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(54) Multi frequency-band antenna

(57) A multi frequency band antenna with a low band
portion (LB) tuned to a low frequency band, and a first
high band portion (HB1) tuned to a first high frequency
band at higher frequencies than the low frequency band.
The low band portion (LB) and the first high band portion
(HB1) have a common first grounding point (GP1), a
common feeding point (FP) for feeding input signals to
the antenna and for outputting signals from the antenna,
and a first conductor portion (CP1), which forms part of
the low band portion (LB) and of the first high band por-
tion (HB1). The first conductor portion (CP1) is electri-
cally connected to the first grounding point (GP1) and
to the common feeding point (FP). A second high band
portion (HB2) is coupled to the first conductor portion
(CP1) and tuned to a second high frequency band at a
higher frequency than the low frequency band and dif-
ferent from the first high frequency band. The antenna
can be tuned to eg the frequencies 900 MHz, 1800 MHz
and 1900 MHz currently used for mobile telephones.
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Description

Field of the invention

[0001] The invention relates to antennas for use in
portable communications devices such as mobile tele-
phones. Portable communications devices are required
to be compact in size, which is a requirement that ap-
plies to every component of the devices, including the
antenna. Modern mobile telephones use two or more
distinct frequency bands, and preferably one and the
same antenna is required to operate in all frequency
bands used by the telephone.

Related prior art

[0002] Currently, most mobile telephones use one or
more of the following three frequency bands: the GSM
band centred on the frequency 900 MHz, the DSC band
centred on 1800 MHz, and the PCS band centred on
1900 MHz. The 900 MHz and 1800 MHz frequency
bands are separated by one octave, whereas the 1800
MHz and 1900 MHz frequency bands are separated by
only a fraction of one octave. In many mobile telephones
using the 900 MHz and 1800 MHz frequency bands the
antenna has separate portions tuned to respective ones
of the two frequency bands, since it is not considered
feasible to have one and the same portion of the anten-
na tuned to a frequency band of more than one octave
with a relatively large unused frequency band between
the useful frequency bands.
[0003] On the other hand, the two US patent applica-
tions serial numbers 09/112152 and 09/212259 de-
scribe attempts having been made to have one and the
same portion of the antenna cover both high frequency
bands centred on 1800 MHz and 1900 MHz with a lower
frequency limit of 1710 MHz and an upper frequency lim-
it of 1990 MHz - a bandwidth of 280 MHz. The improve-
ment in bandwidth is obtained at the expense of antenna
gain.
[0004] It is the object of the invention to provide an
antenna, which is usable in at least three frequency
bands and which has a minimum loss, ie maximum gain
in all frequency bands.

Summary of the invention

[0005] The invention provides an antenna for use in
eg portable communications devices such as mobile tel-
ephones. The antenna is useful in a low frequency band
and two high frequency bands, where the two high fre-
quency bands are relatively closer to each other than to
the low frequency band. The antenna is thus effectively
a triple band antenna, and a mobile telephone having
such an antenna is thus useful in three frequency bands
such as the above identified three frequency bands cen-
tred on 900 MHz, 1800 MHz and 1900 MHz respectively.
However, the invention is not restricted to the use in the

above-identified frequency bands, but will be suitable
for use in existing and future frequency bands as well.

Brief description of the drawings

[0006]

Figure 1 schematically shows a known dual band
antenna electrically connected to a printed circuit
board,

Figure 2 schematically shows a preferred embodi-
ment of a triple band antenna of the invention elec-
trically connected to a printed circuit board,

Figure 3 is an end view of the antenna and printed
circuit board of figure 2,

Figure 4 schematically shows the printed circuit
board with the antenna in figure 2, and

Figure 5 is a diagram showing a typical return loss
for an antenna according to the invention.

Detailed description of the invention

[0007] In figures 2-4, a printed circuit board PCB with
an antenna according to the invention for use in a mobile
telephone is shown. In the shown embodiment, for illus-
trative purposes, the printed circuit board has a rectan-
gular shape, and the invention is not restricted to the
use of a rectangular shape. In practical use the printed
circuit board will have a number of electronic compo-
nents mounted thereon, which are necessary for the op-
eration of the mobile telephone, but which are not part
of the invention. In figure 4 such components are there-
fore indicated only schematically.
[0008] In figures 2-4 an electrically conductive mate-
rial, such as copper, constitutes the antenna of the in-
vention. The antenna is preferably spaced from the
printed circuit board PCB with a predetermined distance
therebetween. A first conductor portion CP1, which is
rectilinear in this embodiment, has a grounding point
with a first grounding post GP1 at a first end of the first
conductor portion CP1. In use the grounding point will
be electrically connected through the first grounding
post GP1 to ground potential at the printed circuit board
PCB. Near the first end and at a predefined distance
therefrom, the first conductor portion CP1 has a feeding
point with a feeding post FP electrically connecting the
first conductor portion CP1 to an electronic circuit on the
PCB for feeding the antenna with signals to be transmit-
ted by the antenna, and/or to electronic circuitry for re-
ceiving signals received by the antenna. The portion of
the first conductor portion CP1 situated between the
feeding post FP and the first grounding post GP1 func-
tions as a matching bridge MB.
[0009] At a second end, opposite the first end, a low
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band portion LB branches off at one side of the straight
first conductor portion CP1 and forms a spiral. Here,
three rectilinear segments forming right angles with
each other constitute the low band spiral. The innermost
segment in the spiral is wider than the remaining three
rectilinear segments including the conductor portion
CP1.
[0010] Between the first and second ends a first high
band portion HB1, also forming a spiral, branches off at
a right angle and at the same side as the low band por-
tion LB. The first high band spiral is also constituted by
three rectilinear segments forming right angles with
each other. The segments constituting the first high
band spiral have substantially equal widths.
[0011] The low band portion LB of the antenna is
tuned to have a relatively low resonance frequency,
such as 900 MHz, and a predefined bandwidth to define
a low frequency band of the antenna. The low reso-
nance frequency is mainly determined or influenced by
the length of the low band portion LB measured from the
feeding point FP to the inner end of the spiral, which
length corresponds to one quarter of a wavelength at
the low resonance frequency. When an electrical signal
with frequencies in the low frequency band is fed to the
feeding point FP of the antenna, corresponding electro-
magnetic signals will be radiated from the low band por-
tion LB of the antenna as radio waves; and, vice versa,
when the antenna receives electromagnetic signals in
the form of radio waves with frequencies in the low fre-
quency band, electrical signals will be generated by the
low band portion LB of the antenna, and the thus gen-
erated electrical signals are sensed at the feeding post
FP by receiving electronic circuitry connected to the an-
tenna.
[0012] The first high band portion HB1 of the antenna
is tuned to have a first high resonance frequency, such
as 1800 MHz, and predefined bandwidth to define a first
high frequency band. The first high resonance frequen-
cy is mainly determined or influenced by the length of
the first high band portion HB1 measured from the feed-
ing point FP to the inner end of the spiral, which length
corresponds to one quarter of a wavelength at the first
high resonance frequency. When an electrical signal
with frequencies in the first high frequency band is fed
to the feeding point FP of the antenna, corresponding
electromagnetic signals will be radiated from the first
high band portion HB1 of the antenna as radio waves,
and, vice versa, when the antenna receives electromag-
netic signals in the form of radio waves with frequencies
in the first high frequency band, electrical signals will be
generated by the first high band portion HB1 of the an-
tenna, and the thus generated electrical signals are also
sensed at the feeding point FP by receiving electronic
circuitry connected to the antenna.
[0013] Together, the low band portion LB and the first
high band portion HB1 of the antenna form a dual band
antenna which is usable in mobile telephones operating
in two frequency bands such as 900 MHz and 1800

MHz.
[0014] So far the antenna of the invention corre-
sponds to the known antenna shown in figure 1.
[0015] In accordance with the invention the antenna
also has a second high band portion HB2 in the form of
a second conductor portion CP2 arranged in a parallel
relationship to the first conductor portion CP1 and at a
predetermined distance therefrom. At a first end the sec-
ond high band portion HB2 has a grounding point elec-
trically connected through a second grounding post GP2
to ground potential on the PCB. The second grounding
post GP2 is arranged in close vicinity of the feeding post
FP, preferably at a distance of 0.5 mm, or at least in the
range between 0.1 mm and 1.0 mm.
[0016] Together the first conductor portion CP1 and
the second conductor portion CP2 form an electrical ca-
pacitor. A capacitive or parasitic coupling therefore ex-
ists between the first conductor portion CP1 and the sec-
ond conductor portion CP2. The second high band por-
tion HB2 of the antenna is tuned to have a second high
resonance frequency, such as 1900 MHz, and prede-
fined bandwidth to define a second high frequency
band. The second high resonance frequency is mainly
determined or influenced by the length of the second
conductor portion CP2, which corresponds to one quar-
ter of a wavelength at the second high frequency, and
the capacitive coupling between the first conductor por-
tion CP1 and the second conductor portion CP2.
[0017] In the alternative, the first high band portion
HB1 of the antenna can be tuned to the higher one of
the two high band resonance frequencies - here 1900
MHz, and the second high band portion HB2 of the an-
tenna can be tuned to the lower one of the two high band
resonance frequencies - here 1800 MHz.
[0018] When an electrical signal with frequencies in
the second high frequency band is fed to the feeding
post FP of the antenna, these signals will be coupled to
the second conductor portion CP2, due to the tuning of
the capacitive or parasitic coupling existing between the
first conductor portion CP1 and the second conductor
portion CP2, and corresponding electromagnetic sig-
nals will be radiated from the second high band portion
HB2 of the antenna as radio waves. When the antenna
receives electromagnetic signals in the form of radio
waves with frequencies in the second high frequency
band, electrical signals will, vice versa, be generated by
the second high band portion HB2 of the antenna, and
these signals will be coupled to the first conductor por-
tion CP1, and the thus generated electrical signals are
also sensed at the feeding post FP by receiving elec-
tronic circuitry connected to the antenna.
[0019] The first high band portion HB1 of the antenna
is arranged on one side of the first linear conductor por-
tion CP1, and the second high band portion HB2 of the
antenna is arranged on the opposite side of first linear
conductor portion CP1. Hereby interference between
the two high frequency bands is reduced to a minimum.
[0020] In figure 3 it is seen most clearly that the active
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portions of the antenna (including the linear conductor
portions CP1 and CP2, the low and high band portions
LB, HB1 and HB2) are spaced from the printed circuit
board PCB. In the space between the active portions of
the antenna and the PCB there is a dielectric substrate
DE with physical dimensions and specific dielectric
properties selected for the proper functioning of the an-
tenna. The thickness of the dielectric substrate DE is not
necessarily the same as the distance separating the ac-
tive portions of the antenna from the printed circuit board
PCB.
[0021] When used in a mobile telephone, the active
portions of the antenna may be placed close to the inner
side of a housing wall of the telephone or even fixed or
secured thereto, eg by gluing. In such case the dielectric
properties of the housing material and their influence on
the functioning of the antenna should be taken into ac-
count.
[0022] In figure 5 is shown a typical return loss for a
multi frequency band antenna according to the inven-
tion. The return loss is here expressed as the voltage
standing wave ratio (VSWR) of the antenna drawn on a
linear frequency scale from 500 MHz to 2.5 GHz. The
return loss has one distinct minimum at a low frequency
band and two minima at two high frequency bands HF1
and HF2 relatively close to each other.

Claims

1. A multi frequency band antenna comprising

- a low band portion (LB) tuned to a low frequen-
cy band (LF), and

- a first high band portion (HB1) tuned to a first
high frequency band (HF1; HF2) at higher fre-
quencies than the low frequency band (LF),
where the low band portion (LB) and the first
high band portion (HB1) have

- a common first grounding point (GP1),
- a common feeding point (FP) for feeding input

signals to the antenna and for outputting sig-
nals from the antenna, and

- a first conductor portion (CP1) forming part of
the low band portion (LB) and of the first high
band portion (HB1), the first conductor portion
(CP1) being electrically connected to the first
grounding point (GP1) and to the common
feeding point (FP),

characterized in that a second high band portion
(HB2) is coupled to the first conductor portion (CP1)
and tuned to a second high frequency band (HF2;
HF1) at a higher frequency than the low frequency
band (LF) and different from the first high frequency
band (HF1; HF2).

2. An antenna according to claim 1, characterized in

that the second high band portion (HB2) includes a
second conductor portion (CP2) capacitively cou-
pled to the first conductor portion (CP1).

3. An antenna according to claims 1-2, characterized
in that the first conductor portion (CP1) and the sec-
ond conductor portion (CP2) each include substan-
tially linear portions.

4. An antenna according to claim 3, characterized in
that the second conductor portion (CP2) is ar-
ranged substantially parallel to the first conductor
portion (CP1).

5. An antenna according to claim 4, characterized in
that the second conductor portion (CP2) is ar-
ranged substantially parallel to the first conductor
portion (CP1) over a length corresponding to one
quarter of a wavelength of a frequency in the sec-
ond high frequency band (HF2; HF1).

6. An antenna according to claim 1, characterized in
that each of the low band portion (LB) and the first
high band portion (HB1) is configured substantially
in a spiral form and each branches off from the sub-
stantially linear first conductor portion (CP1) at a
first side of the first conductor portion (CP1).

7. An antenna according to claim 6 characterized in
that the second high band portion (HB2) is ar-
ranged at a second side opposite the first side of
the first conductor portion (CP1).

8. An antenna according to claim 6, characterized in
that each of the low band portion (LB) and the first
high band portion (HB1) spirals includes substan-
tially linear portions of conductive material.

9. An antenna according to claim 8, characterized in
that the substantially linear portions of conductive
material are arranged in pairs forming substantially
right angles.

10. An antenna according to any one of the claims 1-9,
characterized in that a carrier (DE) with predeter-
mined dielectric properties supports the antenna.

11. An antenna according to any one of the claims 1-10,
characterized in that the second high band portion
(HB2) has a second grounding point (GP2) ar-
ranged in close vicinity of the feeding point (FP) of
the antenna.

12. An antenna according to claim 11, characterized
in that the grounding point (GP2) of the second high
band portion (HB2) is arranged at a distance be-
tween 0.1 mm and 1.0 mm from the feeding point
(FP) of the antenna.
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13. An antenna according to claim 11, characterized
in that the grounding point (GP2) of the second high
band portion (HB2) is arranged at substantially 0.5
mm distance from the feeding point (FP) of the an-
tenna.

14. A mobile communications unit having an antenna
according to any one of the preceding claims.
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