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(54) Abstract Title
Multiband PIFA patch antenna for vehicles

(57) A multiband PIFA-type antenna for installation in a vehicle has first, second and third elongated patch

elements spaced apart from, and extending generally parallel to, a ground plane. The first and second patch
elements each have a respective shorting pin connecting it to the ground plane, and the third patch element
has a feed probe for supplying signals to, or receiving signals from, the antenna. The third patch element is

capacitively coupled to the first and second patch elements such that the antenna exhibits resonances tuned to
at least two microwave frequency bands: at one frequency, one patch resonates, whilst at the other frequency

both patches resonate together. This second resonant frequency can be broad. In one embodiment, the
antenna is capable of being tuned to the GSM900 900MHz band at one resonance and to both the DCS1800

1.8GHz and UNITS 2.0GHz bands at another resonance.

10

Patch - A

Figure 1:Triple Band PIFA

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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~ Figure 1:Triple Band PIFA
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MULTIBAND PIFA-TYPE ANTENNA FOR VEHICULAR APPLICATIONS

The invention relates to a multiband antenna, and more
particularly (but not exclusively) to a Printed Inverted-F
Antenna (PIFA) -type for use in vehicular applications.

PIFA-type antennas have become very popular for mobile
phone applications in recent years. They have the advantages
of being easy to design and easily modifiable to produce
omnidirectional patterns in the polar azimuth planes, and
are also not subject to inherent bandwidth limitations of
other microstrip antennas. Although they have been used in
many types of mobile phones, they tend to rely more on the
receiver’s sensitivity than intrinsic bandwidth. This is
associated with the shorting pins/planes found with PIFAs,
which tend to produce very high reactance that makes it
difficult to take full advantage of the bandwidth. As a new
era is entered in mobile communications, it is essential for
mobile phone antennas to be able to operate in all three
frequency bands of interest to such phones (GMS900, DCS1800
and UMTS). During roaming, mobile phones need to be able to
"camp" on any network, giving the user the benefit of
constant high-quality coverage. This is a heavy requirement
for antennas in terms of bandwidth and multi-band operation.

One object of the preferred embodiment of the subject
invention is to describe a triple-patch PIFA antenna that
allows satisfactory camping at all three frequency bands of
interest.

The PIFA of the subject invention is a capacitively-fed
three-patch antenna. It is basically a dual-band antenna
but, since the DCS-1800 and UMTS (1920 to 2175 MHz) bands
are adjacent, it has been designed that the upper resonance

covers both those upper bands -- making it, in effect, a
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tri-band antenna.

The high bandwidth requirements are met by elevating
the patch elements of the antenna at a suitable height above
the ground plane. This results in the input impedance being
highly inductive. One way of compensating for this high-
inductance impedance is to feed the antenna capacitively via
a strip-line. Although this approach compensates for the
high inductance, the fabrication process is complicated and
overall cost of the antenna correspondingly increased.

It is another object of the preferred embodiment of the
subject invention is to describe a PIFA that has comparable
compensation for high-inductance impedance to a conventional
antenna but is cheaper to produce.

The invention is a multiband antenna for installation
in a vehicle, comprising a ground plane, first and second
elongated patch elementsvspaced apart from and extending
generally parallel to the ground plane, each patch element
having a respective shorting pin connecting it to the ground
plane, and a third patch element having a feed for supplying
and/or receiving signals to or from the antenna, the third
patch element being capacitively coupled to the first and
second patch elements, the antenna exhibiting resonances
tuned to at least two microwave radio bahds.

The antenna may exhibit a resonance associated with the
first patch element and a resonance associated with both the
first and second patch elements. The resonance associated
with the first patch element may encompass the GSM900 900MHz
band, and the resonance associated with both the first and
second patch elements may encompass the DCS1800 1.8GHz and
UMTS 2.0GHz bands.

Preferably, the first and second patch elements are

coplanar, and may be oriented such that the longitudinal
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centreline of one is substantially in-line with that of the
other. Respective first ends of the first and second patch
elements may be proximate and separated from each other by
a gap having a width less than approximately one-tenth of
the length of the shorter of the first and second patch
elements. The shorting pins may respectively connect to the
first and second patch elements at respective second ends of
the patch elements, and at positions that are proximate a
side edge on the same side of the longitudinal centreline of
those patch elements. |

The third patch element may be coplanar with the first
and second patch elements. The third patch element may be
positioned proximate one side edge of the first and second
patch elements and be oriented such that its longitudinal
centreline extends generally normal to that of the first and
second patch elements. The one side of the first and second
patch elements may be the side opposite to the side on which
the shorting pins connect to the respective first and second
patch elements. The third patch element may be positioned
relative to the first and second patch elementé such that a
projection of the longitudinal centreline of the third patch
element extends from a first end of the third patch element
through the gap separating the proximate first ends of the
first and second patch elements. The first end of the third
patch elemént may be separated from the one edge of the
first and second patch elements by a gap having a width less
than approximately one-tenth of the length of the third
patch element.

The first patch element may be approximately three
times as long as the second patch element. The first and
second patch elements may be sized so as to have approxi-

mately the same width, with the length/width ratio of the
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first patch element being approximately ten, and the length/
width ratio of the second patch element being approximately
three. The distance between the three patch elements and
the ground plane may be approximately 20mm.

The space between the ground plane and the three patch
elements may be an air gap or filled with a foamed dielec-
tric or a solid dielectric.

In one configuration, the first patch element may be
approximately 45.5mm long and approximately 4.7mm wide, the
second patch element may be approximately 16mm long and
approximately 4.7mm wide, and the third patch element may be
approximately 1llmm long and approximately 7mm wide.

Preferred features of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:-

Figure 1 is a perspective view of a triple-band PIFA of
the preferred embodiment of the subject invention;

Figure 2 is the surface current distribution at 900 MHz -
for the triple-band PIFA of the preferred embodiment;

Figure 3 is the surface current distribution at 1800
MHz for the triple-band PIFA of the preferred embodiment;

Figure 4 is the surface current distribution at 2100
MHz for the triple-band PIFA of the preferred embodiment;

Figure 5 is the measured S11 return loss as a function
of frequency for the triple-band PIFA of the preferred
embodiment ;

Figure 6 illustrates the polar azimuth radiation pat-
tern for the triple-band PIFA of the preferred embodiment in
the GMS900 frequency band;

Figure 7 illustrates the polar azimuth radiation pat-
tern for the triple-band PIFA of the preferred embodiment in
the DCS1800/UMTS dual-frequency band; and,
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Figure 8 illustrates the polar azimuth radiation pat-
tern for a conventional A/4 monopole antenna.

With respect to Figure 1, the antenna of the preferred
embodiment is generally designated 10, and is comprised of
three coplanar patch elements A, B and C, a ground member
12, and three legs 14, 16 and 18 respectively supporting
patch elements A, B and C in parallel, spaced relationship
with the ground member 12. The two legs 14 and 16 are
20.8mm-long shorting pins of 1.2mm tinned wire, while the
third leg 18 is a feed probe that is a standard SMA con-
nector. Patch element A is 45.5mm long and 4.7mm wide,
patch element B is 16.0mm long and 4.7mm wide, and patch
element C is 7.0mm long (length being measured in the same
direction as the length of patches A and B) and 11.0mm wide.
The space between ground plane 12 and patch elements A, B
and C is filled with 20mm of air foam and a 0.8mm FR4 layer
(e,=4.5).

The GSM900 900MHz resonant frequency band is associated
with the presence of patch elements A and C only, while the
DCS1800/UMTS dual-frequency band is associated with the
presence of all three patch elements A, B and C. Shorting
pins 14 and 16 have the important function of causing sym-
metrical radiation (omnidirectional) in the polar azimuth
plane. Pin 14 is connected to a corner of patch element A
that is diagonally across from that one of the corners of
patch element A that is closest to patch element C; pin 16
is connected to a corner of patch element B that is dia-
gonally across from that one of the corners of patch element
B that is closest to patch element C. The feed probe 18 is
connected to a central position on patch element C. A gap
20 that separates proximate first ends of patch elements A

and B is 1.2mm wide, while a gap 22 separating a first end
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of patch element C from the adjacent sides of patch elements
A and B is 0.5mm wide.

Figures 2, 3 and 4 illustrate surface current distribu-
tions that result when signals at 0.9 GHz, 1.8GHz and 2GHz
are received or transmitted from the antenna. Both shorting
pins 14 and 16 are excited at the upper bands, while at 900
MHz only pin 14 1is excited. This gives rise to vertical
polarised symmetrical waves in the azimuth plane.

Measured return loss is shown in Figure 5. There is a
first narrow dip in the curve at 0.9GHz for the GSM900 band,
and a broader one centred on 1.9GHz for the DCS1800/UMTS
dual frequency band. At -12dBm, the broader band extends
from approximately 1.8GHz to 2.1GHz, which is sufficient to
cover both the DCS1800 and UMTS bands. The GSM900 band is
not very well-matched; however, this is not a problem since
the antenna is very sensitive in that band.

The polar azimuth radiation patterns of the antenna at
the two frequency bands of interest (GMS900 and DCS1800/
UMTS) were measured and compared with those of a quarter-
wavelength monopole. The respective results are shown in

Figures 6, 7 and 8, and are also set out in the following

table:
Frequenc GHz Antenna (dBm) Monopole (dBm)
Min Max Min Max
0.900 -27.7 -23.2 -23.1 -21.1
1.700 -34.8 -25.8 -28.3 -27.2
2.100 -46.8 -34.1 -37.5 -35.8

The maximum levels of radiation are of the same order
in both cases. The differences in the minimum are due to an

egg-shaped pattern of the antenna.
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Although the bandwith of the antenna of the invention
is smaller compared with that of a quarter-wavelength mono-
pole at the GSM900 band, their sensitivity is of the same
order. However, the antenna of the invention has advantages
in being a low-profile antenna having a height of only 2.1lcm
compared to the 8cm-height of the monopole, and in combining
three antennas into a single design, suitable for rooftop
mounting.

While the present invention has been described in its
preferred embodiment, 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 claims.
For instance, the patch elements A, B and C need not neces-
sarily be coplanar, but could each be in a separate plane
closely spaced from the others. Also, the patch elements
could overlap each other slightly in their separate planes
to create the same effect as the slight gap spacing between
them described in the preferred embodiment.

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

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

A multiband PIFA-type antenna for installation in a
vehicle has first, second and third elongated patch elements
spaced apart from, and extending generally parallel to, a
ground plane. The first and second patch elements each have
a respective shorting pin connecting it to the ground plane,
and the third patch element has a feed probe for supplying

signals to, or receiving signals from, the antenna. The
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third patch element is capacitively coupled to the first and
second patch elements such that the antenna exhibits reson-
ances tuned to at least two microwave frequency bands. In
one embodiment, the antenna is capable of being tuned to the
GSM900 900MHz band at one resonance and to both the DCS1800
1.8GHz and UMTS 2.0GHz bands at another resonance.



What is claimed is:

1. A multiband antenna for installation in a vehicle,
comprising a ground plane, first and second elongated patch
elements spaced apart from and extending generally parallel
to the ground plane, each patch element having a respective
shorting pin connecting it to the ground plane, and a third
patch element having a feed for supplying and/or receiving
signals to or from the antenna, the third patch element
being capacitively coupled to the first and second patch
elements, the antenna exhibiting resonances tuned to at

least two microwave frequency bands.

2. A multiband antenna according to claim 1, wherein
the antenna exhibits a first resonance associated with the
first patch element and a second resonance associated with

both the first and second patch elements.

3. A multiband antenna according to claim 2, wherein
the first resonance encompasses the GSM900 S00MHz band, and
the second resonance encompasses the DCS1800 1.8GHz and UMTS

2.0GHz bands.

4. A multiband antenna according to claim 1, wherein

the first and second patch elements are coplanar.

5. A multiband antenna according to claim 4, wherein
the first and second patch elements are oriented such that
the longitudinal centreline of one is substantially in-line

with that of the other.

6. A multiband antenna according to claim 5, wherein
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respective first ends of the first and second patch elements
are proximate, and separated from each other by a gap having
a width less than approximately one-tenth of the length of

the shorter of the first and second patch elements.

7. A multiband antenna according to claim 6, wherein
the shorting pins respectively connect to the first and
second patch elements at the respective second ends of the

patch elements.

8. A multiband antenna according to claim 7, wherein
the shorting pins connect to the respective first and second
patch elements proximate a side edge on the same side of the

longitudinal centreline of those patch elements.

9. A multiband antenna according to claim 8, wherein
the third patch element is coplanar with the first and

second patch elements.

10. A multiband antenna according to claim 9, wherein
the third patch element is positioned proximate one side
edge of the first and second patch elements and is oriented
such that its longitudinal centreline extends generally

normal to that of the first and second patch elements.

11. A multiband antenna according to claim 10, wherein
the one side of the first and second patch elements is the
side opposite to the side on which the shorting pins connect

to the respective first and second patch elements.

12. A multiband antenna according to claim 11, wherein

the third patch element is positioned relative to the first



- 11 -
and second patch elements such that a projection of the
longitudinal centreline of the third patch element extends
from a first end of the third patch element through the gap
separating the proximate first ends of the first and second

patch elements.

13. A multiband antenna according to claim 12, wherein
the first end of the third patch element is separated from
the one edge of the first and second patch elements by a gap
having a width less than approximately one-tenth of the

length of the third patch element.

14. A multiband antenna according to any preceding
claim, wherein the first patch element is approximately

three times as long as the second patch element.

15. A multiband antenna according to any preceding
claim, wherein the first and second patch elements have
approximately the same width, the length/width ratio of the
first patch element is approximately ten, and the length/
width ratio of the second patch element is approximately

three.

16. A multiband antenna according to any preceding
claim, wherein the distance between the three patch elements

and the ground plane is approximately 20mm.

17. A multiband antenna according to any preceding
claim, wherein the space between the ground plane and the
three patch elements is filled with a foamed and/or solid

dielectric.
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18. A multiband antenna according to any preceding
claim, wherein the first patch element is approximately
45.5mm long and approximately 4.7mm wide, the second patch
element is approximately 16mm long and approximately 4.7mm
wide, and the third patch element is approximately 1lmm long

and approximately 7mm wide.

19. A multiband antenna substantially as herein des-
cribed with reference to and as shown in the accompanying

drawings.
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