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(54) Mobile terminal with two antennas for reducing the rf radiation exposure of the user

(57) For a mobile terminal for receiving wireless
transmissions from a transmitter and transmitting wire-
less transmissions to a receiver it proposed to provide
an antenna arrangement having a plurality of antenna
elements (31, 32) each provided on or within a common
body (39) or a respective body of the terminal (30) in a
defined spatial relation to a conducting chassis part (33),
wherein at least one first antenna element (31) is located

on a first side and at least one second antenna element
(32) is located on a second side of the same conductive
chassis part (33) or of the respective conducting chassis
part, wherein high frequency circuitry, for transmitting a
respective wireless transmission, is adapted to simulta-
neously drive said first antenna element and said second
antenna element by feeding the same or corresponding
high frequency signals to said first antenna element (31)
and to said second antenna element (32).
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Description

[0001] The invention relates to a mobile terminal for
receiving wireless transmissions from a transmitter and
transmitting wireless transmissions to a receiver, in par-
ticular for use in a wireless telecommunication system,
comprising: a casing with at least one body, said body
having a conducting chassis part and electronic means
preferably including at least one element of the group
consisting of a control element arrangement, at least one
display element, a microphone, a speaker arrangement,
electronic circuitry, high frequency circuitry and a storage
battery, said body further having a first surface located
on a first side of its conducting chassis part and a second
surface located on a second side of its conducting chas-
sis part, the control element arrangement and the display
element, if provided, being accommodated in a respec-
tive surface of the body and the electronic circuitry, the
high frequency circuitry and the storage battery, if pro-
vided, being arranged within the respective body; and an
antenna arrangement provided on or within said body,
said antenna arrangement together with associated high
frequency circuitry or said antenna arrangement together
with said conducting chassis part and associated high
frequency circuitry being adapted to receiving wireless
transmissions and transmitting wireless transmissions in
at least one predetermined frequency band. In particular
it is referred to mobile phones and other mobile terminals
of the so-called monoblock or brick type.
[0002] The invention further relates to mobile terminal
for receiving wireless transmissions from a transmitter
and transmitting wireless transmissions to a receiver, in
particular for use in a wireless telecommunication sys-
tem, comprising: a casing with a first body and a second
body, each body having a conducting chassis part and
electronic means preferably including at least one ele-
ment of the group consisting of a control element arrange-
ment, at least one display element, a microphone, a
speaker arrangement, electronic circuitry, high frequen-
cy circuitry and a storage battery, each body having a
first surface located on a first side of its conducting chas-
sis part and a second surface located on a second side
of its conducting chassis part, the control element ar-
rangement and the display element, if provided, being
accommodated in a respective surface of the body and
the electronic circuitry, the high frequency circuitry and
the storage battery, if provided, being arranged within
the respective body; a relative movement mechanism
linking the first body and the second body and allowing
a relative movement between the two bodies between a
plurality of operational relative positions, wherein at least
in a closed operational relative position the second sur-
face of the first body faces and covers at least partially
the first surface of the second body; and an antenna ar-
rangement provided on or within at least one associated
of said bodies, said antenna arrangement together with
associated high frequency circuitry or said antenna ar-
rangement together with said conducting chassis part

and associated high frequency circuitry being adapted
to receiving wireless transmissions and transmitting wire-
less transmissions in at least one predetermined frequen-
cy band. In particular it is referred to mobile phones and
other mobile terminals of the so-called slider type or of
the so-called clam-shell type or folder type.
[0003] The specific absorption rate (SAR) is currently
the standard measure for assessing human exposure to
radiofrequency electromagnetic fields (RFEMF). The in-
ternationally binding safety limits, which are recommend-
ed and enforced in order to protect the population from
excessive electromagnetic exposure, are defined in
terms of SAR. Consequently, mobile units are required
to have their SAR values below the safety limits before
they may be offered to the end-users.
[0004] Typically, the front side of mobile phones con-
tains a major part of the user-interface elements, such
as display, speaker, microphone, and input units includ-
ing keys and buttons and the like. This side of the mobile
phone is commonly referred to as the "display side" of
the phone, whereas the back part, which is the opposite
side, is referred to as the "antenna side", due to the fact
that internal GSM antennas are placed in most cases on
the back side of the terminal.
[0005] The abovementioned two sides are separated
by the phone chassis, which can be identified as the com-
bination of conductive parts found within the handset,
such as the printed circuit board (PCB) or the printed wire
board (PWB) of the phone as well as shielding units and
other elements alike.
[0006] Due to the fact that with most mobile phones
known from the art, the head of the user faces the display
side of the mobile phone in a normal talk position, there
have been proposed many different solutions for the re-
duction of user exposure and thus the SAR values, for
this particular usage scenario. However, the majority of
these techniques are based on controlling the strength
and behaviour of the near-fields at this side of the phone;
therefore, they have limited or no impact on other usage
scenarios where the mobile phone is situated in a differ-
ent position close to or on the human body, such as for
the case in which the antenna is extremely close to the
body and the like.
[0007] Some of the earlier approaches for reducing us-
er exposure to RFEMF and thereby reducing the SAR
values, such as the use of specific magnetic materials,
such as ferrites, or the use of wave-absorbing materials,
may also help for different possible user-scenarios as
outlined above. However, these approaches are known
to have high losses, and result in the deterioration of the
radiation performance, in addition to increasing the cost
of manufacturing.
[0008] EP 1 109 247 A1 describes an antenna arrange-
ment comprising two or more antennas with a different
radiation pattern in the near field and a control device for
switching between the different antennas so that they are
only operated half or a certain portion of the time. For
this purpose, simply a power splitter or a switch is used.

1 2 



EP 2 023 436 A1

3

5

10

15

20

25

30

35

40

45

50

55

Accordingly, with the use of two antennas the SAR value
can be reduced up to 50 % and by use of three antennas
up to 67 %. This multiple antenna approach, however, is
based on an assumed user behavior including the ten-
dency to hold the mobile telephone always in the same
way. As a consequence, this approach is not helpful for
usage scenarios where not only the display side of the
phone, but also the antenna side of the phone faces the
the human body. Besides, the control circuitry to be pro-
vided for the operation of the two antennas increases the
production costs significantly.
[0009] It is an object of the invention to provide a mobile
terminal of the above-referenced types which allows to
provide for relatively low SAR values irrespectively of a
current operation position of a number of different pos-
sible operating positions. Preferably, this object is
achieved on basis of a very simple structure.
[0010] The object of the invention is achieved by a mo-
bile terminal for receiving wireless transmissions from a
transmitter and transmitting wireless transmissions to a
receiver, in particular for use in a wireless telecommuni-
cation system, comprising: a casing with at least one
body, said body having a conducting chassis part and
electronic means preferably including at least one ele-
ment of the group consisting of a control element arrange-
ment, at least one display element, a microphone, a
speaker arrangement, electronic circuitry, high frequen-
cy circuitry and a storage battery, said body further having
a first surface located on a first side of its conducting
chassis part and a second surface located on a second
side of its conducting chassis part, the control element
arrangement and the display element, if provided, being
accommodated in a respective surface of the body and
the electronic circuitry, the high frequency circuitry and
the storage battery, if provided, being arranged within
the respective body; and an antenna arrangement pro-
vided on or within said body, said antenna arrangement
together with associated high frequency circuitry or said
antenna arrangement together with said conducting
chassis part and associated high frequency circuitry be-
ing adapted to receiving wireless transmissions and
transmitting wireless transmissions in at least one pre-
determined frequency band.
[0011] According to the invention said antenna ar-
rangement has a plurality of antenna elements each pro-
vided on or within an associated of said bodies in a de-
fined spatial relation to its conducting chassis part,
wherein at least one first antenna element is located on
the first side of the conducting chassis part of the first
body and at least one second antenna element is located
on the second side of the conducting chassis part of the
first body or of the second body, wherein said high fre-
quency circuitry, for transmitting a respective wireless
transmission, is adapted to simultaneously drive said first
antenna element and said second antenna element by
feeding the same or corresponding high frequency sig-
nals to said first antenna element and to second antenna
element.

[0012] This object of the invention is further achieved
by a mobile terminal for receiving wireless transmissions
from a transmitter and transmitting wireless transmis-
sions to a receiver, in particular for use in a wireless tel-
ecommunication system, comprising: a casing with a first
body and a second body, each body having a conducting
chassis part and electronic means preferably including
at least one element of the group consisting of a control
element arrangement, at least one display element, a
microphone, a speaker arrangement, electronic circuitry,
high frequency circuitry and a storage battery, each body
having a first surface located on a first side of its con-
ducting chassis part and a second surface located on a
second side of its conducting chassis part, the control
element arrangement and the display element, if provid-
ed, being accommodated in a respective surface of the
body and the electronic circuitry, the high frequency cir-
cuitry and the storage battery, if provided, being arranged
within the respective body; a relative movement mecha-
nism linking the first body and the second body and al-
lowing a relative movement between the two bodies be-
tween a plurality of operational relative positions, wherein
at least in a closed operational relative position the sec-
ond surface of the first body faces and covers at least
partially the first surface of the second body; and an an-
tenna arrangement provided on or within at least one
associated of said bodies, said antenna arrangement to-
gether with associated high frequency circuitry or said
antenna arrangement together with said conducting
chassis part and associated high frequency circuitry be-
ing adapted to receiving wireless transmissions and
transmitting wireless transmissions in at least one pre-
determined frequency band.
[0013] According to the invention said antenna ar-
rangement has a plurality of antenna elements each pro-
vided on or within an associated of said bodies in a de-
fined spatial relation to its conducting chassis part,
wherein at least one first antenna element is located on
the first side of the conducting chassis part of the first
body and at least one second antenna element is located
on the second side of the conducting chassis part of the
first body or of the second body, wherein said high fre-
quency circuitry, for transmitting a respective wireless
transmission, is adapted to simultaneously drive said first
antenna element and said second antenna element by
feeding the same or corresponding high frequency sig-
nals to said first antenna element and to second antenna
element.
[0014] The relative movement mechanism may com-
prise an hinge arrangement effective between the two
bodies, allowing a swivelling or folding movement of the
two bodies with respect to each other between the closed
operational position and an open operational relative po-
sition in which the two surfaces both are uncovered. Al-
ternatively or additionally, the relative movement mech-
anism may comprise a shifting or sliding arrangement
effective between the two bodies, allowing a shifting or
sliding movement of the two bodies with respect to each
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other between the closed operational relative position
and an open operational position in which the two sur-
faces both are uncovered or both have a major uncovered
portion.
[0015] The mobile terminal, e.g. mobile phone, accord-
ing to the invention is disposable in at least two different
operation positions with respect to a user, in which either
the first side or the second side of the conducting chassis
part of at least one of the conducting chassis parts is
directed to the body of the user, so that in all said oper-
ation positions at least one of the antenna elements is
located farther away from the body of the user than at
least one other of the antenna elements. Since the con-
ducting chassis part is located between the antenna el-
ement being located farther away from the body and the
body, a certain shielding effect can be achieved with re-
spect to said antenna element being located farther away
from the body. Accordingly, by transmitting only or to a
larger extend via the antenna element located farther
away from the body of the user, unduly increased SAR
values can be avoided for all operation positions.
[0016] Basically, the mobile terminal, e.g. mobile
phone, can comprises an antenna structure having a
ground element, at least a first antenna element and at
least a second antenna element. The ground element is
provided by the or at least one of said conducting chassis
parts or can be a part of said conducting chassis part or
parts. In particular, the ground element can be provided
by a printed circuit board or printed wire board. According
to the invention, the ground element is disposed between
the first antenna element and the second antenna ele-
ment in such an arrangement that in all normal operation
positions the respective antenna element which is farther
distant from the user in the respective operation position
is substantially separated from the user by the ground
element and accordingly can be used for wireless trans-
missions without giving rise to increased SAR values.
[0017] The first antenna element and the second an-
tenna element can be electrically isolated from the
ground element, except for a connection via a probe to
the feed line for radiofrequency (RF) signal feed and re-
ception. In particular, an inverted L antenna, preferably
inverted L patch antenna (PILA) configuration can be re-
alized for both antenna elements. However, also an in-
verted F antenna, preferably inverted F patch antenna
(PIFA) configuration can be realized to advantage for
both antenna elements. In this case there would be a
grounding connection between the ground element and
the respective antenna element.
[0018] The first antenna element and the second an-
tenna element may be connected to each other directly,
i.e., in parallel, or alternatively, they may be connected
to each other via a matching network in between, de-
pending on the specifics of the type of the antennas being
used. The invention is restricted neither by the types of
the antennas being used, nor by the way their impedance
is matched to the impedance of the feeding line or feeding
lines.

[0019] For the implementation of the invention it should
not be ruled out to use an active concept of switching
between the antenna elements for transmitting respec-
tive wireless transmissions. For example, there might be
a control unit which determines on basis of certain sen-
sors, which of the antenna elements is the antenna ele-
ment farther away from the body and which controls a
switching arrangement to use only that antenna element
located farther away from the body for transmissions or
which directs on basis of appropriate means a larger por-
tion of the high frequency power to that antenna element
which is located farther away from the body than to the
other antenna element. Under free space conditions both
antenna elements could be used for transmitting respec-
tive wireless transmissions and of course also for receiv-
ing respective wireless transmissions.
[0020] However, preferably a passive realisation of an
antenna element selection is implemented. Preferred is
an embodiment, wherein the high frequency character-
istics of the first and second antenna elements in said
predetermined frequency band are adjusted or matched
such to each other or/and to the high frequency charac-
teristics of the high frequency circuitry that (i) under free
space conditions a first substantial portion of the high
frequency power associated to said wireless transmis-
sions is radiated via the first antenna element and a sec-
ond substantial portion of the high frequency power as-
sociated to said wireless transmissions is radiated via
the second antenna element and that (ii) under asym-
metric non free space conditions, when only a selected
one of the first and second antenna elements is dielec-
tricly (dielectrically) loaded or a selected one of the first
and second antenna elements is dielectricly (dielectrical-
ly) loaded stronger than the other of the first and second
antenna elements, the portion of the high frequency pow-
er associated to said wireless transmissions which is ra-
diated via said selected antenna element is reduced with
respect to the free space conditions, so that (iii) of the
overall high frequency power radiated via the first and
second antenna elements the relative portion which is
radiated via the selected antenna element under the
asymmetric non free space conditions is decreased with
respect to the free space conditions.
[0021] Said asymmetric non free space conditions in
particular relate to conditions under dielectric loading of
said selected antenna element by the body of a user, the
selected antenna element being that antenna element of
said first and second antenna elements which is nearer
to the body of the user depending whether the first or
second side is directed to the body of the user.
[0022] Due to said arrangement, when the mobile de-
vice is placed in free space, the first antenna element
and the second antenna element operate together, that
is, both of them contribute to the radiation. However,
when the mobile handset is placed close to a user’s body
in a specific position, the antenna element that is closer
to the user’s body undergoes dielectric loading, and
hence gets de-tuned. This leads to lower surface currents
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to flow on the detuned antenna element, leading to weak-
ened radiation. Conversely, the other antenna element,
which is placed on the other side of the ground element,
is not significantly influenced by the user’s presence, due
to the shielding effect of the ground element. Therefore,
this element does not suffer de-tuning, and thus radiates
effectively. Again, due to the presence of the ground el-
ement, which provides shielding, this antenna element
radiates away from the user. Consequently, the amount
of electromagnetic energy being irradiated into the user
is reduced, and the corresponding SAR values are sig-
nificantly lowered.
[0023] As already mentioned, the ground element con-
sidered here is constituted by a conductive part or con-
ductive parts such as a metal plate or the like. In partic-
ular, the ground element is constituted by or comprises
the chassis of the mobile device or at least one section
thereof.
[0024] Preferably, said first and second antenna ele-
ments are connected in parallel with a common feeding
point, directly or via a common matching network, the
common feeding point preferably being provided by an
output port of a common front end of said high frequency
circuitry. In this respect it is further proposed that said
first and second antenna elements share a common
feeding line connecting the feeding point or an output
port of the common matching network with a feeding junc-
tion connecting the first and second antenna elements
directly or via at least one matching or adjusting network
associated to a respective of the first and second antenna
elements. A branching point at which the common feed-
ing line is connected with the feeding junction may be
located on the conducting chassis part having the com-
mon front end or, alternatively, may be displaced from
the conducting chassis part having the common front
end. The latter may serve to adjust relative electrical
phases between the antenna elements.
[0025] Although the use of one common front end is
preferred in view of costs and constructional space re-
quirements, it should not be ruled out that said first and
second antenna elements are connected individually
with a respective first and second front end of said high
frequency circuitry, directly or via a respective matching
network, said front ends being operable to drive the first
and second antenna elements in parallel by feeding the
same or corresponding high frequency signals to said
first antenna element and to second antenna element.
One may even provide a respective first and second pow-
er amplifier for each of the antenna elements. Preferred
is of course to use a common front end and power am-
plifier arrangement for the antenna elements, as already
indicated.
[0026] In addition to the reduction of SAR values, the
arrangement according to the invention allows significant
enhancements in terms of the usable operating frequen-
cy bandwidth. This may be attributed to the use of a larger
effective volume by the two antennas, as well as a
smoother distribution of surface currents and electro-

magnetic near-fields within and around the handset and
a better coupling of the antenna arrangement to the con-
ducting chassis part or chassis parts, in particular the
ground element or ground elements mentioned in the
foregoing. The advantages outlined here can be obtained
for the frequency band or frequency bands where the
antenna arrangement with its antenna elements acts as
the main radiator. This may be attributed to a direct or
indirect coupling or interaction between the antenna el-
ements. Further, these advantages can also or even
more effective be achieved for the frequency band or
frequency bands where the antenna elements act as a
coupler which excites the conducting chassis part
(ground element) or conducting chassis parts (ground
elements) of the handset, which in turn becomes the main
radiator. This may be attributed to the better coupling
between the antenna arrangement and the conducting
chassis part or chassis parts.
[0027] Consequently, it becomes possible to effective-
ly cover multiple different cellular network frequency
bands, such as the lower frequency bands GSM / EGSM
(850, 900 MHz), and the higher frequency bands PCN
(1800 MHz), PCS (1900 MHz), UMTS / WCDMA (2100
MHz) and the like. A further advantage resulting from the
antenna structure according to the invention is an im-
provement in the radiated power performance of the mo-
bile device, which may be attributed to the low Q-factor
of the antenna, which in turn ensures that the strength
of the electromagnetic near-fields is lower and thereby
any possible thermal losses within the device are mini-
mal.
[0028] Another benefit resulting from the antenna
structure according to the invention is a possible minia-
turization of the overall device. This is attributed to the
improvement in the bandwidth at the lower frequency
bands, where the chassis of the phone acts as the main
radiator. It is known that the bandwidth of a radiating
structure may decrease when its size is reduced. There-
fore, reducing the size of the chassis of a handset usually
leads to a reduction of bandwidth in the lower bands.
However, by virtue of the invention, this may be compen-
sated, and consequently, the chassis of the phone, which
usually determines the overall size of the handset, can
be made smaller.
[0029] Further, the invention allows improvements of
the return loss in particular for lower frequency bands
(such as GSM 850 and EGSM 900). Accordingly, the
length of the chassis may be reduced further without com-
promising the performance. A further improvement with
respect to the operational bandwidth can be achieved
when the antenna elements are arranged such that they
extend to a certain extent beyond the periphery of the
chassis. The bandwidth’s improvement results from a
better coupling between the chassis and the respective
antenna element. It is known that such an arrangement
can cause an increase in SAR as well. However, since
the maximum SAR values which can result for the user
are limited according to the invention, it is possible to
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achieve a bandwidth improvement without too high SAR
values. In particular, both SAR reduction and bandwidth
improvement is possible.
[0030] In agreement with the invention is an implemen-
tation, wherein at least one preferably both of a structure
and electrical characteristics of the first antenna element
and of the second antenna element are substantially
equal or/and wherein a first antenna volume associated
to the first antenna element and a second antenna vol-
ume associated to the second antenna element are sub-
stantially equal or/and wherein a first high frequency cou-
pling between the first antenna element and the associ-
ated conducting chassis part is substantially as strong
as a second high frequency coupling between the second
antenna element and the associated conducting chassis.
[0031] Also, in agreement with the invention is an im-
plementation, wherein at least one of a structure and
electrical characteristic of the first antenna element and
of the second antenna element are substantially different
or/and a first antenna volume associated to the first an-
tenna element and a second antenna volume associated
to the second antenna element are substantially different
or/and a first high frequency coupling between the first
antenna element and the associated conducting chassis
part is substantially stronger or weaker than a second
high frequency coupling between the second antenna
element and the associated conducting chassis.
[0032] To advantage, the antenna arrangement may
be provided with or have associated means to equalize
or reduce a difference between electrical characteristics
of the first and second antenna elements or/and the first
and second high frequency coupling between the con-
ducting chassis part and the first antenna element and
the second antenna element, respectively, or/and phas-
es of currents associated to the first and second antenna
elements.
[0033] According to a preferred embodiment at least
one of the antenna elements is provided in the form of a
patch antenna element, wherein at least one vertical
patch antenna section is provided in order to increase or
decrease the coupling to the associated conducting
chassis part. At least one of the antenna elements may
be provided with a horizontal patch antenna section.
[0034] To advantage, at least one of the antenna ele-
ments may be provided with or may have associated a
delay element or delay network in order to increase an
effective electrical length relevant for the feeding and in-
fluencing the phase of currents associated to the respec-
tive antenna element.
[0035] Preferably, the first antenna element and the
second antenna element are balanced with regard to
their electrical characteristics. That is, the first and the
second antenna element are similar, if not identical in
terms of their radiation characteristics. The similarity of
the radiation characteristics may be reached by having
a first antenna element and a second antenna element
with a substantially equal structure.
[0036] However, as already indicated, the antenna

structure according to the invention is not limited to such
a configuration but includes the use of two antennas hav-
ing a different structure, for example, in terms of the ma-
terial used, their shape, size and orientation with respect
to each other and to the ground element. In this context
it is proposed to provide an matching or adjusting network
for adjustment of the electrical characteristics of the first
antenna element to the second antenna element, as al-
ready indicated.
[0037] For instance, it is quite common for many hand-
sets that the distance from the chassis to the formed sur-
face of the front cover of the phone is smaller than the
distance to the back surface of the phone. This sets the
limit on the volume of the respective antenna element,
which, in turn, determines the Q-factor. In order to provide
similar or equal Q-factors, in such a case the structure
of the antennas can be balanced to each other by vari-
ation of the shape, size and/or material of the respective
antenna elements and by provision of a matching or ad-
justing network.
[0038] A simple and effective configuration of a mobile
terminal, in particular mobile phone, according to the in-
vention is provided by placing the first antenna element
at the display side and the second antenna element at
the back side of the mobile terminal. In that case, a first
operation position is given when the display side of the
mobile phone is facing the user and a second operation
position is given when the back side of the mobile phone
is facing the user.
[0039] Particular advantages can be realized upon
combination of the invention with the antenna concept
described in WO 2005/109570 A1 or variants thereof.
Such antennas may appropriately be denoted as Dual-
Patch Planar Inverted-L Antennas and provide advan-
tages with respect to simplicity, bandwidth and ease of
implementation. When applying this concept, it is prefer-
able that at least one of the antenna elements is formed
as such a Dual-Patch Planar Inverted L-Antenna. Addi-
tionally, by placement of the patches of the antenna el-
ement vertically to the ground element - instead of placing
them in a planar arrangement - it becomes possible to
place one of the antenna elements on the front side (dis-
play side) of the mobile phone without the requirement
of any additional volume allocated for it. However, the
invention is not limited to using this particular antenna
concept. In fact, the invention works with various kinds
of antennas.
[0040] The first antenna element and the second an-
tenna element preferably are connected in parallel with
each other. An intermediate matching element may be
provided for connection, but the invention is not restricted
to such a configuration and works without an intermediate
matching element as well.
[0041] A mobile phone generally possesses a north or
top end (the end of the phone where the speaker is dis-
posed) and a south or bottom end (the end of the phone
where to microphone is disposed). Preferably, the first
antenna element and the second antenna element are
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disposed at the same end of north (top) end and south
(bottom) end, to advantage e.g. at the south (bottom) end
of the mobile phone.
[0042] Features, embodiments and particular aspects
of the invention are explained in the following with refer-
ence to the drawings.
[0043] Figure 1a shows a representative mobile phone
according to the prior art.
[0044] Figure 1b shows the representative mobile
phone of prior art disposed near a user, where the display
side faces the dielectric body.
[0045] Figure 1c shows the representative mobile
phone of prior art disposed near a user, where the an-
tenna side faces the dielectric body.
[0046] Figure 2a shows a side view of a first embodi-
ment of an antenna structure according to the invention.
[0047] Figure 2b shows a side view of a first embodi-
ment of an antenna structure according to the invention
disposed near a user, where the display side faces the
dielectric body.
[0048] Figure 2c shows a side view of a first embodi-
ment of an antenna structure according to the invention
disposed near a user, where the antenna side faces the
dielectric body.
[0049] Figure 3a shows a side view of a second em-
bodiment of an antenna structure according to the inven-
tion.
[0050] Figure 3b shows an additional view of a second
embodiment of an antenna structure according to the in-
vention.
[0051] Figure 4a shows an example of a common
matching circuit associated to a first and a second an-
tenna element connected in parallel.
[0052] Figure 4b shows the arrangement according to
Figure 4a having an additional delay element associated
to one of the antenna elements.
[0053] Figure 5 shows return loss measurements com-
paring an implementation of a twin antenna arrangement
according to the invention with a reference single anten-
na.
[0054] Figure 6 shows measured body-worn SAR val-
ues for the twin antenna and the reference antenna.
[0055] Figure 7a shows a first embodiment showing
an example for implementing the invention in a mobile
terminal of the clam-shell or folder type.
[0056] Figure 7b shows a second embodiment show-
ing another example for implementing the invention in a
mobile terminal of the clam-shell or folder type.
[0057] Figure 8a shows a first embodiment showing
an example for an implementation of the invention in a
mobile terminal of the slider type.
[0058] Figure 8b shows a second embodiment show-
ing a further example for an implementation of the inven-
tion in a mobile terminal of the slider type.
[0059] A schematic structure of an embodiment of a
mobile device of prior art is given in Figure 1a. The mobile
phone 10 comprises an antenna element 11, a chassis
structure or ground element 12, and has two sides, name-

ly the display side 13, which generally contains the user
interface elements, and the antenna side 14, where the
antenna element is located. The two sides may also be
called the front side, and the back side, respectively. The
phone has a casing or casing body 19.
[0060] Figure 1b shows a first operational position of
the mobile phone 10, where the display side 13 of the
device faces the body of the user. Since this operational
position occurs for the normal talk position for the prior
art, there have been proposed many solutions to reduce
the SAR values for this user scenario.
[0061] Figure 1c shows a second operational position
of the mobile phone 10, where the antenna side 14 of
the device faces the body of the user. The earlier solution
approaches targeted at the first operational position have
little or no impact on the SAR values in this second sce-
nario.
[0062] Figure 2a shows a first embodiment of the an-
tenna arrangement according to the invention for the mo-
bile device 20. The antenna arrangement comprises a
main antenna or first antenna 21 and a complementary
antenna or second antenna 22, which are positioned
within a casing or casing body 29 on opposite sides of
the chassis structure or ground element 23, namely, on
the display (front) side 24 and the antenna (back) side
25. A first feeding probe 26 for the main antenna 21 and
a second feeding probe 27 for the complementary an-
tenna 22 are provided for connecting the antennas to the
feeding line present on the chassis for RF signal feed
and reception. By this means the two antenna elements
are connected with a common front end of high frequency
circuitry of the mobile phone, possibly via a common im-
pedance matching network associated to both antenna
elements. The feeding probes may be connected to each
other directly, to form a single antenna port, which is then
connected to the main feeding line for RF signal feed and
reception. Alternatively, they may be retained as two sep-
arate ports, which are connected to each other for exam-
ple by means of an intermediate matching or adjusting
circuit, which in turn is be connected to the main feeding
line. Another possibility is that a matching or adjusting
network or element is integrated in one or both of said
feeding probes. The choice for the design of the combin-
ing/matching networks depends on the types of the an-
tennas being used, and does not restrict the idea of the
invention. In a physical implementation, it is possible to
build the combining/matching/adjusting networks or ele-
ments onto the PCB/PWB, or to integrate the combining/
matching networks within the antenna structures.
[0063] The antenna arrangement according to the in-
vention operates in a dynamic way so as to adjust to the
surroundings of the mobile device. If the mobile device
20 is placed in free space, both the main and the com-
plementary antenna will operate together, radiating into
the free space. However, if the device is disposed near
to a user’s body such that the display side 24 faces the
body, as shown in Figure 2b, then the complementary
antenna 22 undergoes dielectric loading by the (dielec-
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tric) body of the user, and thus gets de-tuned. Converse-
ly, the main antenna element 21, which is shielded away
from the user, is not significantly influenced by the pres-
ence of the body. Consequently, for this scenario, the
main antenna overshadows the complementary antenna
in terms of radiation performance, and as the main an-
tenna is shielded away from the user by means of the
chassis 23, which acts as an electrical ground element,
the electromagnetic energy radiates away from the user’s
body, resulting in low RFEMF exposure.
[0064] Similarly, if the device is disposed near to a us-
er’s body such that the antenna side 25 faces the body,
as shown in Figure 2c, then the main antenna 21 under-
goes dielectric loading, and thus gets de-tuned. Con-
versely, the complementary antenna element 22, which
is shielded away from the user, is not significantly influ-
enced by the presence of the (dielectric) body. Conse-
quently, for this scenario, the complementary antenna
overshadows the main antenna in terms of radiation per-
formance, and as the complementary antenna is shielded
away from the user by means of the chassis 23, which
acts as an electrical ground element, the electromagnetic
energy radiates away from the user’s body, resulting
again in low RFEMF exposure of the user.
[0065] In Figure 3a and Figure 3b, a further embodi-
ment of the antenna arrangement according to the inven-
tion is shown. In this embodiment, the antenna types for
the main antenna and the complementary antenna are
chosen as variants of the antenna structure described in
WO 2005/109570 A1. Figure 3a shows the device chas-
sis 33, the main or first antenna 31, and the complemen-
tary or second antenna 32. The main antenna feeding
probe 36 and the complementary antenna feeding probe
37 are directly connected to each other, and then con-
nected to the feeding line for RF signal feed and reception
by means of a third probe 38, combining the other two
probes. In this way, a unified single port is formed for the
two antennas. Many such different feeding arrangements
are possible within the context of the implementation,
which depend on the specific design of a given device;
nonetheless, the principle of the invention is not limited
by those.
[0066] Figure 3b shows a representative illustration for
the arrangement of the structure shown in Figure 3a,
which is provided inside the casing or casing body 39 of
the mobile handset 30.
[0067] Figure 3b is an example for an embodiment,
where the electrical characteristics of the two antenna
elements have been adjusted to become similar to each
other. This is achieved by providing vertical flaps 31a and
31b to the main antenna 31, which has larger volume
and thus a lower capacitive coupling to the chassis, in
order to increase its capacitive coupling to the chassis
33. Further, the other antenna element 32, which has a
smaller volume and thus a higher capacitive coupling to
the chassis has been provided in the form of a vertical
patch arrangement, in order to reduce the capacitive cou-
pling to the chassis. Further, the feeding structure is ar-

ranged in such a way that the respective feeding probes
36 and 37 have similar electrical lengths between the
respective antenna element and a branching point of the
common probe 38, so that the antenna elements are fed
in-phase. In Figure 3b the probes 36, 37 and 38 are
shown as being formed by individual elements connected
with each other. However, it is generally preferred that
these three probes are provided integrally as sections of
one common feed element.
[0068] This embodiment shown in Figure 3a and Fig-
ure 3b provides advantages with regard to simplicity,
bandwidth and ease of implementation as compared to
antenna configurations known in the art. By the use of
this arrangement as shown in Figure 3a and Figure 3b,
the maximum user exposure to electromagnetic fields
radiated from the handset, and thereby the SAR values
can be reduced significantly, compared to mobile devices
known from the art which involve only a single antenna.
In addition, the embodiment according to the invention
provides enhancements in the radiation performance of
the mobile device.
[0069] As a further advantage, the placement of at
least some of the elements vertically to the chassis, in-
stead of aligning them in a planar arrangement, makes
it possible to place the second antenna element on the
front side of the mobile phone without requiring any ad-
ditional volume for arranging it. As a result, the second
antenna introduced by the concept of the arrangement
of antenna elements according to the invention does not
require a significant additional volume for mounting the
antenna structure.
[0070] Figures 4a and 4b show an example for a com-
mon matching circuit or matching network 50 arranged
between an RF front-end module 52 and the antenna
arrangement 54 having a first antenna element 56 (e.g.
of the kind of the antenna element 31 of Figure 3b) and
a second antenna element 58 (e.g. of the kind of antenna
element 32 of Figure 3b). In case of Figure 4a the two
antenna elements are connected directly in parallel, with
the combined feeding being preferably arranged in such
a way that the electrical lengths of the feeding probes of
the respective antenna elements are similar to each oth-
er, as in the case of Figures 3b.
[0071] In contrast to this arrangement, the arrange-
ment according to Figure 4b relies on a delay element
60, which is added to that antenna element that leads
the other antenna element in phase, in order to ensure
that the two antennas are fed in-phase. One may of
course combine the approaches "adjustment of the
lengths of the feed probes" and "delay element or delay
network". An appropriate delay element can for example
be provided in the form of a simple transmission line
placed on or above the chassis, or it may be designed
as a network of lumped components.
[0072] Figure 5 shows a return loss plot of measure-
ments comparing an implementation of the twin antenna
concept of the invention with a reference single antenna.
Due to a better coupling of the antenna arrangement of
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the invention to the chassis of the phone, a bandwidth
enhancement is observed in the lower frequency range,
where the chassis acts as the main radiator.
[0073] Figure 6 shows exemplaryly measured body-
worn SAR values for a twin antenna arrangement ac-
cording to the invention in comparison to corresponding
SAR values for a reference single antenna. The acro-
nyms "ATP" and "DTP" designate the antenna-to phan-
tom and display-to phantom scenarios, respectively, the
phantom representing the body a user. All plotted data
are shown normalized with respect to the measured ef-
ficiency values of the twin antenna set-up. The plot shows
that the twin antenna makes it possible to reduce the
overall maximum SAR values to a signifcant extent.
[0074] Figures 7a and 7b show two examples for a
phone of the clam-shell or folder type. The phone 70 has
a first body 72a and a second body 72b, in which a re-
spective conducting chassis part or ground plane 74a
and 74b, respectively, are provided. A hinge mechanism
76 allows a folding or swivelling movement between the
two bodies. According to the example of Figure 7a the
antenna arrangement 78 is provided with its first antenna
element 80 in body 72a and with its second antenna el-
ement 82 in body 72b, so that in the closed position ac-
cording to Figures 7a the two antenna elements 80 and
82 are arranged on opposite sides of the two chassis
parts 74a and 74b. A feeding junction between the two
antenna elements can be bent so that it can follow the
relative folding movement between the two bodies pro-
vided by the hinge mechanisms 76.
[0075] As shown in Figure 7a, the antenna arrange-
ment follows the principle of the antenna arrangement
shown in Figure 3a. Preferably, additionally a delay ele-
ment associated to the antenna element 80 is provided,
to equalize the electrical phases of the two antenna ele-
ments.
[0076] Figure 7b shows an antenna arrangement 78
which has both antenna elements 80 and 82 located in
the first casing 72a. Accordingly, the situation is basically
as in the embodiment of Figure 2a, except for the addi-
tional second body 72b and the hinge mechanism 76.
[0077] Figure 8a and Figure 8b show embodiments of
mobile phones of the so-called slider type. For simplicity
the same reference signs as in Figure 7a and Figure 7b
are used. The phone 70 has a first body 72a and a second
body 72b which are connected by a sliding mechanism
which allows a sliding movement between the two bod-
ies. Each body has a conducting chassis part or ground
plane 74a and 74b, respectively. According to Figure 8a,
the antenna arrangement 78 is provided with its two an-
tenna elements 80 and 82 in the first body 72a, so that
a similar situation is achieved in the embodiment of Fig-
ure 2a, except for the additional body 72b.
[0078] According to Figure 8b, the antenna arrange-
ment 78 has its first antenna element 80 in the first body
and the second antenna element 82 in the second body
72b. The two antenna elements are connected by a feed-
ing junction arrangement which allows the shifting move-

ment between the two bodies. This feeding junction ar-
rangement is represented functionally by dashed lines.
[0079] Summarizing the above, a mobile terminal, e.g.
mobile phone, having an antenna structure according to
the invention enables the reduction of the overall maxi-
mum SAR values, exhibits an enhanced operational
bandwidth and is suitable for miniaturization of the overall
mobile handset.
[0080] While the invention has been described with ref-
erence to different embodiments above, this description
shall not limit the disclosure of features and aspects of
the present invention. In this regard, as far as modifica-
tions are readily apparent for an expert skilled in the art
they shall be included by the above description of em-
bodiments implicitly. For example, while the antenna
structures of Figures 2 and 3 have been described, it is
also possible to provide an arrangement of the first and
the second antenna element extending beyond the chas-
sis. By this means an increased coupling between the
antenna arrangement and the chassis can be achieved,
with corresponding positive effect on the usable recep-
tion and transmission bandwith.
[0081] Furthermore, the invention is not limited to the
described embodiments above and modifications can be
performed easily, even beyond the subject matter of pos-
sible combinations of features and structures described
above. For example, while the present embodiments
have been described with reference to antenna elements
comprising substantially equal or quite similar electrical
characteristics, the invention is not limited to such a con-
figuration but also includes configurations of mobile
phones where an impedance matching network is pro-
vided to balance the electrical properties of antenna el-
ements which are different in view of their geometrical
dimensions.
[0082] For a mobile terminal for receiving wireless
transmissions from a transmitter and transmitting wire-
less transmissions to a receiver it proposed to provide
an antenna arrangement having a plurality of antenna
elements each provided on or within a common body or
a respective body of the terminal in a defined spacial
relation to a conducting chassis part, wherein at least
one first antenna element is located on a first side and
at least one second antenna element is located on a sec-
ond side of the same conductive chassis part or of the
respective conducting chassis part, wherein high fre-
quency circuitry, for transmitting a respective wireless
transmission, is adapted to simultaniously drive said first
antenna element and said second antenna element by
feeding the same or corresponding high frequency sig-
nals to said first antenna element and to said second
antenna element.

Claims

1. Mobile terminal for receiving wireless transmissions
from a transmitter and transmitting wireless trans-
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missions to a receiver, in particular for use in a wire-
less telecommunication system, comprising:

- a casing with at least one body (29; 39; 72a,
72b), said body having a conducting chassis part
(23; 33; 74a; 74b) and electronic means, said
body further having a first surface located on a
first side of its conducting chassis part and a
second surface located on a second side of its
conducting chassis part;
- an antenna arrangement (21, 22; 31, 32; 78)
provided on or within said body, said antenna
arrangement together with associated high fre-
quency circuitry or said antenna arrangement
together with said conducting chassis part and
associated high frequency circuitry being adapt-
ed to receiving wireless transmissions and
transmitting wireless transmissions in at least
one predetermined frequency band;

characterized in that
said antenna arrangement has a plurality of antenna
elements (21, 22; 31, 32; 80, 82) each provided on
or within said body in a defined spatial relation to its
conducting chassis part, wherein at least one first
antenna element (21; 31; 80) is located on the first
side of the conducting chassis part (23; 33; 74a) and
at least one second antenna element (22; 32; 82) is
located on the second side of the conducting chassis
part (23; 33; 74a),
said high frequency circuitry, for transmitting a re-
spective wireless transmission, being adapted to si-
multaneously drive said first antenna element and
said second antenna element by feeding the same
or corresponding high frequency signals to said first
antenna element and to said second antenna ele-
ment.

2. Mobile terminal for receiving wireless transmissions
from a transmitter and transmitting wireless trans-
missions to a receiver, in particular for use in a wire-
less telecommunication system, comprising:

- a casing with a first body (72a) and a second
body (72b), each body having a conducting
chassis part (74a; 74b) and electronic means,
each body having a first surface located on a
first side of its conducting chassis part and a
second surface located on a second side of its
conducting chassis part;
- a relative movement mechanism (76) linking
the first body and the second body and allowing
a relative movement between the two bodies be-
tween a plurality of operational relative posi-
tions, wherein at least in a closed operational
relative position the second surface of the first
body faces and covers at least partially the first
surface of the second body;

- an antenna arrangement (78) provided on or
within at least one associated of said bodies,
said antenna arrangement together with asso-
ciated high frequency circuitry or said antenna
arrangement together with said conducting
chassis part and associated high frequency cir-
cuitry being adapted to receiving wireless trans-
missions and transmitting wireless transmis-
sions in at least one predetermined frequency
band;

characterized in that
said antenna arrangement has a plurality of antenna
elements (80, 82) each provided on or within an as-
sociated of said bodies in a defined spatial relation
to its conducting chassis part, wherein at least one
first antenna element (80) is located on the first side
of the conducting chassis part (74a) of the first body
(72a) and at least one second antenna element (82)
is located on the second side of the conducting chas-
sis part (74a; 74b) of the first body (72a) or of the
second body (72b),
said high frequency circuitry, for transmitting a re-
spective wireless transmission, being adapted to si-
multaneously drive said first antenna element and
said second antenna element by feeding the same
or corresponding high frequency signals to said first
antenna element and to second antenna element.

3. Mobile terminal according to claim 1 or 2, wherein
the high frequency characteristics of the first and
second antenna elements (21, 22; 31, 32; 80, 82) in
said predetermined frequency band are adjusted or
matched such to each other or/and to the high fre-
quency characteristics of the high frequency circuitry
that (i) under free space conditions a first substantial
portion of the high frequency power associated to
said wireless transmissions is radiated via the first
antenna element and a second substantial portion
of the high frequency power associated to said wire-
less transmissions is radiated via the second anten-
na element and that (ii) under asymmetric non free
space conditions, when only a selected one of the
first and second antenna elements is dielectricly
loaded or a selected one of the first and second an-
tenna elements is dielectricly loaded stronger than
the other of the first and second antenna elements,
the portion of the high frequency power associated
to said wireless transmissions which is radiated via
said selected antenna element is reduced with re-
spect to the free space conditions, so that (iii) of the
overall high frequency power radiated via the first
and second antenna elements the relative portion
which is radiated via the selected antenna element
under the asymmetric non free space conditions is
decreased with respect to the free space conditions.

4. Mobile terminal according to claim 3, wherein said
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asymmetric non free space conditions relate to con-
ditions under dielectric loading of said selected an-
tenna element by the body of a user, the selected
antenna element being that antenna element of said
first and second antenna elements which is nearer
to the body of the user depending whether the first
or second side is directed to the body of the user.

5. Mobile terminal according to one of claims 1 to 4,
wherein said first and second antenna elements are
connected in parallel with a common feeding point,
directly or via a common matching network (50), the
common feeding point preferably being provided by
an output port of a common front end (52) of said
high frequency circuitry.

6. Mobile terminal according to claim 5, wherein said
first and second antenna elements share a common
feeding line (38) connecting the feeding point or an
output port of the common matching network (50)
with a feeding junction (36, 37) connecting the first
and second antenna elements (31, 32; 56, 58) di-
rectly or via at least one matching or adjusting net-
work (60) associated to a respective of the first and
second antenna elements.

7. Mobile terminal according to claim 6, wherein a
branching point at which the common feeding line is
connected with the feeding junction is located on the
conducting chassis part having the common front
end.

8. Mobile terminal according to claim 6, wherein a
branching point at which the common feeding line
(38) is connected with the feeding junction (36, 37)
is displaced from the conducting chassis part (33)
having the common front end.

9. Mobile terminal according to one of claims 1 to 4,
wherein said first and second antenna elements are
connected individually with a respective first and sec-
ond front end of said high frequency circuitry, directly
or via a respective matching network, said front ends
being operable to drive the first and second antenna
elements in parallel by feeding the same or corre-
sponding high frequency signals to said first antenna
element and to second antenna element.

10. Mobile terminal according to one of claims 1 to 9,
the antenna arrangement being provided with or hav-
ing associated means to equalize or reduce a differ-
ence between electrical characteristics of the first
and second antenna elements or/and a first and sec-
ond high frequency coupling between the conducting
chassis part and the first antenna element and the
second antenna element, respectively, or/and phas-
es of currents associated to the first and second an-
tenna elements.

11. Mobile terminal according to claims 1 to 10, wherein
at least one of the antenna elements (31, 32) is pro-
vided in the form of a patch antenna element, where-
in at least one vertical patch antenna section (31a,
31b; 32) is provided in order to increase or decrease
the coupling to the associated conducting chassis
part (33).

12. Mobile terminal according to claims 1 to 11, wherein
at least one (31) of the antenna elements (31, 32) is
provided with a horizontal patch antenna section.

13. Mobile terminal according to one of claims 1 to 12,
wherein at least one (58) of the antenna elements is
provided with or has associated a delay element or
delay network (60) in order to increase an effective
electrical length relevant for the feeding and influ-
encing the phase of currents associated to the re-
spective antenna element.
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