(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

22 August 2002 (22.08.2002) PCT

A0 0 OO

(10) International Publication Number

WO 02/065581 Al

(51) International Patent Classification”. H01Q 9/04, 1724  (74)

(21) International Application Number: PCT/EP01/01737

(22) International Filing Date: 14 February 2001 (14.02.2001) (81)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant (for all designated States except US): TELE-
FONAKTIEBOLAGET LM ERICSSON (publ)
[SE/SE]; S-126 25 Stockholm (SE). (84)

(72) Inventors; and

(75) Inventors/Applicants (for US  only): VAN
NIGTEVECHT, Hans, Christiaan [NL/NL];
Eekmaatlaan 22, NL-7534 JV  Enschede (NL).
KLAASSEN, Roger, Clément, Pétrus, Cornelis

(NL). —

Agents: VAN KAN, J,, J, H. et al.; Algemeen Oc-
trooibureau, World Trade Center, Pastoor Petersstraat 160,
NL-5612 LV Eindhoven (NL).

Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ,
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR,
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO, NZ, PL, PT,RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM,
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

[NL/NL]; Jan van Gilsestraat 16, NL-7425 GL Deventer  Published:

with international search report

[Continued on next page]

(54) Title: A LAYERED MICRO STRIP PATCH ANTENNA

\\\\\\\\\\\\\\\\\\\\\\\\\\\\ii\\\\\w\ ;
a4

5

0O 02/065581 Al

(57) Abstract: The invention relates to a layered micro strip patch antenna (1), having first (2), second (3) and third (4) oppositely
arranged layers. The second layer (3) being interposed between the first (2) and third layer (4). The first layer (2) comprises a
feedline (5) for feeding an RF-signal to or from the antenna (1). The second layer (3) comprises a ground plane and the third layer
(4) comprises a radiator patch. The ground plane and the third layer (4) comprises a radiator patch. The ground plane (3) at part

thereof adjacent to the feedline (5) comprises an aperture (6) such that the feedline (5) and the aperture (6) form a feed structure for

feeding an RF-signal to or from the radiator patch (4).
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A Layered Micro Strip Patch Antenna

Field of the Invention

The present invention relates to telecommunication
systems and, more specifically, to antennas and equipment for transmitting
and receiving radio communication signals.

Backaround of the Invention

Radio equipment, such as radio transceiver devices for
use in mobile and cordless telecommunication systems, often comprise micro
strip patch antenna structures, connected to electronic circuitry using
separate external wiring, such as coaxial cable, for example.

Those skilled in the art will appreciate that equipment
having several separate interconnected parts provide a higher risk of
malfunctioning of the product in use, whereas the product itself is
relatively difficult to produce in an automated production process.

With the increase of the use of mobile and cordless
telephone communication equipment, for example, there is a demand for Tess
expensive, more easily to be manufactured radio equipment which is also
less vulnerable to malfunctioning.

European patent 0 383 292 discloses an electronic
circuit device having a micro strip patch antenna formed on a Printed
Circuit Board (PCB). The PCB comprises a first surface on which a wiring
track pattern is formed and on which components are mounted. A second
surface of the PCB comprises a ground plane, part of which is formed as
a coupling stub for feeding a radiator patch which is mounted opposite
the ground plane at a distance thereof. A feed point of the coupling stub
connects by a plated through hole to the wiring pattern on the first
surface of the PCB.

For impedance matching of the coupling stub with a
transceiver circuit, a separate impedance matching circuit is required.
This impedance matching circuit occupies space on the PCB which, among
others, is determined by the type of matching circuit and the wavelength
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for which the impedance should be matched. Those skilled in the art will
appreciate that for relatively large wavelengths, the matching circuit
may occupy a relatively large space on the PCB, thereby reducing the
effective occupancy of the PCB. However, in view of the current trend for
miniaturisation of mobile or cordless radio communication devices, an as
high as possible occupancy of the PCB is to be demanded.

Summary of the Invention

It is an object of the present invention to provide
an improved micro strip patch antenna, which is of a simple, less expensive
and less space consuming construction. In particular for use in radio
transceiver means, such as a radio access unit and a radio communication
unit for mobile or cordless radio communication systems.

It is a further object of the present invention to
provide an improved micro strip patch antenna for use in radio transceiver
means equipped with two or more antennas arranged for applying antenna
diversity in order to improve radio link performance of the radio
transceiver means.

It is a yet further object of the present invention
to provide an improved micro strip patch antenna for use with radio
transceiver means which can transmit and receive signals simultaneously
in two separate frequency bands.

According to the present invention there is provided
a layered micro strip patch antenna, having first, second and third
oppositely arranged layers, the second layer being interposed between the
first and third layer, the first layer comprises a feedline for feeding
an RF-signal to or from the antenna, the second layer comprises a ground
plane and the third layer comprises a radiator patch. The antenna is
characterised in that the ground plane at part thereof adjacent to the
feedline comprises an aperture such that the feedline and the aperture
form a feed structure for feeding an RF-signal to or from the radiator
patch.

The radiator patch forming the third layer of the micro
strip patch antenna according to the invention is energized by a so-called
aperture coupling, wherein the RF-signal on the feedline is coupled through
the aperture in the ground plane to the radiator patch. Accordingly, the
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feed structure of the micro strip patch antenna according to the invention
does not require an electrically conductive connection between the feedline
of the first layer and the coupling stub of the second layer or ground
plane.

By altering the dimensions of the feed structures,
i.e. the size of the aperture and/or the feedline dimensions and by a
proper positioning of the feedline and the corresponding aperture, the
antenna according to the present invention can be easily tuned to a desired
frequency and matched to a desired impedance of the RF circuitry connected
to the feedline of the antenna.

In an embodiment of the patch antenna according to the
invention, the first layer comprising the feedline is arranged at a first
surface of a PCB, the second layer comprising the ground plane is arranged
at the second surface of the PCB, and the third layer comprising the
radiator patch is arranged at a distance to the PCB.

Different from the prior art micro strip patch antenna
no via’s through the PCB are required for connecting the feedline. Those
skilled in the art will appreciate that the antenna according to the
present invention can be manufactured easier and cheaper compared to the
prior art micro strip patch antennas formed on a PCB.

In a yet further embodiment of the antenna according
to the invention, the first layer comprises a plurality of feedlines and
the second layer comprises a plurality of apertures associated with the
plurality of feedlines, forming a plurality of feed structures. Such an
antenna can be used, among others, for dual band transceiver devices, which
can transmit and receive signals simultaneously onto separate frequency
bands, using one radiator patch for the frequency bands. It will be
appreciated that this type of antenna is of advantage for reducing the
dimensions of radio transceiver devices.

Preferably, each feed structure comprises a separate
feedline and a separate associated aperture. A feedline may be formed by
a conducting strip on the first Tayer. A slot-type opening in the second
or ground layer may form the corresponding aperture. Preferably, a
conducting strip feedline and a slot-type aperture are configured in an
intersecting T-shape. By a proper positioning of the intersecting parts
of the feedline and the aperture, and/or by proper sizing of the dimensions
of the radiator patch, the antenna can be easily tuned and impedance matched.
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In a preferred embodiment of the micro strip patch
antenna according to the present invention for use as a diversity antenna,
the plurality of slot-type apertures orthogonally intersect each other.
In a configuration, two slot-type apertures are provided configured in
a T-shape, wherein one of the apertures forms a first leg of the T-shape
and the other aperture forms the second leg of the T-shape.

This embodiment of the patch antenna according to the
present invention is characterised by a very high isolation between the
two feed structures, thereby avoiding unwanted mixing effects between the
different feed structures.

The radiator patch, i.e. the third layer of the patch
antenna, has to be positioned at a certain distance to the feed structure.
In a preferred embodiment of the invention, the third Tayer forming the
radiator patch is arranged with a housing comprising the antenna. That
is, the radiator patch can be connected to or even may form part of the
(plastic) housing. In both cases, air may be used as dielectric material
between the radiator patch and the feed structure.

While using a PCB on which the first and second layer
of the antenna according to the invention have been provided, other
electrical and/or electronic components, among others forming part of
electrical circuitry for the processing of an RF-signal transmitted by
a feedline, may be mounted on the PCB at the surface thereof comprising
the first layer. The feedline or feedlines of the antenna according to
the invention can be formed as a track of a pattern of tracks forming an
interconnection wiring of the PCB.

In the case of a multi-Tayered PCB, comprising several
layers of wiring, for example, the feedlines may form part of any of said
wiring Tlayers.

The invention further relates to a radio transceiver
means comprising a layered micro strip patch antenna as disclosed above.

The invention relates in particular to a transceiver
means comprising transmitter, receiver and control means arranged for
providing wireless radio communication, such as wireless telephone and
data communication. The transceiver means may comprise a radio access unit
and/or a radio communication unit of a wireless communication system.
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The above-mentioned and other features and advantages
of the invention are illustrated in the following description with
reference to the enclosed drawings.

Brief Description of the Drawings

Figure 1 shows schematically, in an exploded view
representation, an illustrative embodiment of the patch antenna according
to the present invention.

Figure 2 shows the patch antenna of Figure 1 mounted
on a PCB.

Figures 3, 4, 5 and 6 show, in a schematic plane view,
several embodiments of feed structures for use with the patch antenna
according to the present invention.

Figure 7 shows, in a schematic and illustrative manner,
a housing comprising a patch antenna according to the present invention,
wherein the radiator patch forms part of the housing.

Detailed Description of the Embodiments

Figure 1 shows by way of an exploded view, a Tayered
micro-patch antenna 1 in accordance with the present invention. The
antenna 1 comprises oppositely arranged first, second and third layers,
respectively designated with reference numerals 2, 3 and 4.

The first layer 2 comprises a feedline 5 for feeding
an RF-signal to or from the antenna 1. The second layer 3 comprises a
ground plane having a slot-type aperture 6. The third layer 4 forms a
radiator patch for transmitting and/or receiving electromagnetic (EM)
radiation.

The feedline 5, the ground plane 3 and the radiator
patch 4 are formed from electrically conductive material, indicated by
hatching, such as copper, for example.

In the embodiment shown, the first layer 2 and the
second layer 3 are positioned at a distance of each other, separated by
dielectric material 7. Instead of using dielectrical material, the first
and second Tayers 2, 3 may be separated by air.
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The third layer 4, forming the radiator patch, is
arranged at a distance to the second layer 3.

Figure 2 schematically shows an embodiment of an
antenna 9 according to the present invention, wherein the first layer 2,
the second layer 3 and the dielectric material 7 are formed by a single-
layered Printed Circuit Board (PCB) 8. For the purpose of the present
invention, no particular requirements have to be set to the PCB material.
Commercially available PCB’s normally will be sufficient for frequencies
up to the RF area.

The antennas 1 and 9 are fed by a so-called aperture
coupling. An RF-signal on the feedline 5 is coupled through the slot or
aperture 6 in the ground plane 3 to the radiator patch 4.

The antennas 1 and 9 are of a type having a single
polarisation. However, with the present invention, it is also possible
to provide dual polarisation using two apertures 11 and 12 and correspon-
ding feedlines 13, 14 as shown for the antenna 10 in Figure 3.

The slot-type apertures 11 and 12 are arranged in a
T-shape, such that aperture 11 forms a first leg of the T and the aperture
12 forms a second leg of the T. Both the apertures 11 and 12 are formed
in the second layer or ground plane 3.

Figures 4 and 5 show further embodiments of dual
polarised aperture coupled patch antennas 16, 17 in accordance with the
present invention, for use as diversity antennas, for example.

In Figure 4, the apertures 11 and 12 are arranged near
an edge of the ground plane 3, whereas in Figure 4 the apertures 12 and
13 are combined into a single cross-shaped aperture 18. In the antenna
17 of Figure 5, the feedlines 13 and 14 intersect a different leg of the
aperture 18. In both the antennas 16 and 17 the structure of feedlines
and apertures are symmetrical along a diagonal axis.

The patch antenna according to the present invention
can be used for radio equipment at any frequency, by simply adjusting the
shape and/or dimensions of the feed structure, that is the aperture and
corresponding feedline, by changing the shape and/or dimensions of the
radiator patch, and/or by changing the distance between the radiator patch
and the feed structure, as well as between the feedline and the
corresponding aperture. Impedance match can be provided by varying the
position of intersection of a feedline and its corresponding aperture.
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Figure 6 shows an embodiment of a feed structure of
a dual band patch antenna 20 in accordance with the present invention.
The feedline 21 and aperture 22 are tuned to a first frequency and the
feedline 23 and corresponding aperture 24 are tuned to a second frequency,
which is higher than the first frequency. The two feed structure are
orthogonally polarised, i.e. 90°.

It will be appreciated that in Figures 3, 4, 5 and 6
the layers are viewed from the first layer 2 and that no dielectric
material 7 and no radiator patch 4 are shown, in order to facilitate the
understanding of the present invention.

Those skilled in the art will appreciate that other
polarisation angles can be supported by the antenna in accordance with
the present invention, by arranging the feed structures, i.e. the
apertures, under any mutual angle as required for the demanded polarisation
type.

Figure 7 shows, in a schematic and i1lustrative manner,
part of a radio transceiver device 25 having a plastic housing 29
comprising an integrated micro strip patch antenna 26 in accordance with
the present invention, mounted on a PCB 30. In this embodiment, the
conductive radiator patch 28 is attached to or may form part of a wall
of the housing 29. In this embodiment, there is no need for additional
distance holders or other additional fasting means to keep the radiator
patch 28 at a specified distance above the feed structure 27 of the antenna
26. It will be appreciated that this type of housing is advantageous in
view of reduced mounting effort.

The PCB 30 may comprise electrical and/or electronic
components 31, 32, 33 forming part of electrical circuitry for the
processing of an RF-signal transmitted or received via a feedline. Of
course other electrical and/or electronic components may be mounted on
the PCB 30, for example, control circuitry and the Tike.

The feedlines can be advantageously formed as current
conductive tracks on a PCB. Care has to be taken that, at the position
of the apertures, all the layers, accept of course the feedline, are empty.

For the purpose of the present invention multi-layered
PCB’s may be used, wherein the feedlines are formed in a layer separate
from the electrical wiring for connecting the electrical and/or electronic
components mounted on the PCB.
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As illustrated above, the layered micro strip patch
antenna according to the present invention is easy to manufacture on a
PCB, without the need for plated through holes or via’s, and can be mounted
in a housing or enclosure with a minimal amount of assembly operations
to make a complete radio transceiver means, comprising transmitter,
receiver and control means for example arranged for providing wireless
radio communication, such as wireless telephone and data communication.
The transceiver device 25 may be arranged as a radio communication unit
or a radio access unit for use in mobile radio networks, such as operating
under the GSM (Global Systems for Mobile Communications) standard or the
DECT (Digitally Enhanced Cordless Telecommunications) standard or any other
radio communication standard such as Bluetooth and Hyperlan radio operating
in multiple frequency bands, for example.
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Claims

1. A Tayered micro strip patch antenna, having first,
second and third oppositely arranged layers, said second layer being
interposed between said first and third layer, said first layer comprises
a feedline for feeding an RF-signal to or from said antenna, said second
layer comprises a ground plane and said third layer comprises a radiator
patch, characterised in that said ground plane at part thereof adjacent
to said feedline comprises an aperture such that said feedline and said
aperture form a feed structure for feeding an RF-signal to or from said
radiator patch.

2. A layered micro strip patch antenna according to claim
1, wherein said first Tayer comprising said feedline is arranged at a first
surface of a Printed Circuit Board (PCB), said second layer comprising
said ground plane is arranged at a second surface of said PCB, and said
third layer comprising said radiator patch is arranged at a distance to
said PCB.

3. A Tlayered micro strip patch antenna according to
claim 1 or 2, wherein said first layer comprises a plurality of feedlines,
and said second layer comprises a plurality of apertures associated with
said plurality of feedlines, forming a plurality of feed structures.

4. A Tlayered micro strip patch antenna according to
claim 3, wherein each feed structure comprises a separate feedline and
a separate associated aperture.

5. A Tayered micro strip patch antenna according to any
of the previous claims, wherein a feedline is formed by a conducting strip
on said first layer and an aperture is formed by a slot-type opening in
said second layer.

6. A Tlayered micro strip patch antenna according to
claim 5, wherein a conducting strip feedline and a slot-type aperture are
configured in an intersecting T-shape.

7. A layered micro strip patch antenna according to
claim 5 or 6, wherein a plurality of slot-type apertures intersect each
other.

8. A layered micro strip patch antenna according to

claim 5, 6 or 7, having a first feed structure comprising first conducting
strip and a first slot-type aperture and a second feed structure comprising
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a second conducting strip and a second slot-type aperture, wherein said
first and second feed structures are arranged such that said first and
second conducting strips and said first and second slot-type apertures
are mutually orthogonally positioned.

9. A Tayered micro strip patch antenna according to
claim 5, 6, 7 or 8, comprising slot-type apertures of different size.
10. A Tayered micro strip patch antenna according to any
of the previous claims, wherein said third Tayer forming said radiator
patch is arranged with a housing comprising said antenna.

11. A Tayered micro strip patch antenna according to
claim 10, wherein said third Tayer forms part of said housing.

12. A Tayered micro strip patch antenna according to any
of the previous claims dependent on claim 2, wherein said PCB comprises
electrical and/or electronic components forming part of electrical
circuitry for the processing of an RF-signal transmitted by a feedline.
13. A Tlayered micro strip patch antenna according to
claim 12, wherein a feedline forms a track of a pattern of tracks forming
an interconnection wiring of said PCB.

14. A radio transceiver means comprising a layered micro
strip patch antenna according to any of the claims 1-13.

15. A transceiver means according to claim 14, comprising
transmitter, receiver and control means arranged for providing wireless
radio communication, such as wireless telephone and data communication.
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