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(54) Three-fold polarization diversity antenna

(57)  Athree-fold polarization diversity antenna com-
prises a slot-loaded patch, and a radiation member that
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is electromagnetically coupled to the slot-loaded patch.
The radiation member extends through a plane of the
slot-loaded patch.
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Description

[0001] This patent application relates to an antenna
apparatus. In particular, this patent application relates to
an antenna having polarization diversity.

[0002] The electric field of a propagating electromag-
netic wave has two linear components that are orthogo-
nal to one another. Typically, these components trace
out an ellipse as a function of time. However, the elec-
tromagnetic wave might have only a single electric field
component, in which case the electromagnetic wave is
said to be linearly polarized.

[0003] Ifan electromagnetic wave is linearly polarized,
signal quality may be adversely affected by multipath sig-
nals, since many linearly polarized signals with different
polarization might exist at the receiving antenna. A po-
larization diverse antenna can be used to improve signal
transmission/reception quality in multipath environments
since the signal strength received by such antennas can
be greater than with a single linearly polarized antenna.
A polarization diverse antenna can also be used to in-
crease network capacity since multiple signals of the
same frequency, but different polarizations, can be trans-
mitted from and/or received at a single antenna.

[0004] Conventional linear polarization diversity an-
tennas may have two feed/receive lines that transmit/
receive two respective orthogonal components of the
electromagnetic wave. For example, Zhang (US
6,593,891) describes a polarization diverse antenna that
comprises a dielectric substrate having an upper con-
ductive surface. A cross-shaped slot is formed in the up-
per conductive surface. The lower surface of the dielec-
tric includes elongated conductive strips that are aligned
with the arms of the slot, and a rectangular conductive
portion that is aligned with the centre of the slot. The
antenna also includes a pair of feed lines, each attached
to a respective one of the conductive strips.

[0005] Alternately, alinear polarization diversity anten-
na may have a single feed/receive line, but have a com-
plex structure to transmit/receive the orthogonal compo-
nents of the electromagnetic wave. For instance, Thudor
(US 7,336,233) describes a polarization diverse antenna
that comprises five slots that are arranged in a H-shaped
structure on the upper surface of a dielectric substrate.
A single feed line is disposed on the lower surface of the
dielectric substrate, and is perpendicular to the centre
slot. The antenna also includes a switching means that
are positioned in the middle of each slot, except the mid-
dle slot. Similarly, Milyakh (US 7,358,916) describes a
polarization diverse antenna that comprises four right-
angled bent conductive strips that are disposed on a di-
electric substrate. The antenna also includes a switching
network comprising diodes that are formed between the
ends of adjacent strips. A single feed line is connected
between the diagonally opposite strips, at the bent por-
tion thereof.

[0006] A common problem of dual-polarized antenna
is the high possibility of crosstalk between the polarized
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components.
GENERAL

[0007] In a first aspect, this patent application de-
scribes a three-fold polarization diversity antenna that
comprises a slot-loaded patch, and a radiation member
that is electromagnetically coupled to the slot-loaded
patch. The radiation member extends through a plane of
the slot-loaded patch.

[0008] In a second aspect, this patent application de-
scribes a wireless communications device that compris-
es a radio transceiver section, and a three-fold polariza-
tion diversity antenna that is coupled to the radio trans-
ceiver section. The three-fold diversity antenna compris-
es a slot-loaded patch, and a radiation member that is
electromagnetically coupled to the slot-loaded patch.
The radiation member extends through a plane of the
slot-loaded patch.

[0009] The radiation member may be disposed at a
substantially right angle to the plane of the slot-loaded
patch. The slot-loaded patch may comprise a pair of in-
tersecting slots that extend through a planar conductive
layer, with the intersecting slots being disposed at a sub-
stantially right angle to each other. The radiation member
may terminate at one end within a central portion of the
slot-loaded patch, such that the one end is physically
isolated from the slot-loaded patch.

[0010] In one implementation, the slot-loaded patch
comprises a cross-slot-shaped through-hole that ex-
tends through the planar conductive layer. The radiation
member comprises a monopole that extends between a
feed point and a centre of the cross-slot-shaped through-
hole. The monopole may comprise a ground plane, and
an elongate conductor that extends from the ground
plane and terminates in the centre of the cross-slot-
shaped through-hole. The ground plane may be substan-
tially parallel to the planar conductive layer, with the elon-
gate conductor being disposed at a substantially right
angle to the planar conductive layer and the ground
plane.

[0011] As will become apparent, the three-fold polari-
zation diversity antenna has a simple compact structure.
The antenna also provides good isolation between the
polarized components, and may be used in WLAN net-
works.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Sample embodiments of the three-fold polari-
zation diversity antenna and the wireless communica-
tions device will now be described, with reference to the
accompanying drawings, in which:

Fig. 1 is a schematic diagram depicting certain func-
tional components of the wireless communications
device, including the three-fold polarization diversity
antenna;
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Fig. 2a is a top perspective view of the three-fold
polarization diversity antenna, depicting the slot-
loaded patch, and the radiation member;

Fig. 2b is a side elevation of the three-fold polariza-
tion diversity antenna;

Fig. 3 depicts the measured return loss for a WLAN
embodiment of the three-fold polarization diversity
antenna;

Fig. 4 depicts the radiation pattern of the three-fold
polarization diversity antenna of Fig. 3; and

Fig. 5 depicts the efficiency of the three-fold polari-
zation diversity antenna of Fig. 3.

DETAILED DESCRIPTION

[0013] Turning now to Fig. 1, there is shown a wireless
communications device 100 that is configured to operate
within a wireless network. Preferably, the communica-
tions device 100 is a two-way wireless communications
device. Depending on the exact functionality provided,
the wireless communications device 100 may be config-
ured as a wireless base station, a portable wireless mo-
dem, or a wireless data communication device, as ex-
amples.

[0014] As shown, the wireless communications device
100 includes a communication subsystem 102, and a
data processing system 104 that is coupled to the com-
munication subsystem 102. The communication subsys-
tem 102 performs communication functions, and in-
cludes a wireless transmitter 106, a wireless receiver
108, and an internal antenna 200, a local oscillator (LOs)
110 and a digital signal processor (DSP) 112 connected
to the transmitter 106 and the receiver 108.

[0015] Preferably, the internal antenna 200 is a wide-
band antenna that is configured for use with one or more
of the application bands that are available within the wire-
less network. More preferably, the internal antenna 200
is configured for use within a WLAN (IEEE 802.11x) net-
work. The internal antenna 200 will be discussed in detail
below, with reference to Figs. 2 to 5.

[0016] The data processing system 104 comprises a
microprocessor 114, a flash memory 116 and a data port
118. The flash memory 116 includes signal processing
instructions for the DSP 112, and may also include com-
puter processing instructions for the microprocessor 114.
The computer processing instructions, when accessed
from the flash memory 116 and executed by the micro-
processor 114 define an operating system that controls
the overall operation of the communications device 100.
Alternately, the data processing system 104 may also
include a volatile memory (RAM) 120. The computer
processing instructions may be copied from the flash
memory 116 into the RAM 120, and then accessed from
the RAM 116 and executed by the microprocessor 114.
[0017] The data port 118 interfaces the wireless com-
munications device 100 with a communications network,
such as a wired or wireless local area network (LAN) or
wide area network (WAN). Data packets that are received
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at the data processing system 104 from the communica-
tions network via the data port 118 are transferred by the
operating system to the communication subsystem 102
fortransmission as wireless electromagnetic signals over
the wireless network. Wireless electromagnetic signals
to be transmitted over the wireless network are proc-
essed by the DSP 112 and input to the transmitter 106
for digital to analog conversion, frequency up conversion,
and transmission over the wireless network via the inter-
nal antenna 200.

[0018] Conversely, wireless electromagnetic signals
that are received by the internal antenna 200 from the
wireless network are input to the receiver 108, which per-
forms common receiver functions such as frequency
down conversion, and analog to digital (A/D) conversion,
in preparation for more complex communication func-
tions performed by the DSP 112. Data packets that are
received at the data processing system 104 from the DSP
112 are transmitted by the operating system over the
communications network via the data port 118.

[0019] Although the communication subsystem 102 is
depicting in Fig. 1 having only one transmitter 106 and
one receiver 108, the communication subsystem 102
may include additional transmitters and/or receivers, de-
pending upon the range of frequency bands over which
communication is desired. Similarly, although the com-
munication subsystem 102 is depicted in Fig. 1 with one
antenna 200, it should be understood that the wireless
communications device 100 may instead comprise two
or more of the antennas 200. Further, if the communica-
tion subsystem 102 includes more than one DSP 112,
the signals transmitted and received by the additional
transmitter(s)/receiver(s) would preferably be processed
by a different DSP than the transmitter 106 and the re-
ceiver 108.

[0020] Figs. 2a and 2b depict the preferred structure
of the three-fold polarization diversity antenna 200. The
antenna 200 comprises a slot-loaded patch antenna
structure 202, and a radiation member 204 that is elec-
tromagnetically coupled to the patch antenna structure
202. The patch antenna structure 202 comprises a con-
ductive layer 206, and a slot-shaped aperture that ex-
tends through the conductive layer 206. The conductive
layer 206 typically is substantially planar, and may have
a substantially square planar shape. Alternately, the con-
ductive layer 206 may have rectangular, elliptical or cir-
cular planar shape. Further, the conductive layer 206
need not be planar, but may have an arcuate shape.
[0021] As shown, the slot-shaped aperture may com-
prise a pair of elongate linear intersecting slots 208a,
208b that extend through the conductive layer 206, be-
tween the upper and lower surfaces thereof, thereby
forming a cross-slot-shaped through-hole in the conduc-
tive layer 206. Preferably, the intersecting slots 2083,
208b are disposed at a substantially right angle to each
other. However, other orientations of the intersecting
slots 208a, 208b may be adopted. Forinstance, the patch
antenna structure 202 may comprise a single slot; or may



5 EP 2178 169 A1 6

comprise three linear intersecting slots oriented 120° with
respect to each other.

[0022] The radiation member 204 extends through a
plane of the slot-loaded patch. Preferably, the radiation
member 204 is disposed at a substantially right angle to
the plane of the slot-loaded patch. Further, the radiation
member 204 is configured as a grounded monopole, and
comprises a planar ground plane 210, and an elongate
conductor 212. The elongate conductor 212 is physically
isolated from the ground plane 210, and extends from
the ground plane 210, terminating proximate the centre
portion of the slot-shaped aperture, between the upper
and lower surfaces of the conductive layer 206. With this
configuration, the field distributions produced by the an-
tenna will be symmetric. Alternately, however, for non-
symmetric field distributions, the elongate conductor 212
may terminate at a position that is off-centre. Preferably,
the elongate conductor 212 extends vertically upwards
through the ground plane 210 towards the slot-shaped
aperture, from a feed point 214 that is disposed below
the ground plane 210.

[0023] The antenna 200 may include a dielectric sub-
strate (not shown) that is disposed between the conduc-
tive layer 206 and the ground plane 210. In this imple-
mentation, the conductive layer 206 and the ground plane
210 are disposed on opposite faces of the dielectric sub-
strate. Further, the dielectric substrate is configured with
athrough-hole through which the elongate conductor 212
extends between the ground plane 210 and the conduc-
tive layer 206.

[0024] As shown, the ground plane 210 may be orient-
ed substantially parallel to the planar conductive layer
206. With this configuration, the elongate conductor 212
is disposed at a substantially right angle to the planar
conductive layer 206 and the ground plane 210. Alter-
nately, however, the planar conductive layer 206 may be
inclined relative to the ground plane 210 atan angle other
than a right angle.

[0025] The end of the elongate conductor 212 that is
opposite the feed point 214 ("terminal end") may be dis-
posed within the region 216 of the intersection of the in-
tersecting slots 208a, 208b, between the upper and lower
surfaces of the slot-loaded patch. Alternately, the termi-
nal end may be disposed above the upper surface of the
slot-loaded patch. The terminal end of the elongate con-
ductor 212 is physically isolated from the slot-loaded
patch. As a result, the radiation member 204 is electro-
magnetically coupled to the slot-loaded patch.

[0026] Alternately, the radiation member 204 may be
configured as adipole that is electromagnetically coupled
at the opposite ends thereof to respective patch antenna
structures 202. As in the previous example, the radiation
member 204 may comprise an elongate member whose
opposite ends are physically isolated from the slot-loaded
patches and terminate proximate the centre portion of
the respective slot-shaped apertures.

[0027] As discussed above, the communication sub-
system 102 may be provided with a plurality of the an-
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tennas 200. In a preferred implementation, the conduc-
tive layer 206 comprises a plurality of slot-shaped aper-
tures that are disposed uniformly on a common planar
conductive layer 206. In this variation, the antennas 200
may be disposed uniformly over the conductive layer 206,
thereby providing a planar antenna array. Alternately, the
conductive layer 206 may have a cylindrical configura-
tion, with the plurality of slot-shaped apertures being dis-
posed uniformly over the cylindrical conductive layer 206.
In this latter variation, preferably each radiation member
204 is disposed at a substantially right angle to the plane
of the associated slot-shaped aperture, at the centre por-
tion of the associated slot-shaped aperture.

[0028] As is known to persons of skill in the art, the
length of a conventional monopole is one-quarter of the
wavelength of the fundamental. However, due to the
electromagnetic coupling between the radiation member
204 and the slot-loaded patch, the length of the elongate
conductor 212 is less than one-quarter of the wavelength
(when the radiation member 204 is configured as a
grounded monopole). As a result, the height of the an-
tenna 200 may be less than a conventional monopole
antenna having the same minimum resonant frequency.
Further, the antenna 200 does not exhibit the power loss
that would otherwise occur if the radiation member 204
was electrically connected to the slot-loaded patch.
[0029] As is also known to persons of skill in the art,
the electric field of a conventional monopole is polarized
in the direction of the monopole. Therefore, the electric
field of the antenna 200 includes a vertically-polarized
electric field. However, due to the electromagnetic cou-
pling between the radiation member 204 and the slot-
loaded patch, the radiation member 204 induces electric
currents in the slot-loaded patch. Since the intersecting
slots 208a, 208b of the slot-loaded patch are disposed
at a substantially right angle to each other, the electro-
magneticfield produced by the antenna 200 also includes
two perpendicular horizontally-polarized electric fields.
As a result, the electromagnetic field produced by the
antenna 200 has three orthogonal polarized electric fields
(i.e. three-fold polarization diversity).

[0030] Fig. 3 depicts the measured return loss for one
implementation of the antenna 200. In this implementa-
tion, the conductive layer 206 and the ground plane 210
are substantially square, and the dimensions of the an-
tenna 200 are as follows:

Ly =75mm

L, =23 mm

L; =28 mm

W= 1.5 mm

H=10mm
where:

L, is the length of each side of the ground plane 210;
L, is the length of each side of the conductive layer
206;
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L5 is the length of each of the intersecting slots 208a,
208b;

W is the width of each of the intersecting slots 208a,
208b; and

H is the length of the elongate conductor 212.

[0031] As shown, the frequency range of the antenna
200 covers WLAN IEEE 802.11 b/g (4.9 - 6 GHz).
[0032] Fig. 4 depicts the radiation pattern of the fore-
going implementation of the antenna 200, measured at
5.5 GHz. As shown, at this WLAN frequency the electro-
magnetic field of the antenna 200 has two perpendicular
horizontally-polarized electric fields, with good isolation
between the electric fields.

[0033] Fig. 5 depicts the efficiency of the foregoing im-
plementation of the antenna 200. As shown, the antenna
200 exhibits good efficiency across the WLAN band, not-
withstanding the multiple polarization diversity of the an-
tenna 200.

Claims

1. A three-fold polarization diversity antenna compris-
ing:

a slot-loaded patch comprising a slot extending
through a conductive layer; and

a radiation member electromagnetically cou-
pled to the slot-loaded patch, the radiation mem-
ber extending through a plane of the slot-loaded
patch.

2. Thethree-fold polarization diversity antenna accord-
ing to Claim 1, wherein the radiation member is dis-
posed at a substantially right angle to the plane of
the slot-loaded patch.

3. Thethree-fold polarization diversity antenna accord-
ing to Claim 1 or Claim 2, wherein the slot-loaded
patch comprises a pair of intersecting slots extending
through a planar conductive layer, the intersecting
slots being disposed at a substantially right angle to
each other.

4. Thethree-fold polarization diversity antenna accord-
ing to Claim 1, wherein the radiation member termi-
nates at one end within a central portion of the slot-
loaded patch, the one end being physically isolated
from the slot-loaded patch.

5. Thethree-fold polarization diversity antenna accord-
ing to Claim 1, wherein the slot-loaded patch com-
prises a cross-slot-shaped through-hole extending
through a planar conductive layer.

6. Thethree-fold polarization diversity antenna accord-
ing to Claim 5, wherein the radiation member com-
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prises a monopole that extends between a feed point
and a centre of the cross-slot-shaped through-hole.

7. Thethree-fold polarization diversity antenna accord-
ing to Claim 5, wherein the monopole comprises a
ground plane, and an elongate conductor that ex-
tends from the ground plane and terminates in a cen-
tre of the cross-slot-shaped through-hole.

8. Thethree-fold polarization diversity antenna accord-
ing to Claim 7, wherein the ground plane is substan-
tially parallel to the planar conductive layer.

9. Thethree-fold polarization diversity antenna accord-
ing to Claim 8, wherein the elongate conductor is
disposed at a substantially right angle to the planar
conductive layer and the ground plane.

10. A wireless communications device comprising:

a radio transceiver section; and
a three-fold polarization diversity antenna ac-
cording to any one of Claims 1 to 9.

11. The communications device according to Claim 10,
configured as a wireless base station.

Amended claims in accordance with Rule 137(2)
EPC.

1. A three-fold polarization diversity antenna com-
prising:

a slot-loaded patch antenna structure compris-
ing a slot extending through a conductive layer;
and

a radiation member electromagnetically cou-
pled to the slot-loaded patch antenna structure,
the radiation member extending through a plane
of the slot-loaded patch antenna structure.

2. The three-fold polarization diversity antenna ac-
cording to Claim 1, wherein the radiation member is
disposed at a substantially right angle to the plane
of the slot-loaded patch antenna structure.

3. The three-fold polarization diversity antenna ac-
cording to Claim 1 or Claim 2, wherein the slot-loaded
patch antenna structure comprises a pair of inter-
secting slots extending through a planar conductive
layer, the intersecting slots being disposed at a sub-
stantially right angle to each other.

4. The three-fold polarization diversity antenna ac-
cording to Claim 1, wherein the radiation member
terminates at one end within a central portion of the
slot-loaded patch antenna structure, the one end be-
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ing physically isolated from the slot-loaded patch an-
tenna structure.

5. The three-fold polarization diversity antenna ac-
cording to Claim 1, wherein the slot-loaded patch
antenna structure comprises a cross-slot-shaped
through-hole extending through a planar conductive
layer.

6. The three-fold polarization diversity antenna ac-
cording to Claim 5, wherein the radiation member
comprises a monopole that extends between a feed
point and a centre of the cross-slot-shaped through-
hole.

7. The three-fold polarization diversity antenna ac-
cording to Claim 5, wherein the monopole comprises
a ground plane, and an elongate conductor that ex-
tends from the ground plane and terminates in a cen-
tre of the cross-slot-shaped through-hole.

8. The three-fold polarization diversity antenna ac-
cording to Claim 7, wherein the ground plane is sub-
stantially parallel to the planar conductive layer.

9. The three-fold polarization diversity antenna ac-
cording to Claim 8, wherein the elongate conductor
is disposed at a substantially right angle to the planar
conductive layer and the ground plane.

10. A wireless communications device comprising:
a radio transceiver section; and
a three-fold polarization diversity antenna ac-

cording to any one of Claims 1 to 9.

11. The communications device according to Claim
10, configured as a wireless base station.
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