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(54) Antenna device

(57) It is presented an antenna device for a mobile
communication terminal comprising: a radiating element
and a connection point on the radiating element. The
radiating element comprises at least one section ar-
ranged at a position which comprises an area of the ra-
diating element with an electric field which is, when the

antenna device is in use, stronger than an average elec-
tricfield of the radiating element. Furthermore, the atleast
one section is arranged closer to a ground plane of the
mobile communication terminal than other parts of the
radiating element, and the at least one section is essen-
tially parallel to the ground plane. A corresponding mobile
communication terminal is also presented.
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Description
Field Of Invention

[0001] The present invention generally relates to an-
tenna devices and in particular to reducing effect of near-
by objects of antenna devices.

Background

[0002] Planar antennas have found a widespread use
in many fields, such as for mobile communication. A con-
ventional planar antenna is shown in Fig 1. The antenna
device 1 has conducting surface of a radiating element
3 is provided spaced apart from a ground plane 6 in the
form of a large conducting surface and with air between
the conducting surface and the ground plane. Spacers
can be used to fix the position of the radiating element 3
in an essentially parallel position in relation to the ground
plane 6. The radiating element 3 is connected at a con-
nection point 4 to a signal source 7. By means of a slit
5, severalresistive paths of different lengths are provided
from the connection point 4, for example creating a low
band (LB) section and a high band (HB) section of the
radiating element 3. Hence, several sets of frequencies
can be tuned to. Asis known in the art, a parasitic element
10 is often provided to improve performance of the an-
tenna device 1. The parasitic element 10 is connected
to ground at a ground connection point 11.

[0003] Fig 2 shows a typical position of an antenna
device in a mobile communication terminal 40. The
ground plane 6 is relatively large and the radiating ele-
ment 3 is relatively small. The radiating element 3 is lo-
cated close to the casing of the mobile communication
terminal 40. Typically, the radiating element 3 is located
close to a rear surface 43 of the mobile communication
terminal 40. The rear surface 43 is opposite the front
surface 44, where display 41, keypad 42, etc. are pro-
vided.

[0004] A problem occurs when a part of a user’s body,
such as a finger is placed close to the radiating element
3 of the mobile terminal 40. Due to the proximity of the
finger to the radiating element 3, performance of the an-
tenna is decreased. Since the presence of fingers is very
common whenever the user uses the mobile communi-
cation terminal for voice calls, unless a hands-free unit
is used, such a situation would greatly benefit from any
performance improvements.

[0005] The American patent application with publica-
tion number US2007/0241977 presents position sensors
for detecting the position of the user’'s hand on the hous-
ing. The output signals from the sensors are used by a
controller to adjust the source impedance of the trans-
mitter and/or receiver based on the position of the user’s
hand to match the antenna impedance.

[0006] While such asolutionisto some extent reduces
the negative effect of the presence of the fingers or hand,
the effects are not eliminated.
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[0007] Consequently, there is a need for an antenna
device with improved performance in the presence of
hands or fingers.

Summary

[0008] Inview of the above, an objective of the present
invention is to alleviate the problem of reduced perform-
ance when a finger is placed near an antenna device.
Generally, the above objectives are achieved by the at-
tached independent patent claims.

[0009] According to a first aspect of the present inven-
tion it is provided an antenna device for a mobile com-
munication terminal comprising: a radiating element and
aconnection pointon the radiating element. The radiating
element comprises at least one section arranged at a
position which comprises an area of the radiating element
with an electric field which is, when the antenna device
is in use, stronger than an average electric field of the
radiating element. Furthermore, the at least one section
is arranged closer to a ground plane of the mobile com-
munication terminal than other parts of the radiating el-
ement, and the at least one section is essentially parallel
to the ground plane.

[0010] In other words, at least one section of the radi-
ating element is provided at a larger distance from the
casing of the mobile communication terminal. By provid-
ing sections of the radiating element, where the electrical
field is high, closer to the ground plane, the losses due
to finger placement are reduced. This results in a reduc-
tion in power use and/or improved reception with the an-
tenna device. Since larger volume, as defined by the ra-
diating element and the ground place, are better in terms
of bandwidth and gain, there is a driving force within the
prior art to keep the volume as large as possible, only
restricted by physical constraints of the mobile commu-
nication terminal. Furthermore, the introduction of this
invention still allows for excellent free space perform-
ance.

[0011] The at least one section may comprise an area
of the radiating element with an electric field which is,
when the antenna device is in use, stronger than any
other area of the radiating element.

[0012] A shortest distance between the ground plane
and the at least one section may be less than nine tenths
of a shortest distance between the ground plane and the
other parts of the radiating element.

[0013] The at least one section may comprise an end
section of the radiating element, wherein the end section
has an average resistive path to the connection point
which is longer than an average resistive path to the con-
nection point of one other end sections of the radiating
element.

[0014] It has been found that the electrical field is rel-
atively high at such an end section where a voltage dif-
ference in relation to the connection point is relatively
large. It is to be noted that the connection point is not a
zero dimensional point; itis atwo dimensional connection
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area of the radiating element, but since its area is small
in relation to the radiating element, it is conveniently
called a connection point.

[0015] The at least one section may comprise an end
section of the radiating element, wherein the end section
has an average resistive path to the connection point
which is longer than average resistive paths to the con-
nection point of all other end sections of the radiating
element.

[0016] A shortest resistive distance from a free end of
the end section to the other parts of the radiating element
may be at least one tenth of a shortest resistive distance
from the free end to the connection point.

[0017] The end section may be of rectangular shape.
[0018] The radiating element may comprise a slit and
the at least one section may comprise two sections at
opposite sides of the slit, by an opening of the slit.
[0019] Bythe openingofaslit, there is arelatively large
difference in voltage, resulting in a relatively large elec-
trical field.

[0020] Theantennadevice may further comprise apar-
asitic element with a ground connection point. The par-
asitic element may comprise a parasitic end section ar-
ranged at a position which comprises an area of the par-
asitic element with an electric field which is, when the
antenna device is in use, stronger than an average elec-
tric field of the parasitic element, and the parasitic end
section may be arranged closer to the ground plane of
the mobile communication terminal than other parts of
the parasitic element, and the parasitic end section is
essentially parallel to the ground plane.

[0021] Itistobe noted that the ground connection point
is not a zero dimensional point; it is a two dimensional
connection area of the radiating element, but since its
area is small in relation to the radiating element, it is con-
veniently called a ground connection point.

[0022] The parasitic end section may have an average
resistive path to the ground connection point which is
longer than an average resistive path to the ground con-
nection point of another end section of the radiating ele-
ment. Alternatively, or additionally, the parasitic end sec-
tion may have an average resistive path to the ground
connection point which is longer than average resistive
paths to the ground connection point of all other end sec-
tions of the parasitic element.

[0023] A shortest resistive distance from a free end of
the parasitic end section to the other parts of the parasitic
element may be at least one tenth of a shortest resistive
distance from the free end of the parasitic end section to
the ground connection point.

[0024] A second aspect of the invention is a mobile
communication terminal comprising an antenna device
according to the first aspect.

[0025] Other objectives, features and advantages of
the present invention will appear from the following de-
tailed description, from the appended dependent claims
as well as from the drawings.

[0026] Generally, all terms used in the claims are to
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be interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the element, device, component,
means, step, etc" are to be interpreted openly as referring
to at least one instance of the element, device, compo-
nent, means, step, etc., unless explicitly stated other-
wise. The steps of any method disclosed herein do not
have to be performed in the exact order disclosed, unless
explicitly stated.

Brief Description Of Drawings

[0027] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:

Fig 1 is a schematic perspective view of a conven-
tional antenna device;

Fig 2 is a schematic side view showing the position
of the antenna device of Fig 1 in a mobile commu-
nication terminal;

Fig 3 is a graph showing total and impedance mis-
match loss with various finger positions with an an-
tenna device such as the antenna device of Fig 1;

Fig 4 is a plan view of an embodiment of the present
invention where an end section of a radiating ele-
ment is lowered;

Fig 5 is a plan view of an embodiment of the present
invention where opposite sections by an opening of
a slit of a radiating element are lowered;

Fig 6 is a plan view of an embodiment of the present
invention where an end section of a parasitic element
is lowered;

Fig 7 is a plan view of an embodiment of the present
invention being a combination of the embodiments
of Figs 4 to 6; and

Fig 8 is a perspective view of an embodiment of the
present invention being a combination of the embod-
iments of Figs 4 to 6.

Detailed Description Of Preferred Embodiments

[0028] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which certain embodiments of the inven-
tion are shown. This invention may, however, be embod-
ied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather,
these embodiments are provided by way of example so
that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled
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in the art. Like numbers refer to like elements throughout
the description.

[0029] Fig 3 is a graph showing total and impedance
mismatch loss in relation to various finger positions with
an antenna device such as the antenna device 1 of Fig
1. The x axis represents frequency and the y axis repre-
sents loss in dB. The x axis is divided into two parts for
two commonly used frequency ranges around 900 MHz
and 1800 MHz, respectively. Solid lines 54a-d represent
when a finger is placed on a high band (HB) portion of
the antenna device. There is of course a casing between
the actual radiating element of the antenna device and
the finger. Nevertheless, the actual distance is still small
in relation to the planar dimensions of the antenna device.
Dashed lines 55a-d represent when a finger is placed on
a centre portion of the antenna device and dotted lines
56a-d represent when a finger is placed on a low band
portion of the antenna device.

[0030] As can be seen by the upper lines 54a, 55a,
564a, there are substantial total losses in the frequency
range of 870 - 1000 MHz. The lower lines 54b, 55b, 56b
represent losses that are due to mismatched impedanc-
es. Atleastin theory, the mismatched losses can be elim-
inated with perfectly matched impedances. Neverthe-
less, even if the mismatch losses are completely elimi-
nated, there is still a large loss remaining, represented
by the difference between the lower lines 54b, 55b, 56b,
representing the impedance mismatch losses for the re-
spective finger positions, and the upper lines 54a, 553,
56a, representing the total losses for the respective finger
positions. This remaining loss is in the range of 12 to 14
dB for the lower frequency range. For the higher frequen-
cy range of 1730 MHz to 1880 MHz the remaining loss
is somewhat lower, but still significant. The losses which
are not mismatch losses are at least partly due to ab-
sorption of the electrical field by the finger. As can be
seen from these figures, any reduction in losses due to
finger placement can be quite significant.

[0031] With reference to Fig 1, by providing sections
of the radiating element 3, where the electrical field is
high, closerto the ground plane 6, the losses due to finger
placement are reduced. The sections that are lowered
towards the ground plane 6 should be significant enough
in size to produce such an effect. For example, the sec-
tions may be provided such that they are kept essentially
parallel to the ground plate, but at a level closer to the
ground plate than other parts of the radiating element 3.
[0032] However, performance, and particularly band-
width, of the antenna device is improved with a greater
total volume as defined by the radiating element 3 and
the ground plane. Therefore, for example, if the whole
radiating element is lowered towards the ground plane,
losses due to finger placement are indeed reduced, but
at the cost of significant reduction of bandwidth. Hence,
it is desired to lower only those parts of the radiating
element where the electrical field is high relative to other
parts of the radiating element. In this way, losses due to
finger placement are reduced, but without affecting band-
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width a great deal, or at least at an acceptable level.
[0033] Figs 4 to 6 are schematic diagrams showing
various embodiments of the present invention where dif-
ferent sections are lowered towards the ground plane.
[0034] In Fig 4, it is shown how an end section 21 is
lowered in relation to the ground plane. The end section
21 is the end section with the greatest average resistive
path to the connection point 4. The radiating element 3
has a free end 28 being the end with the longest average
resistive distance to the connection point 4. In one em-
bodiment, a shortest resistive distance from the free end
28 to other parts (which are not lowered) of the radiating
element 3, is at least a fraction of a shortest resistive
distance from the free end 28 to the connection point 4.
The fraction can for example be a tenth, an eighth or a
quarter.

[0035] Since the resistive distance to the section 21 is
long from the connection point 4, the electrical field is
high in this region. Consequently, by lowering this end
section 21 towards the ground plane, the physical dis-
tance to the casing and therefore any finger on the casing
is increased. Losses due to finger placement, e.g. due
to absorption of electrical field by the finger, is thereby
reduced.

[0036] In Fig 5, two sections 20a and 20b are lowered
towards the ground plane. It has been found that sections
20a and 20b, opposite each other by the opening of the
slit 5, generate a high electrical field. The shortest resis-
tive path between these two sections 20a and 20b is rel-
atively large. Hence, by lowering these sections 20a and
20b towards the ground plane, losses due to finger place-
ment is reduced.

[0037] In Fig 6, a parasitic end section 22 of the para-
sitic element 10 is lowered towards the ground plane.
This section is the end section of the parasitic element
10 with the greatest resistive path to the ground connec-
tion point 11. The parasitic end section 22 of the parasitic
element 10 has a free end 24 which is the end with the
longest average resistive distance to the ground connec-
tion point 11. In one embodiment, a shortest resistive
distance 25 from the free end 24 to other parts (which
are not lowered) of the parasitic element, is at least a
fraction of a shortest resistive distance 26 from the free
end 24 to the ground connection point 11. The fraction
can for example be a tenth, an eighth or a quarter. Since
the electrical field is relatively high in the region around
the end section 22 of the parasitic element 10 and this
section 22 is lowered towards the ground plane, losses
due to finger placement is reduced.

[0038] The embodiments illustrated in Figs 4-6 above
can be freely be combined to achieve desired combina-
tion of reduced loss due to finger placement and volume
reduction, as defined by the radiating element and the
ground plate.

[0039] For example, as shown in Fig 7, all lowered el-
ements of Figs 4-6 are combined in one embodiment.
Here, the end section 22 of the parasitic element, the end
section 21 of the radiating element and the opposing sec-



7 EP 2 120 287 A1 8

tions 20a, 20b by the entrance of the slit 5 are all lowered.
In this embodiment there is an overlap of the end section
of the radiating element 3 and one section 20a by the
entrance of the slit. However, this is not an issue, since
both these sections 20a, 20b are lowered towards the
ground plane.

[0040] To simplify production, a section 23 adjacent to
one section 20b by the entrance of the slit can also be
lowered.

[0041] Fig 8 is a perspective view of the embodiment
shown in Fig 7. As can be seen, all dashed areas 22, 21,
20a, 20b, 23 are lowered towards the ground plane 6. It
is to be noted that this is a mere schematic illustration.
More specifically, the size and shape of the lowered sec-
tions 22,21, 20a, 20b, 23 can be varied as desired. More-
over, the transition from a lowered section to other, not
lowered sections, is not necessarily a straight fold as
shown here. The transition can also be slanted or of a
more rounded shape.

[0042] Theinventionhasmainly beendescribed above
with reference to a few embodiments. However, as is
readily appreciated by a person skilled in the art, other
embodiments than the ones disclosed above are equally
possible within the scope of the invention, as defined by
the appended patent claims.

Claims

1.  An antenna device (1) for a mobile communication
terminal comprising:

a radiating element (3); and
a connection point (4) on said radiating element

(3);

characterised in that

said radiating element (3) comprises at least one
section (21, 20a, 20b) arranged at a position which
comprises an area of said radiating element (3) with
an electric field which is, when said antenna device
is in use, stronger than an average electric field of
said radiating element (3); and

said at least one section (21, 20a, 20b) is arranged
closer to a ground plane (6) of said mobile commu-
nication terminal than other parts of said radiating
element (3), and said at least one section (21, 20a,
20b) is essentially parallel to said ground plane (6).

2. The antenna device according to claim 1, wherein
said at least one section (21, 20a, 20b) comprises
an area of said radiating element (3) with an electric
field which is stronger than any other area of said
radiating element (3).

3. Theantennadevice according to claim 1 or 2, where-
in a shortest distance between said ground plane (6)
and said at least one section (21, 20a, 20b) is less
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than nine tenths of a shortest distance between said
ground plane (6) and said other parts of said radiating
element (3).

4. The antenna device according to any one of claims

1 to 3, wherein said at least one section comprises
an end section (21) of said radiating element, where-
in said end section (21) has an average resistive
path to said connection point (4) which is longer than
an average resistive path to said connection point
(4) of one other end sections of said radiating ele-
ment.

5. The antenna device according to any one of claims

1 to 4, wherein said at least one section comprises
an end section (21) of said radiating element, where-
in said end section (21) has an average resistive
path to said connection point (4) which is longer than
average resistive paths to said connection point (4)
of all other end sections of said radiating element.

6. Theantennadevice accordingtoclaim4 or 5, where-

in a shortest resistive distance from a free end (28)
of said end section to said other parts of said radiat-
ing element is atleast one tenth of a shortestresistive
distance from said free end (28) to said connection
point (4).

7. The antenna device according to any one of claims

4106, wherein said end section (21) is of rectangular
shape.

8. The antenna device according to any one of the pre-

vious claims, wherein said radiating element com-
prises a slit (5) and said at least one section com-
prises two sections (20a, 20b) at opposite sides of
said slit, by an opening of said slit (5).

9. The antenna device according to any one of the pre-

vious claims, wherein:

said antenna device further comprises a para-
sitic element (10) with a ground connection point
(1),

said parasitic element (10) comprises a parasitic
end section (22) arranged at a position which
comprises an area of said parasitic element (10)
with an electric field which is, when said antenna
device is in use, stronger than an average elec-
tric field of said parasitic element (10), and
said parasitic end section (22) is arranged closer
to said ground plane (6) of said mobile commu-
nication terminal than other parts of said para-
sitic element (10), and said parasitic end section
(22) is essentially parallel to said ground plane

(6).

10. The antenna device according to claim 9, wherein
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said parasitic end section (22) has an average re-
sistive path to said ground connection point (11)
which is longer than an average resistive path to said
ground connection point (11) of another end section
of said parasitic element.

The antenna device according to claim 10, wherein
a shortest resistive distance from a free end (24) of
said parasitic end section (22) to said other parts of
said parasitic element (10) is at least one tenth of a
shortest resistive distance from said free end (24) of
said parasitic end section (22) to said ground con-
nection point (11).

A mobile communication terminal comprising a
ground plane and an antenna device according to
any one of the previous claims.
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