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ANTENNA  ARRANGEMENT

FI ELD OF THE | NVENTI ON

The invention generally relates to an antenna arrangenent.
More particularly, the invention relates to an antenna ar-
rangenent that allows anplitude and phase detection for cali -

brating a re-configurable active antenna.

BACKGROUND OF THE | NVENTI ON

Re-configurable active antennas are used in phased array an-
tenna systens of nobile network base stations. In order to
be able to use re-configurable active antennas for changing
and maintaining the beam shape of such phased array antenna
systenms, it is required to calibrate the antennas and the ra-
di os. The calibration is required in order to determne the
phase, amplitude and latency of the signals being transmtted
and received from the transceiver and receiver, respectively,
and then beamformng of the antenna system is perfornmed by
adjusting the relative phase, anmplitude and |atency of the
actual signals at the antenna elements or sub-arrays to which

the transceiver or receiver is connected.

This nmeans that the heart of the re-configurable active an-
tenna system is the calibration system In the past, the
calibration system has been arranged as a directional coupler
calibration network or an RF switch selectable network, for
exanpl e. However, a directional coupler calibration network
requires that every antenna elenent or sub-array requires a

separate calibration network to be built for it, which is ex-
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tremely conplex and costly in ternms of manufacture the anount

of material used.

These problens have been solved in the past by using a probe
antenna for calibration with a quarto-pole (4 arnms nonopole -
2 arns dipole, which is cross-polarised) coupling over the
air in close field of the elenents, instead of a directional
coupler calibration network. However, a problem with this
probe antenna design is that signal |levels are sonetines very
small, or vary due the close field affects, that the error
margi n beconmes unacceptable for neasurenent. Envi r onnent al
conditions (e.g. rain, vibration or netallic objects |ocated
close by) are also known to cause error in signal coupling in
this type of construction. Furthernore, in the working fre-

guency band, the signal l|evel can change by nore than | CQdB.

Therefore an antenna arrangenment is required that can be used
for calibration, wthout disturbing the actual functionality
of the antenna, and which is robust and reliable, giving a

reduced error in neasurenents.

SUMVARY OF THE | NVENTI ON

Accordingly, the invention provides an antenna arrangenent.

The antenna arrangenent includes an antenna elenent and a

feeder line configured to feed a signal to and from the an-
tenna el ement. A calibration line is arranged proximal to
and spaced apart from the feeder line and is configured to

receive the signal fed to and from the antenna elenment from

the feeder line via inductive coupling. The feeder line can
al so receive the signal from the calibration line via induc-
tive coupling. In other words, the feeder line and the cali-

bration line form an inductor pair, wth inductive coupling
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in the inductor pair taking place from the feeder line to the
calibration line, and vice versa.

Due to the arrangement of the inductive coupler pair relative
to the antenna elenment, interference is mnininised. Therefore
this antenna arrangenent is very reliable, providing stable,
hi gh and consistent signal levels at all working frequencies,
and the error in measurement is reduced. Furthermore, the
antenna arrangenent is very robust and does not change its
behavi our dependent on changes to its associated base sta-
tion, such as a change in weather conditions or adding nore

antennas close to the antenna arrangenent.

The calibration Iine should be spaced apart from the feeder
line by a dielectric material, for exanple air or an insulat -
ing material formng a base in or on which the feeder Iine

and calibration line are provided.

Preferably, the calibration line is configured so that it can
be connected directly or coupled to neasurenent or calibra-

tion equipnent, for exanple a calibration radio.

In order to increase coupling between the feeder line and the
calibration line, for exanple in cases where it is not prac-
tical to position the calibration in a desired proxinmty to
the feeder line, an inductive coupler element may be posi-
tioned between the feeder line and the calibration Iine.

This inductive coupler element can sinply be provided in the
calibration line, as a part of the calibration Iline which in-

dents towards the feeder Iine.

An additional antenna elenent nay be provided in the antenna
arrangenent so that two antenna elenments are arranged as

first and second antenna elenents of an antenna elenment pair.
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In this case, the feeder line can be configured to feed the
signal to both the first and second antenna elenents in the

pair .

Then the inductive coupler can be arranged so as to be sym
metric about a junction point at which the feeder line di-
vides into first and second branches |eading towards the

first and second antenna elenents, respectively.

Preferably, in case of connecting two antenna elenents to a
same feeder line, the first and second branches of the feeder
line are substantially of equal length. This generates naxi -
mum isol ation between the antenna elenments, as well as mini-
m zing phase- and anplitude shift between the antenna ele-

ments, when two antenna elenents are connected to the sane

feeder line.

Fur t her nor e, when two antenna elenments are sharing sane
feeder line, the trace wdth of the two lines should be thin-
ner after the junction where the feeder line splits into two

branches than with a single trace, for producing an equal 50
Ohm matching load to the single branch feeder line. This is
to mnimze signal loss and reflections when splitting the TX
signal in half to each antenna elenent, or conbining the RX

signals together from the two antenna el enents.

The antenna arrangenent nmay also be provided with a connector
el enent, which is configured to connect to a corresponding
connector elenent provided on another antenna arrangenent.

In this way, the antenna arrangenents nmay be electrically
(and physically) connected with each other so that one cali -
bration radio may be used for calibration of nmany antenna ar-
rangements and only one calibration port has to be provided

on one antenna arrangenent for connection to the calibration
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radi o. This neans that the antenna arrangenents nmy be cas-
caded, either in a row or in colums, so that the shape of
the beam forming of active antenna elenents can be easily ma-

ni pulated and tailored to requirenents.

The cascaded antenna arrangenents can then form an infinite
(rmatched/term nated) coupler line coupling to/from 1-X nunber

of antenna elenents equally.

The connector elenment may be an RF coupler, e.g. a sinple

comrerci al RF coupler.

In one enbodinment of the invention, the antenna elenent is
nmounted on a base and the connector elenment is provided on
t he base. In this case, the feeder l|line and the calibration

line can be provided in the base, either in a conmon plane

with each other, or with the calibration Iine running under-
neath or above the feeder |line. The base nay be a printed
circuit board. However, it is preferable to use RF connec-
tors as the connector elenents, rather than to connect

printed circuit boards together, as printed circuit boards

can be susceptible to environnmental danage after 10-20 years.

The invention further provides an antenna arrangenent includ-
ing an antenna elenment and a feeder line configured to feed a
signal to the antenna el enent. Furthernore, a connector ele-
nment is provided, which is configured to connect the antenna
arrangenent with a further antenna arrangenent such that the
antenna arrangenents are electrically connectable and can be

arranged in a stack.

In this way, nmny antenna arrangenents nmay be connected and
cascaded with each other so that only one of the antenna ar-

rangenments is required to have a calibration port for connec-
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tion to a calibration radio, in order for neasurenents of

phase, anplitude and latency to take place.

This nmeans that the conplexity of the design and nanufacture
is significantly reduced. Furthernore, the connector el enent
all ows the antenna arrangenents to be stacked or cascaded in
the sane plane either vertically or horizontally so that beam
forming of the active antennas may be configured and tailored

in accordance wth requirenents.

The cascaded antenna arrangenents may then form an infinite
(matched/termnated) coupler line coupling to 1-n nunber of

antenna elenents equally.

Advant ageously, the connector element may be a comercially
avai l able RF connector. Furthernmore, the feeder line and an-
tenna elenent may be nmounted on or in the base, for exanple a
printed circuit board, so that the connector elenment can be
provided on or in the base. This allows the antenna arrange-
ment to be manufactured sinply and at |ow cost, using exist-

i ng manufacturing techniques.

The invention also provides a nmethod of receiving a signal
from an antenna elenment. The nethod includes inductively cou-
pling the signal from a feeder line supplying the signal to
the antenna elenment to a calibration line and receiving the
signal at the calibration Iine. The signal may then be fed

fromthe calibration line to the nmeasurenent equipnent.

The invention wll now be described, by way of exanple only,
with reference to specific enbodinents, and to the acconpany -

ing drawi ngs, in which:
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BRI EF DESCRI PTI ON OF THE DRAW NGS

- Figure 1 is a sinplified schematic diagram of a top view of
an antenna arrangenent according to an enbodi nent of the in-

vention;

- Figure 2 is a sinplified schematic diagram of a top view of
an array of connected antenna arrangenents according to an

enmbodi nent of the invention;

- Figure 3 is a sinplified schematic diagram of a top view of
an antenna arrangenment according to an enbodiment of the in-

vention;

- Figure 4 is a sinplified schematic diagram of a top view of
an array of connected antenna arrangenents according to an

enmbodi nent of the invention;

- Figure 5 is a sinplified schematic diagram of a top view of
an antenna arrangenent according to an enbodi nent of the in-

vention;

- Figure 6 is a sinplified schematic diagram of a top view of
an antenna arrangenent according to an enbodi nent of the in-

vention;

- Figure 7 is a sinplified schematic diagram of a top view of
an array of an antenna arrangenent according to an enbodi nent

of the invention;

- Figure 8 is a sinplified schematic diagram of a top view of
an antenna arrangenent according to an enbodi nent of the in-

vention; and
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- Figure 9 is a side cross-sectional view of the antenna ar-

rangement shown in Figure 8.

DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS

Figure 1 shows a top view of an antenna arrangenent 10, which
includes a substantially rectangular base 11 having two |ong
edges 1lal and Ila2 and two short wedges 1lIbl and 11b2, for
exanple a printed circuit board (PCB) . Two patch antenna
elements 12a and 12b are mounted on the base 11 so that they
are spaced apart from each other and arranged substantially
equidistant from the long edges Ilal and I[l1a2 of the rectan -
gul ar base 11. A feeder port FlI is arranged substantially
centrally in the base 11 between the antenna elenents 12a and
12b. The feeder port may be connected, for exanple by a coax-
ial cable, to a transceiver for supplying signals to the an-
tenna arrangenent (not shown as this is on the opposite side
of the antenna arrangement to the antenna elenents 12a and

12b)

A feeder line 13 is provided in the base 11 and connects the

feeder port FI with each of the antenna elenents 12a and 12b.

The feeder line 13 is coupled to the feeder port FlI and |eads
away from the feeder port towards one long edge Ilal of the
base 11. At a junction point J, the feeder Iline 13 splits

into two branches 13a and 13b so that the first branch 13a
leads to the antenna element 12a and is coupled to the an-
tenna elenment 12a and the second branch 13b leads to the an-

tenna elenent 12b and is coupled to the antenna elenent 12b.
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The branches 13a and 13b of the feeder line 13 are tapered so
that the part of the branches 13a and 13b at the junction
point J are narrow and they gradually wden towards the
points at which they are coupled to the antenna elenents 12a

and 12b, respectively.

Connector ports CIA and ClB are provided on opposing short

edges Ilbl and I1l1b2 of the base 11 and are connected by a
calibration line 14. The calibration Iline 14 is parallel
with, and in close proximty to, one long edge Ilal of the

base 11 and is arranged in the base 11 so that it is in the
same plane as the feeder line 13 and its branches 13a and

13b. The connector port CIA also acts as a calibration probe

and, to this end, is connectable to a calibration radio (not
shown)

At a point on the calibration 1line 14 between the connector
ports CIA and C1B, the calibration 1line 14 is indented in-

wards away from the long edge I|lal of the base 11 towards the
junction point J to form an inductive coupler 15. The inden-
tation formng the inductive coupler 15 has three sides; two
sides 15a and 15b, which are parallel wth the short edges
[1bl and I[1b2 of the base 11, and one side 15c, which is par -
allel with the long edges Ilal and Ila2 of the base 11. The
long side 15c of the inductive coupler 15 is arranged symmet-
rically about the junction point J of the feeder |ine 13 and

is in close proxinmty to the junction point J for picking up

signals from the feeder line 13, although it does not touch
the feeder line 13.

Anot her feeder line 23 couples a second feeder port F2 to the
antenna elements 12a and 12b. The second feeder port F2 is

also provided in the base, spaced apart from the feeder port

FI, located between the antenna elenents 12a and 12b and sub-
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stantially equidistant from the long edges Ilal and Ila2 of
t he base. The feeder port F2 is connected via a coaxial ca-
ble to a transceiver.
The feeder line 23 also splits into two branches 23a and 23b

at a junction point J, which lead to the first and second an-

tenna elements 12a and 12b, respectively. A second calibra-~
tion line 24 and second inductive coupler 25 are also pro-
vided proximal to the feeder line 23, which are parallel wth
(and opposite to) and identical to the calibration Iline 14
and inductive coupler 15 described above. The structure and
function of the arrangenent including the feeder port F2,

feeder line 23, calibration line 24 and inductive coupler 25
are identical to those of the arrangenent including the
feeder port FlI, feeder line 13, calibration line 14 and in-

ductive coupler 15 except that they are proxinmal to the op-

posite long edge Ila2 of the base 11.

Connector ports C2A and C2B are provided at either end of the
calibration line 24 on the short edges IIbl and I1b2, respec~
tively, of the base 11. The connector port C2A acts as a
calibration probe and is connectable to the same calibration
radio as the connector port CIA (with both connector ports
CIA and C2A being coupled to the calibration radio via a
splitter/controller), while the connector port C2B is con-
nectable to a corresponding elenent on a further antenna ar-

rangenent 10.

The connector ports C B, C2B are connectable to corresponding
connector ports CIA, C2A on a further antenna arrangenent 10
so that the antenna arrangenent 10 may be connected, both
physically and electrically, in a linear manner wth many

other antenna arrangenents 10, as shown in Figure 4, so that
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the antenna arrangenments 10 form a coupling line in a columm

and are electrically connected to each other.

The connector ports of adjacent antenna arrangenents nay ei-
ther be directly connected with each other, as shown sche-

matically in Figure 2, or coupled via a coaxial cable.

Only the antenna arrangenent at one end of the coupling line
then needs to be connected to a calibration radio. The ot her
end of the coupling line (i.e. the connector port C1B, C2B on

the antenna arrangenent at the other end of the line) nmay be

terminated by a 50 Ohm resistor. Al ternatively, it may be
coupled in series with another identical coupling line having
an equal nunber of antenna arrangenents. Both coupling Iines

would then "see" an infinite matched line, giving a flat re-
sponse over w de frequency range and all signals would com~
bine well together. Coupling the antenna arrangenments 10 to-
gether in a line allows the tinme delay between the trans-
ceiver (s) supplying the signals to the antenna arrangenents

10 and the feeder point F1 of each antenna elenment to be
tuned vertically to form a beam and govern the superposition

of signals.

The inductive coupler 15 25 is arranged so that all its
sides 15a, b, c; 25a, b, c are flat and in the sane plane as
the feeder Iline 13, 23 and the calibration Iline 14, 24, The
feeder line 13, 23 and the calibration line 14, 24 (and thus
the inductive coupler 15 25 may all be nade out of the sane

suitabl e conductive material, for exanple copper.

In use, a signal applied to the antenna arrangenment 10 at the
feeder port Fl, F2 and fed to (and from the active antenna
elements 12a and 12b by the feeder Iline 13, 23 is picked up

from the feeder line 13, 23 by the inductive coupler 15 25,
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which facilitates inductive coupling of signals both to and

from the feeder line 13, 33 and calibration Iline 14, 24, The
signal then travels along the calibration Iline 14, 24 to the
connector port CIA C2A; i.e., the calibration probes, and

the phase, anplitude and latency of the signal are neasured
by neasurenent equi prrent  connected to the connector ports

CA CA

It is found that the difference in the anplitude of the sig-
nal from the feeder port FI to the connector port CA C2A
between applied signals having frequencies of 1.92 G and
2.2 GHz is about 4 dB, conpared to a difference of between 7
and 9 dB for prior art antenna arrangements for the sanme ap-
plied frequencies. Furt her nore, the phase behaviour shows
higher, nore stable signal Ilevels over the same frequency

range conpared to prior art antenna arrangenents.

Figure 3 shows a second enbodinment of the invention in which
an antenna array A is conprised of n patch antenna elenents
AEl - AEn  nounted on a base (not shown) and coupled together

between a resistor R at one end of the array A and a calibra-
tion radio CR at the other end of the array A. The antenna
elements are arranged in pairs, as in the first enbodinent

described above, so that the antenna arrangenent coupled to
the resistor R has a pair of antenna elenents AEl1 and AE2 and
the antenna arrangenent coupled to the calibration radio CR

has a pair of antenna elenments AEn-1 and AEn.

Signals are fed to each antenna element AEI-AEn by two re-
spective transceiver ports TRX -TRXn. A feeder line 33 cou-
ples each transceiver port TRXI-TRXn wth tw adjacent an-
tenna elenments so that the antenna elements AEl1 and AE2 are

both coupled to transceiver ports TRX1 and TRX2 and antenna



10

15

20

25

30

WO 2012/000569 PCT/EP2010/066362

13

el ements AEn-1 and AEn are both coupled to TRXn-1 and TRXn,

for exanple.

The |ayout of the transceiver ports TRXI-TRXn, feeder line 33
and antenna elenments AElI-AEn is the same as that of the
feeder ports FI, F2, feeder line 13, 23 and antenna elenents
12, 22 according to the first enbodinent described above.
However, the difference between this enbodinment and the pre-
vious enbodinent is that only one calibration line 34 is pro-
vided, which is connected between the resistor R and the
calibration radio CR in the antenna array A. The calibration
line 34 runs substantially down the centre of the base on
which the antenna elements AEl-AEn are nounted between each

pair of transceiver ports TRXI, TRX2 TRXn- 1, TRXn.

No inductive coupler as such is provided in the calibration
line 34, However the calibration line 34 is arranged in
close proximty to the junction of where each feeder line 33
splits into branches leading to each of the antenna elenents
of the pair. This neans that signals fed between each feeder
line 33 and the antenna elenent AEl-AEn can be inductively
coupled over air between the feeder line 33 and the calibra-
tion line 34. The calibration line 34 then picks up the ac-
tive antenna signals and couples them to the calibration ra-

dio CR for phase and anplitude neasurenent.

Figure 4 shows several antenna arrays A according to the sec-
ond enbodi nent coupled together between two calibration ra-

dios CR and CR2 so that they are cascaded in both rows and

col ums.
Thi s arr angemnent is ef fectively an infinite
mat ched/term nated coupler line coupling signals to and from

the calibration line 34 and 1-n nunber of antenna elenents
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AE1-AEn. If the calibration line 34 is arranged equidistant
from the transceiver ports in each transceiver port pair,
this nmeans that signals wll couple equally to and from the
calibration radios CR and CR2. However, the calibration
line may also be arranged on one side of the base, instead of
centrally, in which case any asymetrical coupling to CR and

CR2 can be conpensated for in calibration algorithns.

Figure 5 shows a third enbodinent having a sinplified ar-

rangenent in which an antenna arrangenent 40 has only one an-

tenna elenent 42, instead of two. RF signals are fed to the
antenna elenent 42 from a feeder port F4 via a feeder line 41
connecting the feeder port F4 and the antenna elenment 42. In
this enbodinent a calibration line 44 is arranged proxinal to
and spaced apart from the feeder line 41 in the sane plane as
the feeder Iline 41. The feeder line 41 has just one branch,

at least a section of which is parallel to the calibration
line. The calibration line 44 may be coupled to the calibra-
tion line 44 of other antenna arrangenents using a conmerci al
RF coupling line. Al ternatively, the antenna elenment 42,
feeder line 41 and calibration line 44 may be nounted on a
printed circuit board having connector ports for connecting
to corresponding connector ports on other antenna elenents.
In either configuration, the antenna arrangenments nay be con-
nected together so that they are cascaded as an "infinite"

coupling line, as described above.

Figure 6 shows a developnent of the third enbodinent, in
which the calibration I|ine 44 has an inductive coupler 45
provi ded therein. The inductive coupler 45 is formed by-
curving the calibration line 44 around the feeder port F4 and
feeder line 41 to facilitate inductive coupling between the

calibration line 44 and the feeder |ine 41.
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In operation, the calibration Iline is coupled to a calibra-
tion radio (either directly, if it is the last antenna ar-
rangenent in the cascade or via another antenna elenent (s) ).
Signals fed to the antenna elenent 42 through the feeder |Iline
41 are inductively coupled to the calibration line 44 (via
the inductive coupler element 45 if provided) so that the
feeder line 41 and the calibration line 44 form an inductive
pair. The signals received by the calibration |ine are then

coupled to the calibration radio for measurenent.

Figure 7 illustrates a fourth enbodinent in which an antenna
arrangenment 50 also just has one antenna elenment 52 connected
to a feeder port F5 by a feeder line 51, but in this case the
calibration line 54 runs underneath the feeder line 51, close
to the feeder line 51, instead of in the sanme horizontal

pl ane, as in the previous enbodinent. Fur t her nor e, t he
feeder Iline 51 splits into tw branches at a junction J.
Both branches are parallel to the calibration Iline 54 just
after they split at the junction J, before curving back to-

wards the antenna elenent 52 where they reconbine.

As with the previous enbodinents, this antenna arrangenent

may be coupled to other antenna arrangenents to form a cou-

pler line and, ultimtely, to a calibration radio. I nductive
coupling of signals between the feeder line 51 and to the
calibration line 54 takes place as described above.

Figures 8 and 9 show a fifth enbodinent, in which a feeder

line having two branches 6la and 61b is connected to a feeder
port F6 for feeding signals to an antenna elenent 62. The
branch of the feeder line 6la connecting the feeder port F6
is flat and arranged perpendicularly to a cylindrical branch
61b of the feeder line, which connects to the antenna el enent

62 .
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A calibration line has tw parts 64a and 64b, which are
joined by an hollow cylindrical inductive coupler elenent 65
arranged co-axially to the cylindrical branch 61b of the

feeder i ne.

Wen signals are fed to the antenna elenent 62 from the

feeder port F6, they are inductively coupled by the inductive

coupler el enent 65 from the cylindrical part 61b of the
feeder line to the calibration |line 64a, 64b and can be fed
to measurenent equipnment to be neasured, e.g., a calibration
radio for neasuring anplitude, phase and |Iatency. Signal s

may also be inductively coupled by the inductive coupler ele-
ment 65 from the calibration line 64a, 64b to the cylindrical

part of the feeder line 61b.

Al though the invention has been described hereinabove wth

reference to specific enbodinents, it is not limted to these
enbodi nents and no doubt further alternatives wll occur to
the skilled person that lie within the scope of the invention

as cl ai ned.

For example, the antenna arrangenents described above nmay be
connected in a row with many other antenna arrangenents ei-
ther actively (using connector ports) or passively (using in-
ductive coupling arrangenents) . In addition, two or nbre cou-
pled chains of antenna elenents nmay be arranged side by side

in parallel colums.

The antenna elements described above in the exenplary enbodi -
ments are patch antennas. However, any other suitable type

of antenna nmay be used.
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CLAI M5

1. An antenna arrangenment, conprising:
an antenna el enent;
a feeder line configured to feed a signal to

and from the antenna elenent; and

a calibration line proximal to and spaced
apart from the feeder line and configured to receive the sig-
nal from the feeder line, and to transnit the signal to the
feeder line, via inductive coupling.

2. The antenna arrangenent according to claim 1,
wherein the calibration line is configured so that it can be

coupled to nmeasurenent equipnent.

3. The antenna arrangenment according to claim 1 or
claim 2, wherein the calibration line is spaced apart from
the feeder line by a dielectric material.

4. The antenna arrangenment according to any of clains

1 to 3, further conprising an inductive coupler elenent posi-

tioned between the feeder line and the calibration Iine.

5. The antenna arrangenent according to claim 4,
wherein the inductive coupler elenment is provided in the
calibration 1line.

6. The antenna arrangenent according to claim 4 or

claim s, further conprising an additional antenna elenent so
that said antenna elenment and the additional antenna elenent
are arranged as first and second antenna elenents of an an-
tenna elenment pair, wherein the feeder line is configured to
feed the signal to both the first and second antenna elenents

in the pair.
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7. The antenna elenment according to claim e, wherein
the inductive coupler is symetric about a junction point at
which the feeder line divides into first and second branches
leading towards the first and second antenna elenments, re-

spectively.

8. The antenna arrangenent according to any of clains

1to 7, wherein the antenna elenent is a patch antenna.

9. The antenna arrangenent according to any of clains
1 to 8, further conprising a connector elenent adapted to
connect to a corresponding connector elenent provided on an-
other antenna arrangenent so that the antenna arrangenents

may be cascaded.

10. The antenna arrangenent according to claim o,

wherein the connector elenent is an RF coupler.

11. The antenna arrangenent according to claim 9 or
claim 10, wherein the antenna elenment is nounted on a base

and the connector elenent is provided on the base.

12. The antenna arrangenment according to claim 11,
wherein the feeder line and the calibration line are provided

in the base.

13. The antenna arrangenent according to any of clains
1 to 12, wherein the feeder line and the calibration line are

provided in a comon plane.
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14, The antenna arrangenent according to any of clains
11 to 13, wherein the base is a printed circuit board or a

coaxial system

15. The antenna arrangenent according to any of clains
9 to 14, wherein the cascaded antenna arrangenents form an
infinite coupler line coupling to 1-n nunber of antenna ele-

nments equal ly.

16. An antenna arrangenment conpri sing:
an antenna el ement;
a feeder line configured to feed a signhal to and
from the antenna elenent; and
a connector elenment configured to connect the an-
tenna arrangenent wth a further antenna arrangenent such
that the antenna arrangements are electrically connectable

and can be arranged in a stack.

17. A nethod of receiving a signal from an antenna
elemrent for coupling to nmeasurement equipnent, the nethod
conprising inductively coupling the signal from a feeder line

supplying the signal to the antenna element to a calibration

line, receiving the signal at the calibration Iline, induc-
tively coupling a signal from the calibration line to the
feeder line, and receiving the signal at the feeder Iline.

18. The method according to claim 17, further conpris-
ing feeding the signal from the calibration line to measure-

nment equi pnent.
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