 - A fadiocommunication device according to claim 3,
said short-circuit dccupying a segment of said rear edge
of the patch having a length in the range 10% to 90% of
said width of the patch.

7 - A radiocommunication device according to claim 2
further including a connection line extending to the
exterior of said antenna for connecting said antenna
coupling device to said signal processor unit, at least a
portion of a length of the connection line including:

- a main conductor having the form of a connecting strip
on said top surface of the substrate and continuous with
said coupling strip, and

- a ground conductor on said bottom surface of the
substrate and continuous with said ground of the antenna.

8 - A radiocommunication device according to claim 1,
said antenna being adapted to operate in a high frequency
band near said half-wave resonant frequency and a low
frequency band near said quarter-wave resonant frequency,
said signal processor unit being adapted to be tuned to
four different predetermined frequencies:
- a high transmit frequency in said high frequency band,
~ a high receive frequency in said high frequency band,
- a low transmit frequency in said low frequency band,
and ‘
- a low receive frequency in said low frequency band,

the processor unit being respectively adapted to
transmit or receive a signal when it is tuned to one of
said transmit frequencies or one of said receive
frequencies. '
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9 - A dual frequency microstrip antenna including:

' - a patch having a rear edge provided with a short-

circuit, a front edge opposite the rear edge and two

- lateral edges joining the rear edge to the front edgg,

said short-circuit enabling a quarter-wave resonance to
be established in said antenna with an electric field
node fixed by the short-circuit and a resonance path
extending between said rear edge and said front edge, and
- an antenna coupling device for coupling the antenna to
a signal processor unit,

wherein said antenna coupling device is asymmetric
so that one lateral edge of the patch differs from the
other lateral edge of the patch to enable the device to
couple the antenna to said signal processor unit not only -
for said quarter-wave resonance but also for a half-wave
resonance established in said antenna with a resonance
path extending between said two lateral edges of the
patch. '

10 - An antenna according to claim 9 including:

- a dielectric substrate having two opposite main
surfaces extending in horizontal directions defined in
the antenna, the two surfaces respectively constituting a
bottom surface and a top surface,

- a bottom conductive layer on said bottom surface and
constituting a ground of the antenna,

- a top conductive layer on an area of said top surface
over said ground and constituting said patch,

- said short-circuit, electrically connecting the patch
to said ground from said rear edge of the patch, this
edge extending in one of said horizontal directions
constituting a transverse direction, a length of the
patch extending between the rear edge and said front edge
in a longitudinal direction which is one of said
horizontal directions, said two lateral edges of the
patch respectively constituting a first lateral edge and
a second lateral edge, a width of the patch extending
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between the two lateral edges, and

- said antenna coupling device, including:

- a main conductor, and

- a ground conductor enablihg said antenna to be coupled
to a signal processor unit via the device, _

wherein said patch includes a coupling input slot
opening to the exterior of the patch via said first
lateral edge of the patch'and extending from the first
lateral edge substantially in said transverse direction
as far as an end of the slot, said main conductor of the
antenna coupling device having the form of a coupling
strip extending from said first lateral edge of the patch
on said top surface of the substrate inside said coupling
input slot, the strip being connected to said patch at
said end of the slot, said ground conductor of the
antenna coupling device consisting of said ground of the
antenna.



