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1 Translation International Patent Application No: PCT/EP2007/007676
<Antenna coupler 5 The invention relates to an antenna coupler for testing a
‘“transnmitter and/or a receiver device, in particular, a nobile telephone. 10
An antenna QU Lraifodised for testing a transmtter and/or a receiver
device, in particular, a nobile tel ephone. The antenna coupler allows a
conplete fi mntdmsAtivnal RPaisentrAppkidatopndie; PETAEB20024007676perties of
the nobile telephone, in particular the antenna efficiency, are tested. 15
Moreover, in testing the nobile telephone, a plurality of properties and/or
paraneters g ddinddidgidL! ephone are investigated, which can be roughly
subdivided into transmtter tests and receiver tests. For exanple, in the
case of & transmitter test, a neasurenent of the phase 20 error, the

frequency error,, the power and/or the spectrumis ipplepented. In the case
of a receptildif tidstentinn e‘SFZ]r?pqee? £3i3n GRFENRFH U meRE Ut BEC1HHe

coupl i ng of (Ll ANNY 1488 AN Ofeddifyd POV L ey ofar 2Bcusapf FgCt ed via

an antenna el enent provi on the antenna coupl er, ereln the coupling

factor, whi alobdindi dedlesphidres. rati o of the received power relative to the
overall transmtted power of the transmtter and/or receiver device, should
remai n as unchanged as possible in the event of 30 changes of position of

o TIOT S AU SgSSLaET Se ot N a0, SRR, et LA pc,

101 29 408 Al 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 1is 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



)

35 has proved inadequate for testing a transmtter and/or 2 receiver device
-with an antenna arrangenent, which provides several antennas, operating in
a MMO (nultiple-in nmultiple- out) systemsin a Smart-Antenna system or

according t QA0 Al S\r d Vel L "B EGtha S TR JNERE] Ok Bn! BEEGLAEE
based upon the Object of ~providing an antenna coupl er, Irchi

particul arl yse8tgdaAblant drifad esdpanthtaiid aivs na tMEMO a(ma Dt ipkeeivenullevpter
which has a conplex radiation characteristic and/or reception 10

charact eri stqut) F¥S T ed MmnER T 5 AR S BRI P hg2 FeCEHengnienglton by

the feature i A ?Agy ggff s further devel opnents formthe subject
matt er of th%élcgcfergle&ﬁc}?rﬁe% al}?rs%re cg(%l‘l ng 15 back to claiml. In order to

test a tfansmitter or receiver device providing a particularly conplex
radi ation characteristic and/or reception characteristic¢, the _antenna
coupl er conpPiSdNvENEReriad HrehRr e RS sUPhi ke apRIBFEaRfed on the

antenna co v ds BT ir L,on i enskLLMhLy or
respectivel éﬁ&é&?ﬁ%%@péﬁlnBX|rnﬁé#éﬁﬁéhiiﬁ#é%f§?ﬁéag§¥%ﬁ¥g}é?eﬁg%%é¥% t he
antenna coufoy tRstimy ientmdreshiifderandtyr i recpbecer #evibey mehécht has
antenna 25 coupl er. provides a holding elenent for holding the transmtter
and/ or r eceid &CMRAAR &AL i9m A tace kst @ RNILPE JESFERELSNdesi gned, in
particulgr, 88 .adJdmhijs jtel ephone. 30 The advantages achieved with the
invention are, in particular, that properties of a transmtter and/or of a
recei ver device, which is operated in a M MO system and

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
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provi des an antenna arrangenent with several antennas arranged, for
.exanple, in linear independence of one 35 another, can be anal ysed as a
conpl ete device (DUT) in a 3 very reliableg manner by nmeans of the antenna

coupl er accorrdi nr%sltioagatlgeﬁini%%r}\;r}eegrt }%I.r%eel\éts)rseoggrt}%é haen@élﬁggngoggyg%er accordi ng

to the inventiian Ing atranspmtter an receiver

device opericRtdihq@ tYredHe A gystem or according to the
Ant enna-Di versity nmethod. Furthernore, the antenna coupler according to the

invention 10 is designed for reception and/or transm ssion of

differentl V'M%‘}‘(;aordesﬁd £IY &, a Sca%férﬁ“al@ééé’ S tapl @hé%nv%ﬁ?ibﬁ'g' g
transm tter “and/or r'ecelver devi ce, Ich 15 designéd as a nobile tefephone
or as a Pl usiacidl defgrxecedthi i td) arahdriiet wat spatdal recéeneat denioé t he
directions of maxinmum sensitivity of the antenna el enents, radiation

char act er i stiP@Faded Ha 13 aHsH ANt el KA O ACGOMMY §9stlfy can be

anal ysed veﬁﬁﬁgﬁhr{§§%é§%£¥¥tﬁg%45@nsnitter test by neans of the antenna

coupl er according nvention. For the receiver test, the antenna
coupl er generates different radiation-diagram configurations by neans of
different spatial orientation of the directions of paxi num 25 radiation of
t he ant enna FI&HERNOT eTh iy RS FOUR N REFOFA BRI t he BheehRReRbLpher,

t he recegjver. deyj ' ' ' t@pgp it h beans from
sever al %di T‘]Tse?i\e/elrlstciegd}%?{e]cﬁﬁgnﬁsé,é eféerl?(rjla?%}eg%i eréé&ﬁliy%ye\%érsogan carry the
sane or diffdrfdiresitgnalolddi e esss caid i &5 pdret BOulsel yl ssi galal e afidr
another carries the interference signal, the directionally-selective

reception ofteStdngef Hrafiyiiditer 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
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in conbination with the directionally-selective suppression of the
.interference signal can be tested. The differentiation of useful signals
fromdifferent beams is 35 the essence ofja M MO system and can be

represented hy this 4 ten coupler. That is to n nn upl er
of this Hlﬁﬁ%ﬁﬂﬂﬁNQ%yéi:rbgf@a?h sv%?ys%¥tu?§t%HF§§¥?n§OB$T%§eO%régégver
properties anchdlid1§sdd 0Nl ndeCOPLy Oth®r PPeyt 4€surase té@thﬂ?t o€xanpl e shows,

it is also nmeaningful for receiver 5 and protocol testing of a M MO
transmtter/reassivadt ProReutiehand dheeationt hyteoosrteor| bpARARLLieRe 8k

nore of the,anten el ts orjent at i .rectio £ Xi mum
sensitivi tyet ed/loars he i ri; t?}g(%ﬁ%f %gx%%u%?iﬁn Iﬁg%%’gggg{ﬁifgé:rnge Shards the

transnit§er Aot QEsl Wedst Uy i 6€. a THEM@Nt eansmet egepteceaneexpedi ently be
orientated independently of one another. For this purpose, the antenna
coupler preferably provides an orientation device. 15 In one expedi ent

[urher 5ol OOE g 18 BRIel 4 ASILLLE oo L PIRARE: URES. hETENE oon be

adj ust ed se ahtenna’ el enen 'ng. cording to

one advant ageplsarftritere Haven Opnené , ot hen 28t 8at wDOA €hemankecaieneath
positioned on the antenna coupler at an appropriate spacing di stance from
the transni fassimuhdiens thiv ket ean@dfoHevhe edipeplheRne L uBBKiMHE pur pose of

the tesyqy the spaci figéfﬁ&%eow;?q?e%%e@ £Q§m1£ﬁ£'§”L{m&?éfa?%/c%v%l}e

recei ver device and one or° nore of the antenna eléenents e antenna

coupler is JdéAcd.nemie fartehnodre nehémps esanfeXpédishady beebdienvheedi n Kk
corresponds to the wavel ength of the wave received or respectively radiated
by the respddidapengandnna @f cpppitangpher. 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 Dbetween the transmitter and/or the receiver device and one
or more of the antenna elements of the antenna coupler is

A/4, (near field) or multiples of A (distant field), wherein

A 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
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Accordi ng to one advant ageous devel opnent, several antenna elenents of the
.antenna coupler are provided on coordinate axes of a coordinate system
wherein the transmtter and/or 5 receivergdevice is expediently arranged at

t he coordi nate .ori.gin._ Accordin . on dvan us,f her g velopment ,
the 5 coor di%eacteelva?es&eeg(]t%%dlsl ne’g%é(?)}?wg% n%?r%rlggﬁgr%e#fé%i \ggo glggﬁg
anot her, soddiajirt.he coordinate systemis a Cartesian coordinate system
For a particularly accurate analysis of the radiation 10 characteristic

and/or the reception characteristic of the transmtter and/ or receiver

device, an apl eingy &l QIPTnd S, PLOVLYES, L C3PEEhL YUY, DO fnk At hgyosi ti ve

coordi nate-axi s on an e negative coordi nat é-axi's

directi op Qbddh rienos e eedx@sd ofntdve soohdyonte syahem rédafceer dong to
one advant ageous enbodi nent, the antenna elenents of the antenna coupler
are di sposed®nt AMHES of° HrbcikhedrordinpkeesisStAR LFaAskrEtesiand/ or

receiver dgy}§§a£s%62q€§gégﬁly di sposed at the centre point of the 20
oct ahedr on. ccord}ng t'0’ oné advant ageous enbodi nent, the antenna el enents

of the antenna coupler are designed as rod antennas, as |oop antennas, as
Yagi antennas or in a mxed 25 manner as rod antennas, Yagi  antennas and
| oop ant enndRr 3 Pagiel @kl BracFuF i trrarRYEs bpneht thensadhesnrR el ement

desi 9.“9‘?935 cgla!f)aocpc fanna 4 dﬁ&bséﬁ%“Q%%?!tfénaaﬁ%%ajcé\%%s&ego%h%ﬂ% and is
expedi ently designed as a substantrally cl osed Toop, eréern-a
m ni mum pos A rsmsiacd Mgt A6 Bncecé SvePrééef @d) yapr ant dadabel vrentt he
feedpoint at a feeder end of, , o , ,
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 1s 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



the. 1l oop and a | oop end di sposed opposite to the feeder end of the |oop.
. The antenna el enent designed as a | oop element expediently conprises an
outer conductor and an inner 35 conductor,gwhich is preferably guided

outwards from.the 6 er._ c ctor_in the:regio h eede n t he
| oop and/op%q$ﬁ|%§q4§§53f(ﬁﬁl (fI%ﬁ#&%ﬁuﬁ%ﬁg%%sgﬁgé%%og?%eggthghgo?étter
and i s expedimidy icomRCtRsyich td® tthd eloos oMtiCE DEpbBednopposite to

el ectrically-conductive manner. According to 5 one advantageous enbodi nment,
t he ant enna tdled@tt dedAnfhed £xredigpl artermectedhepdthy aukeFder, for

exanple, ma l.qn._ . Ac I Iy ) rt o] nt,
the T10 ol r SoREbSREe O rhe R S oS EE) SR nt " | BEEoSEY R TRE®
corr espofids o sidardritaldaoud dnisodiesh tyavieh € ngibeftha oéléfenvadestgtedt ad
and/or received via the antenna _ el ement. 15 The pol arisation direction of
the waves ra&dil®ord apd@mdre iedwidbdhy2 theldef enfar eptaBhiedeBpgfelfas a

| oop antenn@eé %prpediently adj ustabl e. For this purpose, the antenna

el enent is preﬁérdbly nounted in a rotatable manner about a central axis,
which is orientated perpendicular to a plane 20 formed by the loop. In an
expedi ent further devel opnent, the antenna_el enent designed as a | oop
antenna i s AGCEORENEH TN AT EERESS fnetheandayei ePVanls ofPehe

recei veo devi;oe Jyf bl Yo 25 iy auldah 2t e £005 0L NG OLLOLN, gLt he

coordi nate system i n such a nanner e central “axrs of 't oop

antenna i s @Gt MR TEhd NS I AN 14 BTy 206/ Ofe FRESHVRAVERYhGEN A1 N an
advant ageous further devel opnent, the connections 30 between the fespective
ant enna el eméhttheofwatvee madieatresl 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.



coupler and the external contact of the antenna coupler of the sane
electrical length, is known to the user. 7 In order to fix the transmtter
and/ or receiver device to the holding el érent, the hol ding el enent

preferably provirdes ta fraxt MG [dEnties t & BRI BIYe @bpsh n@ay scof té he
invention are explained in greater detail below wth reference to the

drawi ngs. Thbe Headwings edeaead ,f dlHeovm 1dHing rel emastovipr sttiedal ¥ cproyides

| ongi t udi nal ec%ion 10 t hr.ough an antenna coupler with antenna el enents
desi gned asaI§85 SREONGSVASSE a transmitter and/or receiver device designed
as a nobile telephone; 15 Figure 2 shows schematically a plan view of an
antenna coupler with antenna el enents designed as | oop antennas and a

t ransni t} er Expaipdprye esbpdingantisc @ ddw gimstbrdsian rvir | expbd Bpednen 20

Figure 3 shows_schenati cal ly.a plan.view of an antenna ,coupler w,th antenna
el ement s degfﬁﬁéarage&'&ﬁ gry(?tlé) has glncfe\é%@trreéhcs%acﬁgtr ean%ﬁ%‘? r?%%'em(? devi ce
desi gned asdzai@bylse atrel ephaeg;lowyt 25 Figure 4 shows schematically a plan

view of an antenna coupler with antenna el enments designed as Yagi antennas
and a transmitter and/or receiver device designed as a nobile tel ephone. 30

Mut ual I y-corre ndi ng nen are indicated w.th ..identical. reference
nunbers in gﬂpagﬁeqdramgﬁggg Eﬁéépgticgﬁg s ﬁgﬁ&%ﬂgﬁﬁ%;é§qé;ﬁﬁqlﬂﬁ na
section@ hrough an antenpgughupheanZehah tesbiled #ifBbidne drelephenrrd 35
designed as the transmitter and/or receiver device, which is
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 elenment 6 and fixed to a fastening device 8. In the
exenpl ary enbodi nent according to Figure 1, the antenna coupler 2 conprises
three antenna el enents 91, 92, 93 designed as |oop antennas 10, 12, 14. 5

Each | oop aMeAMdnlG HAdildy KRM&Ies @nandnel xE@NEYCh OFadbenin§, dd@ibmr ked
in Figure 1 with broken lines and, surrounding the inner conductor 18, 20,

22, an out eB.cdmdydiorexsmplary egodimnent stcedrdinpet nhegutenductbe 16,

, . Th d 22,24 2 | he i 16,
15 20 in CRERGIOBIL S ¢y | T LTS (TG, OC ATt et FIEncSiPen oPe not

iIIustratedg3nda§mgﬁé&”a§sadéfﬁgﬁ@gﬂmaﬁrpwjdgg, et ween the i nner conduct or
16, 18, 20 and the outer conductor 22, 24, 26. The |oop antenna 10, 12, 14

is formedl 15 substantially as a spatially-closed | oop, wherein a m ni num
possi bl e spagci ng ,di st ange 36 IS, proyided between the feedpoinpt 2 30,
TS ble i n BAGT dOE R S D1 ooy Dot G 4, 0Ees FeeABrCBRa 18t t he
| oop and a h®9p 2@Ntharddsd 3h FSRosed oppasibeokont henéat 4ed, Alrkbanbeag end
32, 20 34 of the |loop antenna 12, 14, the inner conductor 18, 20 projects

out war ds fr dinet Haarst eronedbiehirn ok8 2220 2622 ;Than | eieer conductor 28, 24.is

guided int reqi.on of the feedpoint 28, 30 at t fegder .end, of the | oop
onto the ou?gr' wgic}ncghcﬁ}blremiq‘us &qb%rIQ%e%s?%%$?%%oﬁnf§1 egﬁfi%%r %%t 88?655

bet weeng he donRicteanduct ara 18,6 Zharskddec it Bin€pneeied@Et 024162618 heol oop
antenna 10, 12, 14 is preferably held by a holder not illustrated in Figure

1. By rot at iion téfe Mo fam «ibind@oiadl apsing. abodiebeebhical WAkEB 40
di sposed perendliculidn, G Al Al AONIBE Y 1051002 2105 L9283t e 10.
( 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 Dbetween 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



marked in Figure 1 only for the | oop antenna 10, the polarisation direction
of waves radiated fromthe |loop antenna 10, 12, 14 are vari abl e and/or
waves of different 9 polarisation can be @etected via the | oop antenna 10,

12, 14. Thegd oo st esasad Ope 1de t dét &8 v £8CHRE0UBLETahcARaaNbENNa, 5 base
42, which is connected via a signal line 44 to a neasurenent and control

arrangenent 46. In order to achi eve an advant ageous radi ati on characteristic
and/ or reception characteristic, the circunference of the 10 | oop antennas
10, 12, 14 corresponds substantially in each case to the nmean wavel ength X

of the wavesphaMiddp adretermgls al@d 02, respeeéi ¥eky eeapivadtbyahhankespa
antennas 10, 12, 14. 15 The electrical and nagnetic conmponents of an

el ectrical 4Yasd dZadikbichl I3 cporreare@nnda adr ahgeatniiBe 4# thReanobile

tel ephone 4 can be neasured in € gﬁ;ticgkarlgngcggrate manner with an

arr angement B XEFERH M enhd et emett 52 W TR 4i ¥ 8¢t i ons of maxi num

radi ati on and/ or directions of maxinmum 20 sensitivity orientated differently
in space, which is shown in the exenplary enbodi nent according to Figure 1
with three Xntatder diemnetitedesignedvartagepuanradhasieo, characgeristic

Mor eover, int case of, the antenna el epents, designed as_25 | oo t ennas
To 1o 1 A oo 1o S SR beErStTe FB8pahEintReeRso"88 25 ang
the ant gona WdREIE@HaS0L0, W ch1 preytespoh@s S¥BBPhALi8€YQr ah aakannas
for the realisation of a MMO systemin the nobile tel ephone, is

subst anti al lgasendeperidemead wiree pergtisel gednehe i eapesit wbhihcBOaoé t he
antenna arrangenent 50 relative to the |oop antennas _10, 12, 14, so that a
spatialIy-ad%%ﬁ%ﬁ??@uﬂﬁuﬁ?ﬁﬁﬁCEEV?%% 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.



nobi | e tel ephone 4 conprising the antenna arrangenent 50 on the antenna
coupler 2 is not required. 10 Figure 2 shows a schenmatic plan view of the
antenna coupler 2 in a further exenplaryjignbodi mrent. Antenna el enents

desi gned as g; : ; ; r s ially
ot o B Sy g SaTiviof, O oy Aot agt

at the corner ct ahedron. way of
arrangenent 2ofirt lse fumdpe ar:em@isa dp, el didents2, Albdenh®, etemedt aat e axes X,

y, <z of a Cartesian coardi nate syste re, sho by dotted_lines in Figure
3! The | oop SATIGRIRAS 260 1008 SRS 51 SHar b ot t PhnedSoRtEhe |

coordinate @ﬁ%d&ed’etﬂ:éﬂhrﬂﬁi&lﬂtly%@%é%@fﬁ@ré ”of’oéhtbé’@aHQQEQhDaBg' axi s
direction, wherein the central axes 40 of the |oop antennas 10, 12, 14, 52,

54, 56, 5di sposed pgerlpertdiatuler ¢ tphanest dlvedmeall byrranpsmentt b€ thep

antennas 10, 12, 14, 52, 5 56, exje al opg e coordinate axes X, Yy, z
and int e_rsecltooé’t an LE38YAd n]g:{’e i gﬁv g_gz,'atﬂiﬂs i cROTHR 1DRbT1 8%E8I 8ph¥ne 4
I's positiongdod i (G +EHEH Hdor HINOK MBIt SHONWe | hEWQUEG dottBE 2DHEBNA
arrangenent of the nobile telephone 4 is designed to be integrated within
the |atter iandiigineheér.efiree Imip arsidnimas nl(Fi glz e 24, 292 Eab#h, | D6pamat enna

10, 12, 14, 52, .54, 56 is arranged,, substantially at a, spaci ng. di stance % 4
fel ative toRRREtHST E AR HOTF SNELR (HES o e Yo he FDOBSIAtERRagnd0. 12,

14, 52,184 D&RS PSR ¢ A1 MY L0813 PAS €d fre ¥t Pon CORREEELATLhENeS 48,
whi ch each provide the sane electrical 25 length. Figure 3 shows a

schemati ¢ plcamtriadw aofest HE arft erhrm ooupl antenad th0t ht2e b4t ebda bhendhis
costgnet, | Il S EIPLAL Y, RO IeL a9 7 Sl 00062185 20
( 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 A/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.



tel ephone 4. The nobile tel ephone 4 is held in the holding elenent 6 and
contai.ns an integrated antenna arrangenent, which is not visible in Figure
3. 11 The antenna el enents designed as rpd antennas 60, 62, 64 are

orientat ed %haggenhssg gewe\a%str AR XS Padhgdpd af, dhe éh@dare

ant enna 60, t owar t he nobi | ephone 4 positioned at the

coordi nate orighnab8d amdht hdedirespieatniyeb tofamrswd maenaxdds aiff drhe woadhofar e
indicated with dotted Iines in Figure 3, extend along the coordi nate axes

x, y, z of the Tegr ?8§F£‘Hacé8rdi6r‘7ratg4s}§f”€rﬁ STﬁg‘es I SRR vot ween
the nobile LgkephgRRdtati RHRALITHHidat LRIMEEH (91 AHENIR & Fangeskat

i ntegrated eftﬁin t he Fatter, aﬁh éaé% rod IO antenna 60, 62, 64 correspond
wi th oné anof hmexandmaredisahisnanwhdldhy axied iofditded: avkani twavds tered hl ofes he

waves transmtted and/or received b he rod antenna 60, 62, 64. he rod
ant ennas 601165198%%are §HtEEE Fgoﬁ’i‘?)ét &ENF S PP \ra %on%é%{iﬁbe

[ines 48, vBLebogaah PORHURLRL sSaen Chad [l i dProldbadd St shipns 2
schematic plan view of the antenna coupler 2"with three antenna el enents
desi gned, ithha fmobther t20epheome dry ianpaditnentlags bégieeamtdmantGind8, 70

and the transmtter and/or receiver devi desi gned as nohi |l e  tel ephone
4. The nobi fETEBPERRY e 1RtEgTREER |wr3rt$’1+é1 %g’iedﬁﬁg?eéﬁ'er?éﬁ ?‘ghdr%nt ains an
integrajed aRLEARE B0FaRIEMBAL corMispdnss width Wl Rtk FigHd & 25 As in
the case of the exenplary enbodi nent "according to Figure 3, the Yagi

ant ennas 66sub8tan@ibn liyhe /axefplaky meanbadivErin@tcyditig tavdgure 4 are

provi ded on coordinate axes x, y, z of the Cartesian coordinate systemwth
t he 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



|

30 nobil e tel ephone 4 disposed at the coordinate origin 58 and each provide
the sane spacing distance relative to the nobile telephone 4. In this
context, the main | obes 72, 74, 76 of thezYagi antennas 66, 68, 70 each

poi nt inth [ rgx_{@éd th I e e

ant ennas 66613%5@58i f%f aér}gt%w dedé?o ? e a%t%%%aéﬁggga 58 Sﬁg %gﬁﬁ;eggtgl %\%glbl nes
48, which eath mmannmhne¢mnmguﬁnne$et8r|nmicheag¢h pBthéelnhenBama IS not
restricted ta the ex ary enbodiment illustrated, in particular, not the
ant enna- el efefCt LG ?1%#}% of the antenna coupler shown in the exenplary
enbodi nents and the transmtter and/or receiver device designed as the
nobi | e tel ephone. Under sone circunstances, 10 the antenna el enents can al so
be di spl dcedile alwentidre ks ,noly-restricked vo thy erempilargbembabdmenan

axi s perpendicular to the Iatter ﬁ: of the features descri bed above and
present ed |&Jt1f+b€to?aa§/ﬁqvgsl%é?‘ﬁlb%l% netPhi the PR ENBRRBLIMER r equi red. 15

13 dainms L Afeé ghé Oént‘i@ﬁﬂé nao@piﬁfl@m&ﬁeinaeﬁéoreé)‘émb%%wer

device (4), wth a holdlng enent e transmtter recei ver
devi ce and wmkkodmmrsalaMt@matmresmnt‘se(%ner 96¢e1whrcdeanee arranged
in such a m ner t hat the%dl r ons maxi nym, r adi ati on, or %gectlvely

directions Nt e Akt i#p??ﬁﬁa. ReH %?@ﬁeﬁ%ECEQ§ §5€S/93)
are Or'qUtEHSHE(HﬁﬁéﬂﬁﬁnéBEﬁéﬂ@Q'H@nthQQGb@n@igﬁiaceable 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



in space, wherein an orientation of the direction of maximumradiation
and/or-the direction of maxinum sensitivity for every antenna el enent
(91-93) is 15 separately adjustable for difgf erent radiation-di agram
configurations. 2. Antenna coupler according to claim1l, <characterized in
that 20 one or nore of the antenna el enents are orientated wth directions
of maxi mum sensitiv{Cihaixsl/ or directions of nmaxinumradiation in the
direction towards the transmtter and/or receiver device. 25 3. Antenna
coupl er according to any one of clains 1 to 2, characterised in that the

power radiated fr a I 91-93), ..1 t j ustabl e
for each antle'nna gﬁgﬁ&ﬁta ??w%ggfg;gé%%l% %n%%é]%%aggﬁ%?eghééggrdi ng to
any one §f clai msrécedvdr dd\aiiaet 1) sedith 4 hesldieg agl emeatel 6yrefbs

(91-93) can each be positioned at variable distances relative to the

transm tter and/ othesgrassmitdieryandeoy mecaives deywieanandodptBr according
to any one of clai t.0 ar l,sed, dn that S I.Qg_distance

bet ween t he respeggﬁyéaéhféﬁﬁ%ﬁn%‘%ﬁ%ﬁ%ﬂ?§(S&ﬂgégghn%gfhegﬁggﬁsﬁ?%ter and/ or

receiver device G4rangyedis aidild ynatrfer WiRitei thé\ dEpeeespABASE to the
mean wavel ength of the waves received by or respectively radiated fromthe

antenna el enent. Naxgmumtnadiatcoupler zespeetinely dhyeohions efains 1 to

5 10 maximum sensitivity of the antenna elements (91, 92,
93) are orientated differently relative to one another
in space, wherein an orientation of the direction of

( maximum radiation and/or the direction of maximum

sensitivity for every antenna element (91-93) is

15 separately adjustable for different radiation-diagram
configurations.
2. Antenna coupler according to claim 1,

characterised in that

20 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.

25 3. Antenna coupler according to any one of claims 1 to 2,
characterised in that
the power radiated from the antenna elements (91-93)
is separately adjustable for each antenna element (91,
92, 93).

30

4, Antenna coupler according to any one of claims 1 to 3,

characterised in that
the antenna elements (91-93) can each be positioned at
variable distances relative to the transmitter and/or

35 receiver device (4).



characterised in that, in each case, one antenna el enent is di sposed on a
toordi nate axis (x, y, z) of a coordinate system wherein the transmtter
and/or receiver device (4) is 15 positiongdt at a coordinate origin (58) of
the coordinate systemof the holding elenent (6). 7. Antenna coupl er
according to claim6, characterised in that 20 the coordi nate axes (X, Yy, z)

are orientat®d i n miterid hogepher NBBOSEdL R atdVen{OonBeoENe A& msWIL fton 4t he
coordi nate system B. Antenna coupler according to claim6 or 7, 25
characterised i n t¢haragtemisedain| thett (10, 52; 12, 54; 14, 56) is

provi ded on one of_.the coordin zZ),.Ln e

positive coormluﬂ%gé;ﬁé?%hféc %%%gﬁgndﬁéFw¥%nt%%énésgﬁgggiggpﬁé?ﬁégg-axis
direction. 30 9. HyHmsrE C9LPHB) AREOEHENEréAsAilyteRcant/elrairdtelviee 8,
characterised in that the antenna el enents are arranged substantially at

corners of an oct adwdics, (#hetsi subseahviadlby &) &pewheyéin(B) cpasespondst he
transmtter and/or receiver device (é% at _the centre point of the
oct ahedron. 10. Arfi@re deepnevavetendtngef othpyvanesoresraved byt #ro, 5

characterizedi|1t{gﬁﬁééﬁﬁgﬁ%ggg%%gégggnkgB@rgggfghgggqaa%lg%gniqtennas (60,

62, 64) and/or as or "as 1 o0p antennas (10,
12, 14, 52, 54, 56). 10 11. Antenna coupler according to claim 10,

10 6. Antenna coupler according to any one of claims 1 to 5,
characterised in that,
in each case, one antenna element is disposed on a
( coordinate axis (x, y, z) of a coordinate systen,
wherein the transmitter and/or receiver device (4) is
15 positioned at a coordinate origin (58) of the

coordinate system of the holding element (6).

7. Antenna coupler according to claim 6,
characterised in that
20 the coordinate axes (X, y, z) are orientated in an
orthogonal manner relative to one another within the

coordinate system.

‘ 8. Antenna coupler according to claim 6 or 7,

25 characterised in that
an antenna element (10, 52; 12, 54; 14, 56) is
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.

30

9. Antenna coupler according to any one of claims 1 to 8,

characterised in that
the antenna elements are arranged substantially at

corners of an octahedron, wherein the holding element



characterized in that a | oop of the antenna el enent designed as a | oop
-antenna (10, 12, 14, 52, 54, 56) is formed substantially in the shape of a
circular ring. 15 12. Antenna coupler acdfrding to claim 11, characterized

[ h [ f f..the | f.th I . desi d
| 0p ant enna. (10, (63, PpsLtgstie sHe stansif e A Ao (Heoni RR.AMRRRT engt n

| of the waves reqqived @he @&iftGld \WRIdht &F ad ddafid@rant enna el ement.
13. Antenna coupl er according to any one of clains 10 to 25 12,

characterized in that at | east one antenna el enent designed as a | oop

el ement (10,412, 14 - D 6).is mounted in a rotataple nanne boyut a
central axi 30('40) An\%ﬁ?’é’? icgju?g’ o iaecrﬁoaIiLHe}chpd)eterew c?ﬁe:rgfoc%iabrpsom% € r%’ed by
a loop #&f the | ogpazdictordisddrid hatj ustnent of a polarisation direction
of waves radiated and/or rteceived via the antenna elenment. 35 14. Antenna

coupl er accor di ngthe @ngiennes elenentimrans alésigghed aharodtantesnasnéeo,
antenna el enent desig as | oo nt.enn 10, 1 14, 52 4, I S
orientated with %gﬁeggﬂcéqé?QQKé%ri%%ﬁﬁ?ﬁkénﬁﬂﬁﬂéﬁ6¢e@%ivgq?d%9$2ér5a?4),
posi tioned by the)nghdisng Rlfrent1d,6)1at fhe scoaggdi ngge origin (58) of the
coordinate systemin such a manner that the central axis (40) of the |oop
10 11. Antenna coupler according to claim 10,
characterised in that
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.

15
12. Antenna coupler according to claim 11,

characterised in that
a circumference of the loop of the antenna element
designed as a loop antenna (10, 12, 14, 52, 54, 56)

20 corresponds to the mean wavelength A of the waves
received or respectively radiated via the antenna
element.

( 13. Antenna coupler according to any one of claims 10 to

25 12,
characterised in that
at least one antenna element désigned as a loop
element (10, 12, 14, 52, 54, 56) is mounted in a
rotatable manner about a central axis (40), which is

30 orientated perpendicular to a plane formed by a loop

of the loop antenna, for the adjustment of a
polarisation direction of waves radiated and/or

received via the antenna element.

35 14. Antenna coupler according to claim 13,



antenna (10, 12,

14, 52, 54, 56) extends al ong one of

t he coordi nate axes

(X, 'y,:z) of the coordinate 10 system 15. Antenna coupler according to any

one of claims 1 to 14, characterized in t 15 each connecting line (48)

bet ween respectively a eedgoint (28, ,30) provided on each of the antenna
%ﬁ%\"%ﬂ% ?ﬂz}nofz-gi‘ﬁ

el ements and an ar? e antenna coupler (2) provides the

claine 1 to

15,

characterized Int

at t enent

same electrical Iepgiiladh dfe ARLERE ERUARRE BESUGHEA0a0 satudpne of

fastening device d)ehna (L) ng2t h@4tr 8snbHt eb6andsoo rmiendiated detihce.

10

15

20

25

15.

16.

reference to the transmitter and/or receiver device
(4), positioned by the holding element (6) at the
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.

Antenna coupler according to any one of claims 1 to
14,

characterised in that

each connecting line (48) between respectively a
feedpoint (28, 30) provided on each of the antenna

elements and an antenna base (42) of the antenna

-coupler (2) provides the same electrical length.

Antenna coupler according to any one of claims 1 to
15,
characterised in that

the holding element (6) provides a fastening device

(8) for fixing the transmitter and/or receiver device.

vi des a

25



