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Antenna coupler 5 The invention relates to an antenna coupler for testing a
transmitter and/or a receiver device, in particular, a  mobile telephone. 10
An antenna coupler is used for testing a transmitter and/or  a receiver
device, in particular, a mobile telephone. The  antenna coupler allows a
complete final testing of the  mobile telephone, because radio properties of
the mobile  telephone, in particular the antenna efficiency, are tested. 15
Moreover, in testing the mobile telephone, a plurality of  properties and/or
parameters of the mobile telephone are  investigated, which can be roughly
subdivided into  transmitter tests and receiver tests. For example, in the
case of a transmitter test, a measurement of the phase 20 error, the
frequency error, the power and/or the spectrum is  implemented. In the case
of a reception test, for example,  bit-error rates are measured. The
coupling of the transmitter and/or the receiver device  25 is effected via
an antenna element provided on the antenna  coupler, wherein the coupling
factor, which indicates the  ratio of the received power relative to the
overall transmitted power of the transmitter and/or receiver device,  should
remain as unchanged as possible in the event of 30 changes of position of
the transmitter and/or receiver  device. An antenna coupler of this kind is
known from DE 101  29 408 Al. However, the antenna coupler disclosed in DE
101 29 408 Al  



35 has proved inadequate for testing a transmitter and/or 2  receiver device
with an antenna arrangement, which provides  several antennas, operating in
a MIMO (multiple-in multiple- out) system, in a Smart-Antenna system or
according to an  Antenna-Diversity method. 5 The invention is therefore
based upon the object of  providing an antenna coupler, which is
particularly suitable  for testing a transmitter and/or receiver device,
which has  a complex radiation characteristic and/or reception 10
characteristic. The object named is achieved according to the invention by
the features of claim 1. Advantageous further developments  form the subject
matter of the dependent claims relating  15 back to claim 1. In order to
test a transmitter or receiver device providing  a particularly complex
radiation characteristic and/or  reception characteristic, the antenna
coupler comprises 20 several antenna elements, which are arranged on the
antenna  coupler in such a manner that directions of maximum  sensitivity or
respectively directions of maximum radiation  of the antenna elements of the
antenna coupler are  orientated differently in space. Furthermore, the
antenna 25 coupler provides a holding element for holding the  transmitter
and/or receiver device. The transmitter or  receiver device is designed, in
particular, as a mobile  telephone. 30 The advantages achieved with the
invention are, in  particular, that properties of a transmitter and/or of a
receiver device, which is operated in a MIMO system and  



provides an antenna arrangement with several antennas  arranged, for
example, in linear independence of one 35 another, can be analysed as a
complete device (DUT) in a 3  very reliable manner by means of the antenna
coupler  according to the invention. Moreover, the antenna coupler according
to the invention is  5 suitable for testing a transmitter and/or receiver
device  operated in a Smart-Antenna system or according to the
Antenna-Diversity method. Furthermore, the antenna coupler according to the
invention  10 is designed for reception and/or transmission of
differently-polarised waves and is particularly suitable for  testing a
transmitter and/or receiver device, which is  designed as a mobile telephone
or as a blue-tooth device. 15 With a different spatial orientation of the
directions of  maximum sensitivity of the antenna elements, radiation
characteristics of the transmitter, for example, of a MIMO  system, can be
analysed very accurately for the transmitter  test by means of the antenna
coupler according to the 20 invention. For the receiver test, the antenna
coupler generates  different radiation-diagram configurations by means of
different spatial orientation of the directions of maximum 25 radiation of
the antenna elements. Through external  connection of the antenna coupler,
the receiver device can  be irradiated simultaneously with beams from
several  different directions, wherein the different beams can carry  the
same or different signals. If one beam carries the 30 useful signal and
another carries the interference signal,  the directionally-selective
reception of the useful signal  



in combination with the directionally-selective suppression  of the
interference signal can be tested. The differentiation of useful signals
from different beams is  35 the essence of a MIMO system and can be
represented by this 4  antenna coupler. That is to say, an antenna coupler
of this  kind supports not only the very accurate testing of the  receiver
properties and directional-reception properties; as  the last example shows,
it is also meaningful for receiver 5 and protocol testing of a MIMO
transmitter/receiver.  According to one advantageous development, one or
more of  the antenna elements are orientated with the direction of  maximum
sensitivity and/or the direction of maximum 10 radiation facing towards the
transmitter and/or receiver  device. The antenna elements can expediently be
orientated  independently of one another. For this purpose, the antenna
coupler preferably provides an orientation device. 15 In one expedient
further development, the power transmitted  from the antenna elements can be
adjusted separately at each  antenna element through feeding. According to
one advantageous further development, the 20 antenna elements are each
positioned on the antenna coupler  at an appropriate spacing distance from
the transmitter  and/or the receiver device. Dependent upon the purpose of
the test, the spacing distance  25 between the transmitter and/or the
receiver device and one  or more of the antenna elements of the antenna
coupler is  X/4, (near field) or multiples of X (distant field), wherein  2,
corresponds to the wavelength of the wave received or  respectively radiated
by the respective antenna element. 30 



According to one advantageous development, several antenna  elements of the
antenna coupler are provided on coordinate  axes of a coordinate system,
wherein the transmitter and/or 5  receiver device is expediently arranged at
the coordinate  origin. According to one advantageous further development,
the 5 coordinate axes extend in an orthogonal manner relative to  one
another, so that the coordinate system is a Cartesian  coordinate system.
For a particularly accurate analysis of the radiation 10 characteristic
and/or the reception characteristic of the  transmitter and/or receiver
device, an antenna element is  provided respectively both in the positive
coordinate-axis  direction and also in the negative coordinate-axis
direction  on the coordinate axes of the coordinate system. 15 According to
one advantageous embodiment, the antenna  elements of the antenna coupler
are disposed at corners of  an octahedron, wherein the transmitter and/or
receiver  device is expediently disposed at the centre point of the  20
octahedron. According to one advantageous embodiment, the antenna  elements
of the antenna coupler are designed as rod  antennas, as loop antennas, as
Yagi antennas or in a mixed 25 manner as rod antennas, Yagi antennas and
loop antennas.  In one expedient further development, the antenna element
designed as a loop antenna is substantially of a circular- ring shape and is
expediently designed as a substantially 30 closed loop, wherein a
minimum-possible spacing distance is  preferably provided between the
feedpoint at a feeder end of  



the loop and a loop end disposed opposite to the feeder end  of the loop.
The antenna element designed as a loop element  expediently comprises an
outer conductor and an inner 35 conductor, which is preferably guided
outwards from the 6  outer conductor in the region of the feeder end of the
loop  and/or in the region of the loop end disposed opposite to  the latter
and is expediently connected to the outer  conductor in an
electrically-conductive manner. According to 5 one advantageous embodiment,
the antenna element designed as  a loop antenna is held by a holder, for
example, made of  Teflon. According to one advantageous further development,
the  10 circumference of the antenna element designed as a loop  antenna
corresponds substantially to the mean wavelength 2  of the wave radiated
and/or received via the antenna  element. 15 The polarisation direction of
the waves radiated and/or  received by the antenna element designed as a
loop antenna  is expediently adjustable. For this purpose, the antenna
element is preferably mounted in a rotatable manner about a  central axis,
which is orientated perpendicular to a plane  20 formed by the loop. In an
expedient further development, the antenna element  designed as a loop
antenna is orientated, with reference to  the transmitter and/or the
receiver device preferably 25 provided at the coordinate origin of the
coordinate system,  in such a manner that the central axis of the loop
antenna  is directed towards the transmitter and/or receiver device.  In an
advantageous further development, the connections 30 between the respective
antenna elements of the antenna  



coupler and the external contact of the antenna coupler of  the same
electrical length, is known to the user. 7  In order to fix the transmitter
and/or receiver device to  the holding element, the holding element
preferably provides  a fastening device. 5 Exemplary embodiments of the
invention are explained in  greater detail below with reference to the
drawings. The  drawings are as follows: Figure 1 shows schematically a
longitudinal section 10 through an antenna coupler with antenna elements
designed as loop antennas and a transmitter  and/or receiver device designed
as a mobile  telephone; 15 Figure 2 shows schematically a plan view of an
antenna  coupler with antenna elements designed as loop  antennas and a
transmitter and/or receiver device  designed as a mobile telephone; 20
Figure 3 shows schematically a plan view of an antenna  coupler with antenna
elements designed as rod  antennas and a transmitter and/or receiver device
designed as a mobile telephone; and 25 Figure 4 shows schematically a plan
view of an antenna  coupler with antenna elements designed as Yagi  antennas
and a transmitter and/or receiver device  designed as a mobile telephone. 30
Mutually-corresponding components are indicated with  identical reference
numbers in all the drawings. Figure 1 shows schematically a longitudinal
section through  an antenna coupler 2 for testing a mobile telephone 4 35
designed as the transmitter and/or receiver device, which is 



8  held on a holding element 6 and fixed to a fastening device  8. In the
exemplary embodiment according to Figure 1, the  antenna coupler 2 comprises
three antenna elements 91, 92,  93 designed as loop antennas 10, 12, 14. 5
Each loop antenna 10, 12, 14 provides an inner conductor 16,  18, 20 marked
in Figure 1 with broken lines and, surrounding  the inner conductor 18, 20,
22, an outer conductor 22, 24,  26, which shields the inner conductor 16,
18, 20. The outer 10 conductor 22, 24, 26 encloses the inner conductor 16,
18, 20  in the manner of a cylindrical casing. A dielectric, which  is not
illustrated in Figure 1, is preferably provided  between the inner conductor
16, 18, 20 and the outer  conductor 22, 24, 26. The loop antenna 10, 12, 14
is formed 15 substantially as a spatially-closed loop, wherein a minimum
possible spacing distance 36, 38 is provided between the  feedpoint 28, 30,
visible in Figure 1 only on the loop  antenna 12, 14, at a feeder end of the
loop and a loop end  32, 34 disposed opposite to the latter. At the loop end
32, 20 34 of the loop antenna 12, 14, the inner conductor 18, 20  projects
outwards from the outer conductor 22, 26. The inner  conductor 18, 20 is
guided in the region of the feedpoint  28, 30 at the feeder end of the loop
onto the outer  conductor in order to establish an electrical contact 25
between the inner conductor 18, 20 and the outer conductor  24, 26. The loop
antenna 10, 12, 14 is preferably held by a holder  not illustrated in Figure
1. By rotation of the loop antenna  30 10, 12, 14 about a central axis 40
disposed perpendicular to a plane formed by the loop of the loop antenna 10,
which is  



marked in Figure 1 only for the loop antenna 10, the  polarisation direction
of waves radiated from the loop  antenna 10, 12, 14 are variable and/or
waves of different 9  polarisation can be detected via the loop antenna 10,
12,  14. The loop antennas 10, 12, 14 are each coupled to an antenna  5 base
42, which is connected via a signal line 44 to a  measurement and control
arrangement 46. In order to achieve an advantageous radiation characteristic
and/or reception characteristic, the circumference of the 10 loop antennas
10, 12, 14 corresponds substantially in each  case to the mean wavelength X
of the waves, which are  radiated or respectively received by the loop
antennas 10,  12, 14. 15 The electrical and magnetic components of an
electrical  field radiated from an antenna arrangement 50 of the mobile
telephone 4 can be measured in a particularly accurate  manner with an
arrangement of several antenna elements with  directions of maximum
radiation and/or directions of maximum 20 sensitivity orientated differently
in space, which is shown  in the exemplary embodiment according to Figure 1
with three  antenna elements designed as loop antennas 10, 12, 14.
Moreover, in the case of the antenna elements designed as 25 loop antennas
10, 12, 14, the coupling factor between the  loop antennas 10, 12, 14 and
the antenna arrangement 50,  which provides, for example, several antennas
for the  realisation of a MIMO system in the mobile telephone, is
substantially independent of the precise geometric position 30 of the
antenna arrangement 50 relative to the loop antennas  10, 12, 14, so that a
spatially-accurate adjustment of the  



mobile telephone 4 comprising the antenna arrangement 50 on  the antenna
coupler 2 is not required. 10  Figure 2 shows a schematic plan view of the
antenna coupler  2 in a further exemplary embodiment. Antenna elements
designed as loop antennas 10, 12, 14, 52, 54, 56 are  arranged substantially
at the corners of an octahedron. By 5 way of illustration of the octahedral
arrangement of the  loop antennas 10, 12, 14, 52, 54, 56, coordinate axes x,
y,  z of a Cartesian coordinate system are shown by dotted lines  in Figure
2. The loop antennas 10, 12, 14, 52, 54, 56 are  positioned on the
coordinate axes x, y, z in negative and 10 also in positive coordinate-axis
direction, wherein the  central axes 40 of the loop antennas 10, 12, 14, 52,
54, 56,  disposed perpendicular to planes formed by loops of the loop
antennas 10, 12, 14, 52, 54, 56, extend along the coordinate  axes x, y, z
and intersect at a coordinate origin 58, at 15 which the mobile telephone 4
is positioned. In the exemplary  embodiment shown in Figure 2, the antenna
arrangement of the  mobile telephone 4 is designed to be integrated within
the  latter and is therefore not visible in Figure 2. 20 Each loop antenna
10, 12, 14, 52, 54, 56 is arranged  substantially at a spacing distance X/4
relative to the  mobile telephone 4. Furthermore, the loop antennas 10, 12,
14, 52, 54, 56 are guided to the antenna base 42 via  connecting lines 48,
which each provide the same electrical  25 length. Figure 3 shows a
schematic plan view of the antenna coupler  2 with three antenna elements
designed, in a further  exemplary embodiment, as rod antennas 60, 62, 64 and
one 30 transmitter and/or receiver device designed as a mobile  



telephone 4. The mobile telephone 4 is held in the holding  element 6 and
contains an integrated antenna arrangement,  which is not visible in Figure
3. 11  The antenna elements designed as rod antennas 60, 62, 64 are
orientated with the respective transverse axis of the rod of  the rod
antenna 60, 62, 64 towards the mobile telephone 4  positioned at the
coordinate origin 58, and the directions 5 of maximum radiation, which are
indicated with dotted lines  in Figure 3, extend along the coordinate axes
x, y, z of the  Cartesian coordinate system. The spacing distances between
the mobile telephone 4, in particular, between the antenna  arrangement
integrated within the latter, and each rod 10 antenna 60, 62, 64 correspond
with one another and are  substantially X/4 of the mean wavelength of the
waves  transmitted and/or received by the rod antenna 60, 62, 64.  The rod
antennas 60, 62, 64 are guided to the antenna base 15 42 via connecting
lines 48, which each provide the same  electrical length. Figure 4 shows a
schematic plan view of the antenna coupler  2 with three antenna elements
designed, in a further 20 exemplary embodiment, as Yagi antennas 66, 68, 70
and the  transmitter and/or receiver device designed as a mobile  telephone
4. The mobile telephone 4 is held in the holding  element 6 and contains an
integrated antenna arrangement,  which is not visible in Figure 4. 25 As in
the case of the exemplary embodiment according to  Figure 3, the Yagi
antennas 66, 68, 70 in the exemplary  embodiment according to Figure 4 are
provided on coordinate  axes x, y, z of the Cartesian coordinate system with
the 



30 mobile telephone 4 disposed at the coordinate origin 58 and  each provide
the same spacing distance relative to the  mobile telephone 4. In this
context, the main lobes 72, 74,  76 of the Yagi antennas 66, 68, 70 each
point in the  direction towards the mobile telephone 4. 35 12  The Yagi
antennas 66, 68, 70 are guided to the antenna base  42 via connecting lines
48, which each provide the same  electrical length. 5 The invention is not
restricted to the exemplary embodiment  illustrated, in particular, not the
antenna-element  arrangements of the antenna coupler shown in the exemplary
embodiments and the transmitter and/or receiver device  designed as the
mobile telephone. Under some circumstances, 10 the antenna elements can also
be displaceable along the x-,  y- or z-axis or may be rotatable about an
axis perpendicular  to the latter. All of the features described above and
presented in the drawings can be combined with one another  as required. 15
13  Claims 1. Antenna coupler for testing a transmitter and/or 5 receiver
device (4), in particular, a mobile telephone  (4), with a holding element
(6) for the transmitter or  receiver device and with several antenna
elements (91,  92, 93), which are arranged in such a manner that the
directions of maximum radiation or respectively 10 directions of maximum
sensitivity of the antenna  elements (91, 92, 93) are orientated differently



relative to one another in space. 2. Antenna coupler according to claim 1,
15 characterised in that one or more of the antenna elements are orientated
with directions of maximum sensitivity and/or  directions of maximum
radiation in the direction  towards the transmitter and/or receiver device.
20 3. Antenna coupler according to claim 1 or 2,  characterised in that the
orientation of the direction of maximum radiation  and/or the direction of
maximum sensitivity for every  25 antenna element (91-93) is separately
adjustable. 4. Antenna coupler according to any one of claims 1 to 3,
characterised in that the power radiated from the antenna elements (91-93)
30 is separately adjustable for each antenna element (91,  92, 93). 5.
Antenna coupler according to any one of claims 1 to 4,  characterised in
that 14  the antenna elements (91-93) can each be positioned at  variable
distances relative to the transmitter and/or  receiver device (4). 5 6.
Antenna coupler according to any one of claims 1 to 5,  characterised in
that the spacing distance between the respective antenna  element (91-93)
and the transmitter and/or receiver  device (4) is substantially X/4,
wherein ? corresponds 10 to the mean wavelength of the waves received by or
radiated from the antenna element. 



7. Antenna coupler according to any one of claims 1 to 6,  characterised in
that, 15 in each case, one antenna element is disposed on a  coordinate axis
(x, y, z) of a coordinate system,  wherein the transmitter and/or receiver
device (4) is  positioned at a coordinate origin (58) of the  coordinate
system of the holding element (6). 20 8. Antenna coupler according to claim
7,  characterised in that the coordinate axes (x, y, z) are orientated in an
orthogonal manner relative to one another within the  25 coordinate system.
9. Antenna coupler according to claim 7 or 8,  characterised in that an
antenna element (10, 52; 12, 54; 14, 56) is 30 provided on one of the
coordinate axes (x, y, z) in  each case in the positive coordinate-axis
direction  and/or in the negative coordinate-axis direction. 10. Antenna
coupler according to any one of claims 1 to 9,  35 characterised in that 15
the antenna elements are arranged substantially at  corners of an
octahedron, wherein the holding element  (6) positions the transmitter
and/or receiver device  (4) at the centre point of the octahedron. 5 11.
Antenna coupler according to any one of claims 1 to  10, characterised in
that the antenna elements are designed as rod antennas (60,  



10 62, 64) and/or as Yagi antennas (66, 68, 70) and/or as  loop antennas
(10, 12, 14, 52, 54, 56). 12. Antenna coupler according to claim 11,
characterised in that 15 a loop of the antenna element designed as a loop
antenna (10, 12, 14, 52, 54, 56) is formed  substantially in the shape of a
circular ring. 13. Antenna coupler according to claim 12,  20 characterised
in that a circumference of the loop of the antenna element  designed as a
loop antenna (10, 12, 14, 52, 54, 56)  corresponds substantially to the mean
wavelength X of  the waves received or respectively radiated via the  25
antenna element. 14. Antenna coupler according to any one of claims 11 to
13, characterised in that 30 at least one antenna element designed as a loop
element (10, 12, 14, 52, 54, 56) is mounted in a  rotatable manner about a
central axis (40), which is  orientated perpendicular to a plane formed by a
loop  of the loop antenna, for the adjustment of a 16  polarisation
direction of waves radiated and/or  received via the antenna element. 15.
Antenna coupler according to claim 14,  5 characterised in that at least one
antenna element designed as a loop  antenna (10, 12, 14, 52, 54, 56) is
orientated with  reference to the transmitter and/or receiver device  (4),
positioned by the holding element (6) at the 



10 coordinate origin (58) of the coordinate system in  such a manner that
the central axis (40) of the loop  antenna (10, 12, 14, 52, 54, 56) extends
along one of  the coordinate axes (x, y, z) of the coordinate system.  15
16. Antenna coupler according to any one of claims 1 to  15, characterised
in that each connecting line (48) between a feedpoint (28, 30)  20 provided
on each of the antenna elements and an  antenna base (42) of the antenna
coupler (2) provides  the same electrical length. 17. Antenna coupler
according to any one of claims 1 to  25 16, characterised in that the
holding element (6) provides a fastening device  (8) for fixing the
transmitter and/or receiver device. 


