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(57) A multi-band radio antenna device (1) for a ra-
dio communication terminal, comprising a flat ground
substrate (20), a flat main radiating element (2,9) having
a radio signal feeding point (3), and a flat parasitic ele-
ment (5,6). The main radiating element is located adja-

cent to and in the same plane as said ground substrate,
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antenna device is suitable for being used as a built-in
antenna in portable radio terminals, such as a mobile
phone (30).
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Description

Field of the invention

[0001] The present invention relates generally to an-
tennas for radio communication terminals and, in partic-
ular, to compact built-in antennas devised to be incor-
porated into portable terminals and having a wide band-
width to facilitate operation of the portable terminals
within different frequency bands.

Background

[0002] Since the end of the 2000th century the cellular
telephone industry has had enormous development in
the world. From the initial analog systems, such as those
defined by the standards AMPS (Advanced Mobile
Phone System) and NMT (Nordic Mobile Telephone),
the development has during recent years been almost
exclusively focused on standards for digital solutions for
cellular radio network systems, such as D-AMPS (e.g.,
as specified in EIA/TIA-IS-54-B and IS-136) and GSM
(Global System for Mobile Communications). Different
digital transmission schemes are used in different sys-
tems, e.g. time division multiple access (TDMA) or code
division multiple access (CDMA). Currently, the cellular
technology is entering the so called 3rd generation, pro-
viding several advantages over the former, 2nd genera-
tion, digital systems referred to above. Among those ad-
vantages an increased bandwidth will be provided, al-
lowing effective communication of more complex data.
The 3rd generation of mobile systems have been re-
ferred to as the UMTS (Universal Mobile Telephony Sys-
tem) in Europe and CDMA2000 in the USA, and is al-
ready implemented in Japan to some extent. Further-
more, it is widely believed that the first generation of Per-
sonal Communication Networks (PCNs), employing low
cost, pocket-sized, cordless telephones that can be car-
ried comfortably and used to make or receive calls in
the home, office, street, car, etc., will be provided by, for
example, cellular carriers using the next generation dig-
ital cellular system infrastructure.
[0003] One evolution in cellular communication serv-
ices involves the adoption of additional frequency bands
for use in handling mobile communications, e.g., for Per-
sonal Communication Services (PCS) services. Taking
the U.S. as an example, the Cellular hyperband is as-
signed two frequency bands (commonly referred to as
the A frequency band and the B frequency band) for car-
rying and controlling communications in the 800 MHz
region. The PCS hyperband, on the other hand, is spec-
ified in the United States to include six different frequen-
cy bands (A, B, C, D, E and F) in the 1900 MHz region.
Thus, eight frequency bands are now available in any
given service area of the U.S. to facilitate communica-
tion services. Certain standards have been approved for
the PCS hyperband (e.g., PCS1900 (J-STD-007)), while
others have been approved for the Cellular hyperband

(e.g., D-AMPS (IS-136)). Other frequency bands in
which these devices will be operating include GPS (op-
erating in the 1.5 GHz range) and UMTS (operating in
the 2.0 GHz range). Each one of the frequency bands
specified for the Cellular and PCS hyperbands is allo-
cated a plurality of traffic channels and at least one ac-
cess or control channel. The control channel is used to
control or supervise the operation of mobile stations by
means of information transmitted to and received from
the mobile stations. Such information may include in-
coming call signals, outgoing call signals, page signals,
page response signals, location registration signals,
voice channel assignments, maintenance instructions,
hand-off, and cell selection or reselection instructions
as a mobile station travels out of the radio coverage of
one cell and into the radio coverage of another cell. The
control and voice channels may operate using either an-
alog modulation or digital modulation.
[0004] The signals transmitted by a base station in the
downlink over the traffic and control channels are re-
ceived by mobile or portable terminals, each of which
have at least one antenna. Historically, portable termi-
nals have employed a number of different types of an-
tennas to receive and transmit signals over the air inter-
face. For example, monopole antennas mounted per-
pendicularly to a conducting surface have been found
to provide good radiation characteristics, desirable drive
point impedances and relatively simple construction.
Monopole antennas can be created in various physical
forms. For example, rod or whip antennas have fre-
quently been used in conjunction with portable termi-
nals. For high frequency applications where an anten-
na's length is to be minimised, another choice is the hel-
ical antenna. In addition, mobile terminal manufacturers
encounter a constant demand for smaller and smaller
terminals. This demand for miniaturisation is combined
with desire for additional functionality such as having the
ability to use the terminal at different frequency bands
and different cellular systems.
[0005] It is commercially desirable to offer portable
terminals which are capable of operating in widely dif-
ferent frequency bands, e.g., bands located in the 1500
MHz, 1800 MHz, 1900 MHz, 2.0 GHz and 2.45 GHz re-
gions. Accordingly, antennas which provide adequate
gain and bandwidth in a plurality of these frequency
bands will need to be employed in portable terminals.
Several attempts have been made to create such an-
tennas.
[0006] Japanese patent no. 6-37531 discloses a helix
which contains an inner parasitic metal rod. In this pat-
ent, the antenna can be tuned to dual resonant frequen-
cies by adjusting the position of the metal rod. Unfortu-
nately, the bandwidth for this design is too narrow for
use in cellular communications.
[0007] Dual-band, printed, monopole antennas are
known in which dual resonance is achieved by the ad-
dition of a parasitic strip in close proximity to a printed
monopole antenna. While such an antenna has enough
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bandwidth for cellular communications, it requires the
addition of a parasitic strip. Moteco AB in Sweden has
designed a coil matching dual-band whip antenna and
coil antenna, in which dual resonance is achieved by
adjusting the coil matching component (1/4.lambda. for
900 MHz and 1/2.lambda. for 1800 MHz). This antenna
has relatively good bandwidth and radiation perform-
ances and a length in the order of 40 mm.
[0008] In order to reduce the size of the portable radio
terminals, built-in antennas have been implemented
over the last couple of years. The general desire today
is to have an antenna, which is not visible to the cus-
tomer. Today different kinds of patches are used, with
or without parasitic elements. The most common built-
in antennas currently in use in mobile phones are the so
called planar inverted-F antennas (PIFA). This name
has been adopted due to the fact that the antenna looks
like the letter F tilted 90 degrees in profile. Such an an-
tenna needs a feeding point as well as a ground con-
nection. If one or several parasitic elements are included
nearby, they can be either grounded or dielectrically
separated from ground.
[0009] The PIFA can, as mentioned, be built in into a
radio terminal antenna, e.g. a mobile phone, with fairly
low profile. However, as mobile phones become smaller
and smaller, the height of the PIFA antennas are still a
limiting factor for decreasing the terminal size. The ge-
ometry of a conventional PIFA antenna includes a radi-
ating element, a feeding pin for the radiating element, a
ground pin for the radiating element, and a ground sub-
strate commonly arranged on a printed circuit board
(PCB). Both the feeding pin and the ground pin are ar-
ranged perpendicular to the ground plane, and radiating
element is suspended above the ground plane in such
a manner that the ground plane covers the area under
the radiating element. This type of antenna, however,
generally has a fairly small bandwidth in the order of 100
MHz. In order to increase the bandwidth for an antenna
of this design, the vertical distance between the radiat-
ing element and the PCB ground has to be increased,
i.e. the height at which the radiating element is placed
above the PCB is increased. This, however, is an unde-
sirable modification as the height increase makes the
antenna unattractive for small communication devices.
One solution to this problem is to add a dielectric ele-
ment between the antenna and the PCB, in order to
make the electrical distance longer than the physical
distance.
[0010] US 6,326,921 to Ying et al discloses a built-in,
low-profile antenna with an inverted planar inverted F-
type (PIFA) antenna and a meandering parasitic ele-
ment, and having a wide bandwidth to facilitate commu-
nications within a plurality of frequency bands. A main
element is placed at a predetermined height above a
substrate of a communication device and the parasitic
element is placed on the same substrate as the main
antenna element and is grounded at one end. The feed-
ing pin of the PIFA is proximal to the ground pin of the

parasitic element. The coupling of the meandering, par-
asitic element to the main antenna results in two reso-
nances. These two resonances are adjusted to be ad-
jacent to each other in order to realise a broader reso-
nance encompassing the DCS (Digital Cross-Connect
System), PCS (Personal Communications System) and
UMTS frequency ranges.
[0011] However, prior art antenna designs will still be
a limiting factor when developing radio terminals with
adequate bandwidth to cover, for example, all of the
DCS, PCS and UMTS frequency bands, at the same
time recognising the desire to provide compact termi-
nals. The known solutions have mainly dual band per-
formance, e.g. GSM + DCS. They need a ground plane
underneath the antenna structure. The larger distance
the better antenna performance, to a certain degree,
and since the mobile phones of today must be as small
and thin as possible, this is a dilemma. A more general
problem with built-in antennas is not only small band
width, but also significantly worse gain performance
than a traditional external antenna i.e. some kind of stub
antenna.

Summary of the invention

[0012] Hence, it is an object of the present invention
to overcome the above-identified deficiencies related to
the prior art, and more specifically to provide a planar
antenna structure suitable for built-in antennas, at the
same time having a wide bandwidth which enables the
antenna to be operable at a plurality of frequency bands.
[0013] According to a first aspect, this object is fulfilled
by a multi-band radio antenna device for a radio com-
munication terminal, comprising a flat ground substrate,
a flat main radiating element having a radio signal feed-
ing point, and a flat parasitic element. Said main radiat-
ing element is located in the same plane as said ground
substrate, wherein a first elongated portion of the main
radiating element extends in an L shape away from a
side edge of the ground substrate, the longer leg of said
L shape extending substantially parallel to said side
edge.
[0014] Preferably, said first elongated portion has a
first width and extends into a second elongated portion
having a second width, smaller than said first width. The
length of said first portion preferably corresponds to the
resonance of a first radio wavelength zone and the com-
bined length of said first and second portion corre-
sponds to the resonance of a second radio wavelength
zone, by interaction with the parasitic element.
[0015] Preferably, said flat parasitic element compris-
es a first L-shaped parasitic member extending from an
electrical connection point to said ground substrate es-
sentially parallel to said first portion of the main antenna
element. In one embodiment, said flat parasitic element
further comprises a second L-shaped parasitic member
extending from an electrical connection point to said
ground substrate, essentially parallel to said first para-
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sitic member. The main radiating element is preferably
dielectrically separated from the ground substrate.
[0016] In a preferred embodiment, said second por-
tion of the main element is meandered, and preferably,
said first width is at least 5 times larger than said second
width. In one embodiment, said first width is at least 10
times larger than said second width.
[0017] According to a second aspect, the object of the
invention is fulfilled by a communication terminal de-
vised for multi-band radio communication, comprising a
housing, a user input and output interface, and in said
housing a built-in antenna device including a flat ground
substrate, a flat main radiating element having a radio
signal feeding point, and a flat parasitic element. Said
main radiating element is located in the same plane as
said ground substrate, wherein a first elongated portion
of the main radiating element extends in an L shape
away from a side edge of the ground substrate, the long-
er leg of said L shape extending substantially parallel to
said side edge.
[0018] Preferably, said first elongated portion has a
first width and extends into a second elongated portion
having a second width, smaller than said first width. The
length of said first portion preferably corresponds to the
resonance of a first radio wavelength and the combined
length of said first and second portion corresponds to
the resonance of a second radio wavelength.
[0019] Preferably, said flat parasitic element compris-
es a first L-shaped parasitic member extending from an
electrical connection point to said ground substrate es-
sentially parallel to said first portion of the main antenna
element. In one embodiment, said flat parasitic element
further comprises a second L-shaped parasitic member
extending from an electrical connection point to said
ground substrate, essentially parallel to said first para-
sitic member. The main radiating element is preferably
dielectrically separated from the ground substrate.
[0020] In a preferred embodiment, said second por-
tion of the main element is meandered, and preferably,
said first width is at least 5 times larger than said second
width. In one embodiment, said first width is at least 10
times larger than said second width.
[0021] According to a third aspect, the object of the
invention is fulfilled by a multi-band radio antenna for a
radio communication terminal, comprising a flat main ra-
diating element having a radio signal feeding point, and
a flat parasitic element, wherein said antenna is con-
nectable to a flat ground substrate by interconnection
with said parasitic element. Said main radiating element
is located in the same plane as said ground substrate,
wherein a first elongated portion of the main radiating
element extends in an L shape away from a side edge
of the ground substrate, the longer leg of said L shape
extending substantially parallel to said side edge.
[0022] According to a fourth aspect, the object of the
invention is fulfilled by an integrated multi-band radio
antenna and ground substrate device for a radio com-
munication terminal, comprising a flat ground substrate,

a flat main radiating element having a radio signal feed-
ing point, and a flat parasitic element . Said main radi-
ating element is located in substantially the same plane
as said ground substrate, wherein a first elongated por-
tion of the main radiating element extends in an L shape
away from a side edge of the ground substrate, the long-
er leg of said L shape extending substantially parallel to
said side edge.
[0023] Preferably, said ground substrate, said main
radiating element and said parasitic element are formed
of a single sheet of electrically conductive material, and
in one embodiment they are etched out from a metal
layer on a printed circuit board. In one embodiment, the
features of which are equally applicable to any of the
previously mentioned aspects, said ground substrate is
formed on one layer of a printed circuit board, whereas
said main radiating element and said parasitic element
are formed on another layer on said printed circuit
board. The ground substrate and the antenna will nev-
ertheless be substantially located in the same plane,
particularly compared to the conventional PIFA design.
[0024] By substantially parallel is here meant that the
distance between longer leg of the radiating element
and the edge of the ground substrate is essentially con-
stant over the extension of said longer leg, within the
accuracy given by the used method of manufacture.

Brief description of the drawings

[0025] The features and advantages of the present in-
vention will be more apparent from the following descrip-
tion of the preferred embodiments with reference to the
accompanying drawings, on which

Fig. 1 schematically illustrates a multi-band radio
antenna device according to an embodiment of the
invention;
Fig. 2 shows an enlarged portion of the antenna de-
vice according to Fig. 1;
Fig. 3 schematically illustrates an exemplary com-
munication terminal implementing an antenna de-
sign according to an embodiment of the invention;
Fig. 4 schematically illustrates an integrated multi-
band radio antenna and ground substrate device
according to an embodiment of the invention;
Figs 5A to 5C schematically illustrates the use of a
communication terminal according to Fig. 3;
Fig. 6A illustrates the voltage standing wave ratio
(VSWR) characteristics for the antenna design of
the present invention in operation oriented accord-
ing to Fig. 5A; and
Fig. 6B illustrates the VSWR characteristics for the
antenna design of the present invention in operation
oriented according to Fig. 5B.

Detailed description of preferred embodiments

[0026] The present description refers to radio termi-
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nals as a device in which to implement a radio antenna
design according to the present invention. The term ra-
dio terminal includes all mobile equipment devised for
radio communication with a radio station, which radio
station also may be mobile terminal or e.g. a stationary
base station. Consequently, the term radio terminal in-
cludes mobile telephones, pagers, communicators,
electronic organisers, smartphones, PDA:s (Personal
Digital Assistants), vehicle-mounted radio communica-
tion devices, or the like, as well as portable laptop com-
puters devised for wireless communication in e.g. a
WLAN (Wireless Local Area Network). Furthermore,
since the antenna as such is suitable for but not restrict-
ed to mobile use, the term radio terminal should also be
understood as to include any stationary device arranged
for radio communication, such as e.g. desktop comput-
ers, printers, fax machines and so on, devised to oper-
ate with radio communication with each other or some
other radio station. Hence, although the structure and
characteristics of the antenna design according to the
invention is mainly described herein, by way of example,
in the implementation in a mobile phone, this is not to
be interpreted as excluding the implementation of the
inventive antenna design in other types of radio termi-
nals, such as those listed above. Furthermore, it should
be emphasised that the term comprising or comprises,
when used in this description and in the appended
claims to indicate included features, elements or steps,
is in no way to be interpreted as excluding the presence
of other features elements or steps than those expressly
stated.
[0027] Several of the larger mobile phone manufac-
turers, e.g. Ericsson® and Nokia®, have launched mo-
bile phones for cellular communication networks and im-
plementing built-in antennas for both dual band and tri-
ple band operation. By built-in is here meant that the
antenna is placed inside, or adjacent to, the housing or
chassis of the mobile phone without protruding ele-
ments. The principles of the Planar Inverted F Antenna
type have been briefly discussed above. Although it may
be embodied in different ways, it is basically defined by
the following features:

- Dual or triple band capacity;
- Patch parallel to the printed circuit board (PCB), i.

e. the ground plane;
- Air or some dielectric material between antenna

and PCB;
- Sizes are in the neighbourhood of L*W*H = 40*18*8

mm;
- The distance (H) between antenna and PCB is crit-

ical for good VSWR and gain, and normal distance
is 7 - 10 mm between these two planes;

- The antenna needs both feeding and grounding.

[0028] The present invention provides an antenna de-
sign which does not need a ground plane underneath
the antenna structure. This makes it possible to make a

very thin product. Computer simulations with surprising-
ly good results have been made. These simulations
have been performed using the tool IE3D, distributed by
Zeland Inc. This tool uses the Moment Method as a
mathematical solver, and simulation results obtained
correlate well with measurement tests on prototypes
disclosed in Fig. 6A and 6B, which will be explained fur-
ther down.
[0029] An antenna concept or design is described
herein, comprising the antenna structure, its relation to
ground, and its implementation in a radio terminal, with
reference to the accompanying drawings. Some fea-
tures of one embodiment of the antenna design are a
very wide feeding and two parasitic elements without
feeding. Fig. 1 discloses an antenna device 1, compris-
ing an antenna 12 and a ground plane or substrate 20.
The length of the ground plane 20, i.e. the height in Fig.
1, is preferably approximately equal to one third of the
wavelength for the lower radio frequency band for which
the multi-band antenna 12 is tuned. The ground plane
length can be calculated as:

wherein L is the ground plane length, c is the speed of
light in vacuum and f is the radio frequency. In one ex-
ample said lower band is f = 900 MHz, wherein the
ground plane length can be calculated to approximately
11 cm.
[0030] Fig. 2 illustrates the upper part of Fig. 1 in en-
largement, with only a part of the ground plane 20 show-
ing. The antenna in Fig. 2 comprises several parts, and
discloses an embodiment according to the example
above, i.e. tuned for a lower frequency band of 900 MHz.
[0031] The main radiating element of the antenna
comprises a first flat elongated member 2, which ex-
tends from a position 4 close to the upper edge 21 of
ground plane 20. In the preferred and disclosed embod-
iment, this elongated member is bent 90 degrees in or-
der to make the total length of the antenna device 1,
including the ground plane 20, as short as possible. The
main radiating element is fed at a feeding point 3 at or
near its base 4, adjacent to the edge 21 of the ground
plane 20, but it is dielectrically separated from the
ground plane 20, e.g. by a gap.
[0032] The elongated member 2 has a large width, in
the disclosed embodiment about 5.4 mm. This large
width contributes to the large bandwidth shown in Fig.
6A and 6B. The total length of the wide elongated mem-
ber 2 is about 35 mm from 4 to 10. At this end 10, the
main radiating element extends into a considerably
longer, meandered member 9, which has a significantly
smaller width than member 2. The barrier obtained by
the bottleneck at 10 creates one resonance dependent
on the length of the wide member 2, and another reso-
nance dependent on the entire length of the main radi-
ating element 2,9 from end 4 at the feeding point 3 to

L=c/3f,
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the end point 11. The relation between the width of mem-
ber 2 and member 9 is at least 5:1, and preferably about
10:1. This relation is hence important in order to get the
multi-band performance. At the end 11 of the mean-
dered portion 9, yet another radiating element may be
added, electrically interconnected to portion 9, although
not shown, a so called capacitive end piece.
[0033] A thin parasitic element member 5 is connect-
ed to the ground plane 20 at 7, and runs parallel with
the main antenna member 2. The width of this first par-
asitic element member 5 is approximately 1 mm, and it
is positioned close to, about 1 mm, the electrically fed
antenna element 2,9. The total length of the first para-
sitic member 5 is approximately 21.1 mm in the dis-
closed embodiment.
[0034] Another thin parasitic element 6, likewise con-
nected to the ground plane at 8, extends parallel with
parasitic member 5. The approximate length of this sec-
ond parasitic member 6 is 21 mm in the disclosed em-
bodiment. The width of member 6 and the distance be-
tween member 6 and 5 is of the same order as the width
of member 5 and the distance between member 5 ele-
ment 2, respectively.
[0035] Fig. 3 illustrates a communication radio termi-
nal in the embodiment of a cellular mobile phone 30 de-
vised for multi-band radio communication. The terminal
30 comprises a chassis or housing 35, carrying a user
audio input in the form of a microphone 31 and a user
audio output in the form of a loudspeaker 32 or a con-
nector to an ear piece (not shown). A set of keys, buttons
or the like constitutes a data input interface 33 is usable
e.g. for dialling, according to the established art. A data
output interface comprising a display 34 is further includ-
ed, devised to display communication information, ad-
dress list etc in a manner well known to the skilled per-
son. The radio communication terminal 30 includes ra-
dio transmission and reception electronics (not shown),
and is devised with a built-in antenna device 1 inside the
housing 35, which antenna device is indicated in the
drawing by the dashed line as an essentially flat object.
According to the invention, this antenna device 1, cor-
responding to Fig. 1, includes a flat ground substrate 20,
a flat main radiating element 2,9 having a radio signal
feeding point 3, and a flat parasitic element 5,6. The
main radiating element 2,9 is dielectrically separated
from the ground substrate, and located adjacent to and
in the same plane as said ground substrate. The other
features of the antenna design according to the present
invention described above are naturally equally valid for
the radio terminal implemented embodiment of Fig. 3.
[0036] Fig. 4 illustrates another aspect of the present
invention. As described previously, with reference main-
ly to Figs 1 and 2, the antenna 12 and ground plane 20
of the antenna device 1 are located adjacent to each
other in the same plane. Not all parts of the antenna de-
vice are electrically interconnected, e.g. not the main ra-
diating element 2,9 and the ground plane 20, but they
may nevertheless be formed as a single integrated ele-

ment. Alternatively, the ground substrate 20 and the an-
tenna element 2,9 may be located on different layers of
a printed circuit board, which board defines the plane in
which they are arranged. Hence, according to this as-
pect Fig. 4 illustrates an integrated multi-band radio an-
tenna and ground substrate device 40 for a radio com-
munication terminal. This integrated device 40 compris-
es a flat ground substrate 20, a flat main radiating ele-
ment 2,9 having a radio signal feeding point 3, and a flat
parasitic element 5,6, wherein said main radiating ele-
ment is dielectrically separated from the ground sub-
strate, and located adjacent to and in the same plane
as said ground substrate. The elements 2,9,5,6,20 com-
prised in the integrated device 40 are bonded by an un-
derlying dielectric substrate 41, such as a PCB, wherein
said PCB 41 preferably carries radio terminal electron-
ics on its opposite side and optionally on intermediate
layers thereof. According to this aspect of the invention,
the ground substrate 20, the main radiating element 2,9
and the parasitic element 5,6 are, in one embodiment,
formed of a single sheet of electrically conductive ma-
terial. In such a design, the interconnections 7 an 8 be-
tween the parasitic members 5,6 and the ground plane
20 are preferably simply formed by said parasitic mem-
bers extending into the ground plane 20, being an inte-
gral part thereof. Furthermore, the feeding point 3 (see
Fig. 2) may be a direct contact between the main radi-
ating element 2 and the relevant leads on the PCB 41,
wherein no auxiliary antenna connector is needed. In
one embodiment, the integrated multi-band radio anten-
na 12 and ground substrate 20 is etched out from a met-
al layer on a printed circuit board 41, including the
ground substrate, the main radiating element and the
parasitic element.
[0037] As can be seen from Fig. 4, a vertical arrow
illustrates the position of the antenna 12 in relation to
the ground plane 20, where the apex of the arrow indi-
cates the end of the antenna device 1 at which the an-
tenna 12 is located. Figs 5A and 5B illustrate exemplary
talking positions of a mobile phone 30 when operated
by a user A. In Fig. 5A, the mobile phone is designed in
the common way with the antenna 12 at the top of the
phone 30, i.e. closest to the listening end of the phone
30 carrying the loudspeaker 32. In Fig. 5B, the mobile
phone is designed with the antenna device 1 in the op-
posite way, with the antenna 12 at the bottom of the
phone 30, closest to the speaking end of the phone 30
carrying the microphone 31. Fig. 5C illustrates schemat-
ically the mobile phone 30 in operation by the user A,
where the user A holds the phone 30 in his hand 50. If
the antenna 12 is oriented in the way indicated in Fig.
5B, the hand 50 will effect the performance of the an-
tenna 12, whereas for a design according to Fig. 5A the
effect influence of the hand will probably be less notice-
able.
[0038] Figs 6A and 6B illustrates the VSWR perform-
ance of the presented antenna design, in an embodi-
ment as described in conjunction with Figs 1 and 2, with
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a ground plane of 11 cm, i.e. a third of the wavelength
of the lowest resonance frequency 900 MHz. The results
come from a hand-made prototype, with the aid of the
IE3D tool mentioned above. Markers point towards one
of the curves in each drawing, and the frequency at each
of those markers is illustrated in the respective drawing.
[0039] Fig. 6A relates to measurements with a top-
mounted antenna 12. The black line indicates the
VSWR measured when the mobile phone 30 is placed
in free space FS. The grey line, to which the triangular
markers 1 to 5 point, represents talking position TP, as
illustrated in Fig 5C, with the orientation of the phone 30
as illustrated in Fig. 5A. Since the antenna is located in
the upper part of the phone 30, the antenna 12 is ideally
not covered by the hand. A slight difference can be de-
tected between the curves, due to the proximity of the
hand and head rendering an enlarged ground plane to
the antenna 12.
[0040] Contrary to the preceding figure, Fig. 6B re-
lates to measurements with a bottom-mounted antenna
12, i.e. the phone is in operative position oriented as
shown in Fig. 5B. Once again, the black line indicates
the VSWR measured when the mobile phone 30 is
placed in free space FS, i.e. with no human tissue close
to the antenna. The grey line, to which the triangular
markers 1 to 5 point, represents talking position TP, as
illustrated in Fig 5C, with the orientation of the phone 30
as illustrated in Fig. 5B. The antenna is now partly or
fully covered by the hand. The effect is considerably
larger than in the case displayed in Fig. 6A, with a much
more significant difference between FS and TP. In
VSWR point this is to the better.
[0041] The results of the VSWR measurements show
excellent results for both the antenna orientation ac-
cording to Fig. 5A and the antenna orientation according
to Fig. 5B. It is noticeable that the hand influences the
matching positively. It loads the antenna and steals
some energy, but the head is further away from the an-
tenna so the efficiency is probably better.
[0042] Consequently, one way to get a really low SAR
(Specific Absorption Rate) value is to have the antenna
near the mouth rather than the ear, an "upside down
concept", as in Fig. 5B. As mentioned before, a ground
plane of length about 11 cm, equal to one third of the
wavelength at 900MHz, has been found to give the best
results. Other lengths may also be used.
[0043] Tests have also been performed on the gain,
and indicate a good performance compared to the de-
signs available today. Those experiments were also
made with additional ground planes parallel to the an-
tenna structure 12, behind it. Distances between 5mm
and 10mm were tested, with the ground planes either
hanging freely or grounded to the PCB ground 20. The
best result was achieved without any additional ground
plane, i.e. with the antenna design proposed in this de-
scription, with the antenna upside down as in Fig. 5B.
Exactly how much a hand influences the gain has not
been tested, though, since it is very individual how to

hold a mobile phone.
[0044] Several effects and advantages are obtained
by the invention. As evidenced by the graphs of Figs 6A
and 6B, a multi-band performance in frequency point of
view is reached, suitable for e.g. AMPS, EGSM, DCS,
PCS, UMTS and BT. Furthermore, there is broad band
performance on each band. The gain and efficiency is
also good compared to the market products.
[0045] No ground plane is needed underneath the an-
tenna 12, which is otherwise the common case for the
built-in antennas existing on the market. The built-in an-
tenna is fairly small and very thin. Furthermore, it is pos-
sible to manufacture antenna 12 and PCB 41, having a
ground plane 20, in one piece 40, which is mechanically
very robust. The antenna structure can be etched out
from the PCB directly. No grounding of the antenna is
needed, only the parasitic elements 5,6 need ground.
The design also has capabilities of rendering a low cost
manufacture process, since no antenna connector is
needed, and in that the antenna device 1 may be formed
from a single film of e.g. copper.
[0046] With the antenna device 1 arranged upside
down, it is also possible to obtain very low SAR. It is
however important that the user A realises how to hold
the mobile phone properly.
[0047] The proposed design does not have an anten-
na volume in an ordinary sense, since the height to the
ground plane is zero. A very thin mobile phone 30 can
therefore be built. The antenna 12 area is approximately
41*20 mm, and is preferably etched on the PCB. The
antenna 12 comprises two parasitic elements 5,6 which
are parallel with the main antenna structure 2, and with
each other. They are not meandered and do not have
any capacitive end load.
[0048] The foregoing has described the principles,
preferred embodiments and modes of operation of the
present invention. However, the invention should not be
construed as being limited to the particular embodi-
ments discussed above. For example, while the anten-
na of the present invention has been discussed primarily
as being a radiator, one skilled in the art will appreciate
that the antenna of the present invention would also be
used as a sensor for receiving information at specific
frequencies. Similarly, the dimensions of the various el-
ements may vary based on the specific application.
Thus, the above-described embodiments should be re-
garded as illustrative rather than restrictive, and it
should be appreciated that variations may be made in
those embodiments by workers skilled in the art without
departing from the scope of the present invention as de-
fined by the following claims.

Claims

1. A multi-band radio antenna device (1) for a radio
communication terminal, comprising a flat ground
substrate (20), a flat main radiating element (2,9)
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having a radio signal feeding point (3), and a flat
parasitic element (5,6), characterised in that said
main radiating element is located in the same plane
as said ground substrate, wherein a first elongated
portion (2) of the main radiating element extends in
an L shape away from a side edge (21) of the
ground substrate, the longer leg of said L shape ex-
tending substantially parallel to said side edge.

2. The multi-band radio antenna device as recited in
claim 1, characterised in that said a first elongated
portion (2) has a first width, and extends into a sec-
ond elongated portion (9) having a second width,
smaller than said first width.

3. The multi-band radio antenna device as recited in
claim 2, characterised in that the length of said
first portion corresponds to the resonance of a first
radio wavelength and the combined length of said
first and second portion corresponds to the reso-
nance of a second radio wavelength.

4. The multi-band radio antenna device as recited in
claim 1, characterised in that said flat parasitic el-
ement comprises a first L-shaped parasitic member
(5) extending from an electrical connection point (7)
to said ground substrate essentially parallel to said
first portion of the main antenna element.

5. The multi-band radio antenna device as recited in
claim 4, characterised in that said flat parasitic el-
ement comprises a second L-shaped parasitic
member (6) extending from an electrical connection
point (8) to said ground substrate essentially paral-
lel to said first parasitic member (7).

6. The multi-band radio antenna device as recited in
claim 1, characterised in that said main radiating
element is dielectrically separated from the ground
substrate.

7. The multi-band radio antenna device as recited in
claim 2, characterised in that said second portion
(9) is meandered.

8. The multi-band radio antenna device as recited in
claim 2, characterised in that said first width is at
least 5 times larger than said second width.

9. The multi-band radio antenna device as recited in
claim 2, characterised in that said first width is at
least 10 times larger than said second width.

10. The multi-band radio antenna device as recited in
claim 1, characterised in that the length of said
ground substrate is approximately one third of the
wavelength of a radio frequency band for which said
antenna device is tuned.

11. A communication terminal (30) devised for multi-
band radio communication, comprising a housing
(35), a user input (31,33) and output (32,34) inter-
face, and in said housing a built-in antenna device
(1) including a flat ground substrate (20), a flat main
radiating element (2,9) having a radio signal feeding
point (3), and a flat parasitic element (5,6), charac-
terised in that said main radiating element is locat-
ed in the same plane as said ground substrate,
wherein a first elongated portion (2) of the main ra-
diating element extends in an L shape away from a
side edge (21) of the ground substrate, the longer
leg of said L shape extending substantially parallel
to said side edge.

12. The communication terminal as recited in claim 11,
characterised in that said first elongated portion
(2) has a first width, and extends into a second elon-
gated portion (9) having a second width, smaller
than said first width.

13. The communication terminal as recited in claim 12,
characterised in that the length of said first portion
corresponds to the resonance of a first radio wave-
length and the combined length of said first and sec-
ond portion corresponds to the resonance of a sec-
ond radio wavelength.

14. The communication terminal as recited in claim 11,
characterised in that said flat parasitic element
comprises a first L-shaped parasitic member (5) ex-
tending from an electrical connection point (7) to
said ground substrate essentially parallel to said
first portion of the main antenna element.

15. The communication terminal as recited in claim 14,
characterised in that said flat parasitic element
comprises a second L-shaped parasitic member (6)
extending from an electrical connection point (8) to
said ground substrate essentially parallel to said
first parasitic member (7).

16. The communication terminal as recited in claim 11,
characterised in that said main radiating element
is dielectrically separated from the ground sub-
strate.

17. The communication terminal as recited in claim 12,
characterised in that said second portion (9) is
meandered.

18. The communication terminal as recited in claim 12,
characterised in that said first width is at least 5
times larger than said second width.

19. The communication terminal as recited in claim 12,
characterised in that said first width is at least 10
times larger than said second width.
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20. The communication terminal as recited in claim 11,
characterised in that the length of said ground
substrate is approximately one third of the wave-
length of a radio frequency band for which said an-
tenna device is tuned.

21. A multi-band radio antenna (12) for a radio commu-
nication terminal, comprising a flat main radiating
element (2,9) having a radio signal feeding point (3),
and a flat parasitic element (5,6), characterised in
that said antenna is connectable to a flat ground
substrate (20) by interconnection with said parasitic
element such that said main radiating element is lo-
cated in the same plane as said ground substrate,
wherein a first elongated portion (2) of the main ra-
diating element extends in an L shape away from a
side edge (21) of the ground substrate, the longer
leg of said L shape extending substantially parallel
to said side edge.

22. An integrated multi-band radio antenna and ground
substrate device (40) for a radio communication ter-
minal, comprising a flat ground substrate (20), a flat
main radiating element (2,9) having a radio signal
feeding point (3), and a flat parasitic element (5,6),
characterised in that said main radiating element
is located in substantially the same plane as said
ground substrate, wherein a first elongated portion
(2) of the main radiating element extends in an L
shape away from a side edge (21) of the ground
substrate, the longer leg of said L shape extending
substantially parallel to said side edge.

23. The integrated multi-band radio antenna and
ground substrate device as recited in claim 22,
characterised in that said ground substrate, said
main radiating element and said parasitic element
are formed of a single sheet of electrically conduc-
tive material.

24. The integrated multi-band radio antenna and
ground substrate device as recited in claim 22,
characterised in that said ground substrate, said
main radiating element and said parasitic element
are etched out from a metal layer on a printed circuit
board (41).

25. The integrated multi-band radio antenna and
ground substrate device as recited in claim 22,
characterised in that said ground substrate is
formed on one layer of a printed circuit board (41),
and said main radiating element and said parasitic
element are formed on another layer on said printed
circuit board.

26. The integrated multi-band radio antenna and
ground substrate device as recited in claim 22, fur-
ther comprising any of the features of claims 2 - 9.
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