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(57) ABSTRACT

An antenna device includes a first and a second internal
antenna element and a common ground plane. The first
clement has an upper and a lower end portion. The first
antenna element 1s adapted for use with a cellular mobile
phone system and the second antenna element 1s adapted for
use with a GPS system. To that end, the second element 1s
clongated and adapted to receive circularly polarized radio
signals by operation with linear polarization. This provides
for a compact antenna device adapted for use with more than
one communication system.

27 Claims, 2 Drawing Sheets
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ANTENNA DEVICE, A COMMUNICATION

DEVICE INCLUDING SUCH AN ANTENNA

DEVICE AND A METHOD OF OPERATING
THE COMMUNICATION DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE TO RELATED
APPLICATIONS

The present mvention i1s related to, and claims priority
from, Swedish Patent Application No. 9904154-3, filed Nov.

17, 1999, the entire contents of which are hereby incorpo-
rated by reference 1n 1ts entirety for all purposes.

FIELD OF INVENTION

The present invention relates generally to an antenna
device and more particularly to [a combined] an antenna
device including an internal global positioning system
(GPS) antenna [and at least one internal antenna for cellular
radio communication].

BACKGROUND

The use of a Global Positioning System(GPS)for deter-
mimng the position of a terminal (such as a mobile phone)
1s 1ncreasing. GPS typically uses electromagnetic waves
with circular polarization and a center frequency of 1.575
GHz. Today, the terminal 1s often a dedicated GPS terminal
with an antenna arrangement adapted for GPS communica-
tion. The antenna 1s often a patch or quadrifilar helical
antenna.

However, these types of antennas occupy a large space,
especially the helical antenna. Also, a patch antenna has a
considerable extension 1n two dimensions, making 1t dith-
cult to place on a small substrate. It also requires a ground
plane separated from the patch and being larger than the
patch element.

The use of mobile phones and multi-purpose communi-
cation devices 1s increasing. Among the cellular mobile
phone systems 1n use today can be mentioned the GSM
system, using linearly polarized electromagnetic waves

belonging to frequency bands of 900, 1800 or 1900 MHz,
and the CDMA, JPC and AMPS systems.

There 1s a desire to integrate the functions of the GPS and
the mobile phone systems into one terminal, 1.e., a hand-
portable radio communication device with a GPS function as
well. However, the competing desire to make mobile phones
compact poses special problems when designing the antenna
arrangement adapted for use with both systems.

It 1s known antenna arrangements including a vehicle
antenna for satellite navigation and for mobile radio com-
munication. In one conventional device an arrangement
including both a GPS antenna and an antenna working in the
GSM bands. However, this arrangement 1s a flat-topped
antenna apparatus mtended for arrangement on a conducting
surface. The radiating and recerving elements of the different
antennas are arranged essentially parallel to each other and
in different planes.

In another conventional device a radio communication
device mcluding a conventional cellular antenna and a GPS
antenna 1n the form of a helical antenna are placed in an
clongated antenna holder resembling a conventional rod
antenna. The helical antenna i1s spaced apart from the
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terminal body by a communicating section in the antenna
holder. Alternatively, this device uses a patch-like antenna
clement 1n the upper part of the terminal body mounted on
a flat substrate. On the underside of the substrate 1s a ground
plane for the patch-like antenna element. This configuration
1s not suited for use with a portable radio communication
device, such as a mobile phone, due to 1s space-demanding
coniiguration.

What 1s needed, therefore, 1s an antenna device for use in
a terminal that overcomes the shortcomings of conventional
devices described above.

SUMMARY OF THE INVENTION

The present invention 1s therefore directed to an antenna
device, a communication device including the antenna
device and a method of operating and the communication
device that substantially overcomes one or more of the
problems due to the limitations and disadvantages noted
above.

An object of the present invention is to provide a compact
antenna device including an antenna for circularly polar-
ized electromagnetic waves, such as for the GPS system.

An object of the present invention 1s to provide a compact
antenna device including both an antenna for circularly
polarized electromagnetic waves, such as for the GPS
system, and at least one antenna for linearly polarized
clectromagnetic waves, such as for cellular mobile tele-
phone systems.

Another object 1s to provide a radio communication
device incorporating an antenna arrangement operating both
with linearly and circularly polarized radio signals.

Still another object 1s to provide a method of operating a
portable radio communication device having a first and a
second antenna element.

The mvention 1s based on the realization that an elongated
clement can be used as an antenna for receiving circularly
polarized electromagnetic waves, such as those used 1n the
GPS system, and that a common ground plane can be used
tor embodiments of the invention having antennas operating
with different kinds of polarization.

To achieve the above and other objects, an antenna device
disposed in a terminal is disclosed, having [a first antenna
clement adapted to transmit and receive electromagnetic
waves and second] ar antenna element that is elongated and
is adapted solely to receive circularly polarized radio signals
by operation with linear polarization.

These and other objects of the present invention will
become more readily apparent from the detailed description
given heremaiter. However, it should be understood that the
detailed description and specific examples, while indicating
the preferred embodiments of the invention, are given by
way ol 1illustration only, since various changes and modifi-
cations within the spirit and scope of the invention will
become apparent to those skilled 1n the art from this detailed
description.

BRIEF DESCRIPTION OF DRAWINGS

The invention 1s best understood from the following
detailed description when read with the accompanying
drawing figures. It 1s emphasized that the various 1llustrated
features are not necessarily drawn to scale. In fact, the
dimensions may be arbitrarily increased or decreased for
clarity of discussion. It 1s emphasized that the various
features are not necessarily drawn to scale. In fact certain
features may be increased or decreased in dimension for
clarity of discussion.
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FIG. 1 1s a perspective view of an antenna device accord-
ing to an exemplary embodiment of the invention;

FIG. 2 1s an elevation view of the device of FIG. 1;

FIG. 3 1s an end view of the device of FIG. 1; and
FIG. 4 1s a plan view of the device of FIG. 1.

FIGS. § and 6 are end views of the device of FIG. 1
having a strip shape, and a meander shape, respectively.

DETAILED DESCRIPTION OF TH.
ILLUSTRATIVE EMBODIMENTS

(Ll

In the following description, for purposes of explanation
and not limitation, exemplary embodiments disclosing spe-
cific details are set fourth in order to provide a thorough
understanding of the present invention. However, 1t will be
apparent to one skilled 1n the art that the present invention
may be practiced in other embodiments that depart from
these specific details. In this disclosure it 1s to be understood
that the antenna device of the invention 1s operable to
transmit and/or receive electromagnetic signals. Even 1f a
term 1s used herein that suggests one specific signal direction
it 1s to be appreciated that such a situation can cover that
signal direction and/or 1ts reverse, unless specifically stated
otherwise.

Referring mitially to FIGS. 1 and 2 an antenna device 1
including a member 10 for supporting radiating elements
according to an 1llustrative embodiment of the present
invention 1s shown. The member 10 1s generally flat dielec-
tric support and 1s provided with a fold giving it a shape
resembling an L. when viewed from the side. Mounting
clements (not shown) are provided for attaching the member
10 to a generally planar PCB 20 of a portable communica-
tion device (terminal), such as a portable mobile phone. The
PCB 20 1s provided with relatively large conducting portions
22 functioning as a ground plane or ground conductor of the
antenna device. (Herein the terms conductive portion 22,
ground plane 22 and ground conductor 22 may be used
interchangeably). The ground plane 1s provided with an
upper end portion 22a and a lower end portion 22b. The
references to “upper’ and “lower” refer to the general
orientation of the device during operation.

The upper surface of the device 10 as 1s provided with a
first antenna element 12 functioning as a {irst radiating and
receiving element of a cellular mobile phone antenna, the
ground plane thereol being the conductive portion 22 (or
ground plane or ground conductor). The {first antenna ele-
ment 12 1s i1llustratively an electrically conducting layer and
1s provided with an upper end portion 12a and a lower end
portion 12b. The first antenna element 12 and the conducting,
portion or ground plane 22 are positioned in essentially
mutually parallel planes and separated by a predetermined
distance d1. The first antenna element 12 has a feed portion
(not shown) and 1s connected to the ground plane by of
ground connection elements (not shown). Illustratively, this

forms a Planar Inverted R Antenna (PIFA).

As shown 1 FIGS. 2 and 3, the folded portion of the
member 10 includes a rectangular substrate on which a
second antenna element 14, which 1s 1llustratively an elec-
trically conducting layer. The second antenna element 14 has
an elongated shape and 1s provided with a feed element (not
shown) at one end thereof.

The second antenna element 14 1s provided at a distance
d3 from the upper end portion 12a of the {irst antenna
clement 12. The mutual distances of the first and second
antenna eclements 12, 14 and the ground plane 22 are
important to the performance of the antenna device.
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[lustratively, the distance d1 between the ground plane 22
and the first antenna element 12 1s shorter than the distance
d3 between the first and second antenna elements 12, 14.
Moreover, the distance d2 between the ground plane and the
second antenna element 14 1s shorter than the distance d3
between the first and second antenna elements 12, 14.

Second element 14 1t has been found to function well as
a recerving GPS antenna element, 1.e., as an element for
receiving circularly polarized waves. As 1s seen in FIG. 2,
the antenna element 14 1s positioned essentially in the plane
of the ground plane 22 and at a predetermined distance d2
therefrom. Also, the second antenna eclement 14, being
essentially strip shaped, 1s positioned essentially perpen-
dicular to the ground plane 22. In the exemplary embodi-
ment of FIGS. 1-3, a suitable mutual distance d2 of the
ground plane 22 and the second antenna element 14 1s about
7-9 mm. Thus, the GPS antenna uses this conducting portion
22 as the ground plane. This positioning has been found to
provide particularly good characteristics for the GPS
antenna.

It 1s to be appreciated that the second antenna element 14
only receives circularly polarized waves with the configu-
ration described herein. However, this 1s not a significant
problem 1n the illustrative embodiment as GPS signal are
received by but not transmitted by the terminal. The GPS
information can be used for example 1n an emergency
situation wherein an emergency call can automatically trans-
mit the position of the phone to an emergency central.

Turning to FIG. 4, a housing 30 of an exemplary radio
communication device or terminal, such as a mobile phone,
1s shown by broken lines. FIG. 4 1s a plan view of the
backside of the device (1.e., the side pointing away from the
user when 1n operation). The terminal 1s provided with a
keypad (not shown) functioning as a user interface.

The antenna device 1 1s positioned 1n the upper portion of
the terminal when 1n an exemplary operating position. In this

case 1t 1s positioned 1n the right hand portion as shown 1n
FIG. 4.

This provides for a position of the second antenna element
14 that 1s particularly suitable 1n connection with satellite
communication (which i1s the preferred vehicle for GPS
communication), because the user will point generally
upward with the antenna element portion of the terminal
when using the terminal. Thus, 1n operation the antenna
device 1 1s oriented with the upper end portion 22a of the
ground plane 22 pointing generally upwards and with the
GPS antenna element 14 being positioned above the ground
plane by the distance d2.

The length of the second antenna element 14 1s adapted to
the frequency of the GPS system, 1.e., 1.575 GHz. In the
exemplary embodiment shown, the second antenna element
14 used to recerve GPS signals 1s a so-called quarter wave
antenna with a length of approximately 5 cm for the GPS
system. It should be noted that this length refers to the total
cllective length from the feed point of the second antenna
clement 14.

The antenna device 1 may be provided with separate feed
points for the first and second antenna elements 12 and 14.
Thus, the function can be switched between the two
antennas, depending on the desired application. The two
antennas can also be 1n use simultaneously.

The above described embodiment provides an antenna
device which 1s compact, easy to manufacture and easy to
assemble. Both the height and the width of the device can be
made to fit in a modern compact size mobile phone.

It 1s realized that the antenna device according to the
invention can be varied within the scope defined by the
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appended claims. Thus, the radiating and receiving elements
have been shown with specific shapes. It 1s realized that they
can have any suitable shape adapted for the specific require-
ments on the antenna element 1n question. Thus, although
the first antenna element 12 has been shown with a generally
planar shape, 1t 1s realized that 1t can be slightly arched,
thereby being adapted to the overall shape of the cover in
which the antenna device 1s mounted.

A PIFA has been described with the above exemplary
embodiment. It 1s to be understood that the first antenna
clement 12 and ground plane 22 for linearly polanzed
clectromagnetic waves can be any suitable antenna
configuration, including a radiating element such as a patch
clement; a meander shaped element; a modified PIFA; or a
micro strip antenna in general. Thus, the first antenna
clement 12 and ground plane 22 can be any antenna device
suitable to be built in mto a terminal housing, such as a
mobile phone housing.

The second antenna element 14 has been described as
functioning as a GPS antenna. It 1s also possible to provide
the second antenna element 14 to function as an antenna for
other circularly polarized electromagnetic waves.

The second antenna element 14 of the GPS antenna has
been described as an elongated, essentially strip-like ele-
ment. In an alternative embodiment, this element 1s given a
meander shape. In that way, the eflective length of the
clement 1s extended, thus providing a more compact antenna
device.

Alternatively, the second antenna element 14 can be
provided as a circular wave, thereby simplifying the manu-
facturing thereof. This wire can be provided with an 1nner
portion extending from a connection point of the PCB and
an outer portion bent essentially 90 degrees 1n relation to the
inner portion and having an extension essentially corre-
sponding to the extension of the second antenna element 14
described in connection with the above described exemplary
embodiment.

The second antenna element 14 of the GPS antenna has
been shown positioned 1n and perpendicular to a plane of the
ground plane 22. However, the exact position of the second
antenna element 14 can vary. For example, the second
antenna element 14 can be provided closer to the plane of the
first antenna element 12 or even in that plane, while being
perpendicular thereto. The first and second antenna elements
12, 14 can be provided on the same surface of the substrate.

The first and second elements antenna 12, 14 have been
shown mounted on an L-shaped substrate 10. It 1s realized
that they can be provided 1n any suitable way and on any
suitable substrate as long as they have the described mutual
position described herein.

The feed element of the antenna element 14 has been
described as being positioned at one end of the element. It
1s realized that the position of the feed element can be varied
depending on the desired characteristics of the antenna
clement.

Although the ground plane 22 has been shown with a
rectangular shape 1t should be appreciated that it can take a
number of shapes as 1t constitutes the grounding paths of the
PCB 20. However, 1t 1s preferred that the upper end portion
22a thereof 1s essentially straight.

The terms “upper” and “lower” end portions have been
used to designate the upper and lower edges of the first
antenna element 12 and the ground plane 22 in an exemplary
operating position. However, with alternative
configurations, such as a meander shaped first radiating
clement, these terms refer to the portions constituting the
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uppermost and lowermost parts of the first antenna element
12 and the ground plane 22 in operation of the device.

Throughout this application, with the expression “internal
antenna’ or “internal antenna element™ 1s to be understood
an antenna or antenna element provided within the housing
of a radio communication device or on a surface of a
non-protruding portion of the housing of the device.

It will be obvious that the invention may be varied 1n a
plurality of ways. Such variations are not to be regarded as
a departure from the scope of the mnvention. All such
modifications as would be obvious to one skilled 1n the art
are mtended to be included within the scope of the appended
claims.

What 15 claimed 1s:

1. An antenna device for a portable radio commumnication
device, comprising:

a ground conductor positioned essentially 1n a plane and
having front and back surfaces and an upper and a
lower end portion,

a first antenna element having [a] an upper end portion
and a lower end portion, said first element being
essentially parallel to and spaced apart from said back
surface of said ground conductor by first distance,
wherein said first antenna element 1s adapted to receive
linearly polarized radio signals; and

a second antenna element being spaced apart from said
upper end portion of said ground conductor by a second
distance, and said second antenna element being spaced
apart from said upper end portion of said first antenna
clement by a third distance, wherein said second
antenna element 1s elongated and 1s adapted solely to
receive circularly polarized radio signals by operation
with linear polarization.

2. The antenna device according to claim 1, wherein said
second antenna element 1s closer to said upper end portion
of said first antenna element than said lower end portion of
said first antenna element.

3. The antenna device according to claim 1, wherein said
second antenna element 1s positioned essentially 1in the plane
of said ground conductor.

4. The antenna device according to claim 1, wherein said
second antenna element 1s essentially parallel to said upper
end portion of said ground conductor.

5. The antenna device according to claim 1, wherein said
upper end portion of said ground conductor 1s essentially
straight.

6. The antenna device according to claim 1, wherein said
second antenna element 1s essentially strip shaped.

7. The antenna device according to claim 6, wherein said
second antenna element 1s positioned 1n a plane essentially
perpendicular to said plane of said ground conductor.

8. The antenna device according to claim 1, wherein said
second antenna element 1s meander shaped.

9. The antenna device according to claim 1, wherein said
second antenna element 1s wire shaped.

10. The antenna device according to claim 1, wherein said
second antenna element has a length adapted for use with the
GPS system.

11. The antenna device according to claim 10, wherein
said second antenna element has a length of about one-
quarter wavelength of a GPS signal.

12. The antenna device according to claim 1, wherein at
least one of said first and second antenna elements 1is
provided with a grounding portion.

13. The antenna device according to claim 1, wherein said
first and second antenna elements, have first and second feed
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portions respectively each of said feed portions are con-
nected to separate electronic circuitry.

14. The antenna device according to claim 1, wherein said
first distance 1s shorter than said third distance.

15. The antenna device according to claim 1, wherein said
second distance 1s shorter than said third distance.

16. The antenna device according to claim 1, wherein said
first antenna element constitutes part of a planar mverted F
antenna.

17. A portable radio communication device, comprising:

a housing;
a user interface; and

an antenna device, said antenna device further compris-

ng:

a ground conductor being positioned essentially 1n a
plane and having front and back surfaces and an
upper and a lower end portion,

a first antenna element having an upper end portion and
a lower end portion, said first element being essen-
tially parallel to and spaced apart from, said back
surface of said ground conductor by first distance,
wherein said first antenna element 1s adapted to
recerve linearly polarized radio signals; and

a second antenna element being spaced apart from said
upper end portion of said ground conductor by a
second distance, and said second antenna element
being spaced apart form said upper end portion of
said first antenna element by a third distance,
wherein said second antenna element 1s elongated
and 1s adapted solely to receive circularly polarized
radio signals by operation with linear polarization.

18. The portable radio communication device according
to claim 17, wherein said antenna device 1s positioned in the
upper portion of the radio communication device.

19. The portable radio communication device according
to claim 18, wherein said second antenna element of said
antenna device 1s positioned 1n the top of the radio commu-
nication device.
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20. An antenna device for a portable radio communica-
tion device, comprising:

a ground conductor positioned essentially in a plane,

an antenna element being spaced apart from said ground
conductor and meander shaped,

wherein said antenna element is elongated and is adapted

solely to receive circularly polarvized vadio signals by
operation with linear polarization.

21. The antenna device according to claim 20, wherein
said antenna element is essentially strvip shaped.

22. The antenna device according to claim 20, wherein
said antenna element is positioned in a plane essentially
perpendicular to said plane of said ground conductor.

23. The antenna device according to claim 20, wherein
said antenna element is wire shaped.

24. The antenna device according to claim 20, wherein
said antenna element has a length adapted for use with the
GPS system.

25. The antenna device according to claim 24, wherein
said antenna element has a length of about one-quarter
wavelength of a GPS signal.

26. A portable vadio communication device, comprising:
a housing;
a user interface; and

an antenna device, said antenna device further compris-
Ing:
a ground conductor, and
an antenna element being spaced apart from said
ground conductor and meander shaped, wherein
said antenna element is elongated and is adapted
solely to receive circularly polarvized radio signals by
operation with linear polarization.
27. The portable radio communication device according
to claim 26, wherein said antenna device is positioned in the
upper portion of the radio communication device.
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