1 6 JUL 2004 OVER- THE- AlR COUPLER FOR RF DEVI CE TESTI NG 5 BACKGROUND OF THE
| NVENTI ON  FI ELD OF THE | NVENTI ON The present invention generally rel ates

to RF devices and, nore specifically, to systens and nethods fqr EﬁﬁéEﬂﬁ
RF devi ces, such as nobile phones, anong ot hers. DESCRI PTI ON OF ﬂ% LAWED

ART 10 The proliferation of RF devices and, in particular, wreless

hand- hel d RF devices, such as nobil e phones, hand-held |Internet
appliances, etc., has pronpted the need for nanufacturers to be able to
reliably test these devices. Currently, production testing and calibration
of nobil e phones, for exanple, oftentinmes is conducted with the use of RF

connectors, commoRhYERETR RIRICOBPLEIEHORRE FRVICEHESTINGhi ch are for ned

as part of 15 the phones. Many such gal vani ¢ connectors act as nechani cal
swi tches which tenporarily disconnect the antenna of a phone when testing
equi pnment is coupled to the phone via the galvanic connector. As the

gal vani ¢ connectors typically only are utilized for manufacturing testing
pur poses, such gal vanic c%ﬁﬁé@ﬂ%@gmﬁB@FﬂgﬂEH@VBNHEDNtion cost of the

phones while providing little to no other benefits to the end users of the
phones. 20 Additionally, gal \FERLD QIOTHEANMENTN fail to electrically
reconnect the phone antenna to the phone after testing is conpleted, i.e.,

when the afor qm%%ésgﬂﬁﬁvélﬁﬁhiggﬂergﬂﬁe@ate]s%} RP8ices and, more specifically, to

systems and methods for testing RF devices, such as mobile phones, among others.

DESCRIPTION OF THE RELATED ART

10 The proliferation of RF devices and, in particular, wireless hand-held RF devices,
such as mobile phones, hand-held Internet appliances, efc., has prompted the need for
manufacturers to be able to reliably test these devices. Currently, production testing and
calibration of mobile phones, for example, oftentimes is conducted with the use of RF
connectors, commonly referred to as “galvanic connectors,” which are formed as part of

15 the phones. Many such galvanic connectors act as mechanical switches which

) temporarily disconnect the antenna of a phone when testing equipment is coupled to the

phone via the galvanic connector. As the galvanic connectors typicall.y only are utilized
for manufacturing testing purposes, such galvanic connectors add to the production cost
of the phones while providing little to no other benefits to the end users of the phones.

20 Addittonally, galvanic connectors may fail to electrically reconnect the phone

antenna to the phone after testing is completed, i.e., when the aforementioned testing



equi pnent has been di sengaged fromthe gal vanic connector. Thus, it is
possible that a particular phone may pass a manufacturer's testing and
calibration procedures and yet fail to function properly for th in uigr
as the antenna may remain di sconnected fromthe phone after congl t 4
testing. 5 Therefore, there is a need for inproved testing systens and

nmet hods which address these and other shortcom ngs of the prior art.
SUMVARY OF THE | NVENTI ON Briefly described, the present invention rel ates

to radi o EqesenRGYs b&NdisRgheaSrond theathanicitoRAddidiC WAL, it IsPokaBleimg a0f RF
devi ces, such as nobil e phones, anong others. In this regard, a preferred

enbodi nmen | i OV di .. Syst em
For testi st obrgboRE FRE Pt DRI AP e g ST SN AR Bt BBl 2
antenna, with the antenna being configured to propagate an RF signal. The
preferr edtosf%‘ft}é’l’iﬁﬂr?%lrypfgi? thegad aS%o%ﬁL%ﬁntﬁwaeﬂax enRghisernetied Gorabs | it at e

15 coupling between an RF signal and the RF device. The coupler includes a
conduct i nghongeitbieromplétoreoibegmgwal | that is configured to engage a portion
of the body of the RF device, and an antenna-receiving nmenber that is

conki gured to TREELKE tikke Is8ARkd SorRPpidven téting shecrddRNAshoddghichonal 1y, a
tuning nmenber is provided that is configured to receive at |least a portion

of the antgn th i Pref.er abl he .tuning nmenber is aligned with the
20 antenﬁ%ﬁygggF§?%§iﬁ%ﬁﬁ%?ﬂg%nnﬁg?f%?pFégg# a first.portion of the antenna
is receivable by the antenna-receiving nenber and at | east a second

portion of the antenna is receivable 2 1 6 JUL 2004

D SUMMARY OF THE INVENTION
Brefly described, the present invention relates to radio frequency (RF) devices
10 and, in particular, to testing of RF devices, such as mobile phones, among others. In this
regard, a preferred embodiment of the present invention may be construed as providing a
system for testing an RF device. Typically, the RF device includes a body and an
antenna, with the antenna being configured to propagate an RF signal.
The preferred system incorporates a coupler which is configured to facilitate
15 coupling between an RF signal and the RF device. The coupler includes a conducting
) member with a base wall that is configured to engage a portion of the body of the RF
device, and an antenna-receiving member that is configured to receive at least a portion of
the antenna. Additionally, a tuning member 1s provided that is configured to receive at
- least a portion of the antenna therein. Preferably, the tuning member is aligned with the
20 antenna-receiving member so that at least a first portion of the antenna is receivable by

the antenna-receiving member and at least a second portion of the antenna is receivable



by the tuning nenber. So configured, resonance in a coupling coefficient of
an RF signal injected into the coupler via the antenna-receiviQnganqmg4
and the conducting nenber nay be tuned by the tuning nenber. O her

enbodi nents of the present invention may be construed as providing 5

met hods for coupling an RF signal between an RF device and test equi pnent.
In this regard, a preferred such nethod includes the steps of. (1)
providing an RF device; (2) at |least partially surrounding a first portion

of the anbomausihgbiienter 96vbeSaitbd ?esanmekmgcomhgrcb@#ﬁaeﬁﬂ@lfm Gighpl | ng

an RF signal to a second portion of the antenna, the second portion of the

ant enna bej: 1 sed hetween the first.portion a t he RFE.devi ce body. 10
Sher T eatineePinRERE SRR TR A ne o5 ba B por RO AR b iR Bem o pa en
to one with skill in the art upon exam nation of the follow ng draw ngs
and det ai May be dengd by des WRIngmemeer; nt ended that all such features and

advant ages be included herein within the scope of the present invention,
as defined i n Oter ampeditdettscd fahapresehd irlBRhtidn RESHREGHErOR LFprétidingEVERAL

VI EW5 OF THE DRAW NGS The present invention, as defined in the clains, can

be et t er il fir@ethieldh RELEhAHeRvdeR ah ke dHd Rkt Q%@;\fn@% In{H}¢ draw ngs

are not necessarily to scal e, "'enphasis instead being ced on clearly

illustrating the principles of the present i ntion. FI [

per Spect 1 (e SRl s e aRaRuRs SR oty Rieifas ah v ks Pomt 20
shown with a representative hand-held RF device, e.g., a nobile phone. 3 1
6 JUL 200kagtpertiafly surreungingma {irstporspn of theapisns abive veqeaHith A 1 with
% representative

. material; and (3) coupling an RF signal to a second portion of the antenna, the second

portion of the antenna being disposed between the first portion and the RF device body.
10 Other features and advantages of the present invention will become apparent to

one with skill in the art upon examination of the following drawings and detailed

description. Itis intended that all such features and advantages be included herein within

the scope of the present invention, as defined in the appended claims.

15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
) The present invention, as defined in the claims, can be better understood with
reference to the following drawings. The drawings are not necessarily to scale, emphasis
instead being placed on clearly illustrating the principles of the present invention.
FIG. 1 is a perspective view of a preferred embodiment of the present invention

20 shown with a representative hand-held RF device, e.g., a mobile phone.



nobi | e phone engaged thereon (the phone is depicted in phantomli nes{'. FIC&
3 is a schematic diagram of the enbodi ment of the present inventl&nJUbL 200
depicted in FIGs. 1 and 2. 5 FIG 4 is a schematic di agram depi cting an
equi val ent four-port network corresponding to the schematic di agram of

FIG 3. FIG 5 is graph depicting voltage standing wave ratio (VSWR) versus
coupled length in wave length for Ports 1 and 2 of the network depicted in
FIG 4. FIG 6 is graph depicting coupling coefficient versus coupl ed

llength in waveFrIidQ sn@idvit@roftey dibddidBst @pRicdilFIae! wanls esRiGkRei N FI G
4. FIG 7 is graph depicting VSWR versus coupled length in wave |length for

Ports 1 . t t Lct L. El | G. 8.is graph depicting
coupling g{(;%fhfg Pgéneen{ﬁ%(%?lstﬁggeé%&g?g%‘)q%g%g%h%gtfa%invéj\?gﬁ) Gleurll%st)'h for Ports | and
2 of the network depicted in FIG 4. 15 FIG, 9 is graph depicting VSWR
versus coupl edFl@nyish schematiretipaag o thegpmmgiment pf thgpresenhMVERiot et wor k
depicted in FIG 4. FIG 10 is graph depicting coupling coefficient versus
coupl ed | demtthd imFMsv e and @ngth for Ports | and 2 of the network depicted in
FIG 4. FIG 11 is a graph depicting VSWR (as seen fromthe coupl er input

o), Yo £ue,, Bl i AR e i peth b o 00
coeffici epl (RSINESH hiSreiRt AagtAPSFFRNY.
FIG. 5 1s graph depicting voltage standing wave ratio (VSWR) versus coupled
" ) | length in wave length for Ports 1 and 2 of the network depicted in FIG. 4.
FIG. 6 is graph depicting coupling coefficient versus coupled Iength in wave
10 length for Ports 1 and 2 .of the network depicted in FIG, 4.
FIG. 7 is graph depicting VSWR versus coupled length in wave length for Ports 1
and 2 of the network depicted in FIG. 4.
FIG. 8 is graph depicting coupling coefficient versus coupled length in wave
length for Ports 1 and 2 of the network depicted in FIG. 4.
15 FIG. 9 is graph depicting VSWR versus coupled length in wave length for Ports 1
) and 2 of the network depicted in FIG. 4.
FIG. 10 is graph depicting coupling coefficient versus coupled length in wave
length for Ports 1 and 2 of the network depicted in FIG. 4.

FIG. 11 1s a graph depicting VSWR (as seen from the coupler input port) versus

20 frequency for the embodiment of the present invention depicted in FIG. 1.




nobi | e phone antenna port) versus frequency for the enbodi nent of the
present invention depicted in FIG 1. FIG 13 is a graph depic}Png Ehfﬁﬁ
versus frequency (neasured phase response of 5 the enbodi nent o H
present invention depicted in FIG 1). FIG 14 is a perspective view of an
alternative enbodi mrent of the present invention. FIG 15 is a schematic
vi ew of the enbodi nent depicted in FIG 14 showmn with a representative
hand- hel d RF devi ce. 10 DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT

Reference 1s NPH;NBAgaefupk dSpickng WAL Robiikni @LAIEATR: QHRE Ayhy kil cat e

correspondi ng parts throughout the several views. As shown in G 1, a

Vet orr ea TSGRl e plt vertus Wi Bp P b fintto: o s bSr e

preferably is formed of a non-conductive plastic, such as Delrin(r), for
exanpl e, fepagtedisFlsr di el ectric constant of |ess than approximately 4. Upon
base 102 is arranged a ground conducti ng nenber or plate 104 which, in the
enbodi ment depFii. 44 is 8 ghpB.depicting plesaveguy ReljRacafindassiad paskereypbade. of
Preferably, conducting plate 104 is formed of al um num or anot her

appsopr i a&%'eﬁqb%@ﬂ?éﬁ%f\iﬁhlgp%%gﬁﬁh@éﬂtiﬁhﬁgﬂicteg@ﬁﬁ@W?UCti ng plate preferably

i ncor porates a base wa , which i adapted to engage base 102, and a

side wall 108, P‘I\ﬁ1 Ilﬁ?s g ééres'\lr)]g: ivg l\Jf}evwvacgfd alnyaltfeltn% 1vé Qrgbg(ﬁrsn%ht 05f t11ie gre‘geLljl 2004

mvention.
) FIG. 15 is a schematic view of the embodiment depicted in FIG. 14 shown with a
representative hand-held RF device.
10
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
Reference is now made to FIG. 1, wherein like reference numerals indicate
corresponding parts throughout the several views. As shown in FIG. 1, a preferred
embodiment of the RF over-the-air coupler 100 (oftentimes referred to herein as merely
15 “coupler”) includes a base 102, which preferably is formed of a non-conductive plastic,
) ' such as Delrin®, for example, that has a dielectric constant of less than approximately 4.
Upon base 102 is arranged a ground conducting member or plate 104 which, in the
embodiment depicted in FIG. 1, is configured as an L-shaped member. Preferably,
conducting plate 104 is formed of aluminum or another appropriately conducting

20 material(s). The conducting plate preferably incorporates a base wall 106, which is

adapted to engage base 102, and a side wall 108, which extends outwardly from the base.



I n other enbodi nents, various other configurations, such as those
incorporating two side walls, no side walls, or two side wall sl angug ng
"ceiling," for exanple, may be utilized. Spacing plate 109, which is e
of alum num or anot her suitable conducting material (s) nay be used in sone
enbodi ments to appropriately | ocate an RF connector (described 5
hereinafter). As depicted in FIG 1, side wall 108 and spacing plate 109
cooperate so as to support a printed circuit board (PCB) 111. So

confi gur egy oeh@nShdilksts Rard8Y bh€r coiMeiratiBSs, TN dsehfRan& kin Hee

arranged upon the base so t hat the back or under si de of t phone engages

isin ¢l 0 and si de .edge of t.he .phone
engages or 1S THgs Al B b e §ottEond Sl Sod it 8 hRatnent i s
depicted in 10 FIG 2, with the representatlve hand- hel d deV|ce bei n
depi ct ed Sﬁaq%nlﬂtﬁnm% whish is wagde pElumppimpsapothes Puitble emd aﬁi%ﬁ@w@@gu vi ng
menber 112 which is adapted to receive an antenna of a hand-held RF
devi ce. Asaybeknalvm, sogiz@Embadimattetongpryiatelnootp an KFecoanbebi (daderibtd uct ur e,
whi ch may be provided in order to reduce size of the antenna. An antenna

of this cantighe t'A@rae BtcBQERD! ¥ SIRIRAT B 4 gﬁlq{éclt@V(%bﬁ{erh@%g‘ﬁg 15

stub" or "iInducti I x." Preférably, antenn rece|V|ng menb is formed
of brass, anothe SUIt n na i zed herein
The t o m Wtippdd penpisdaitet Ao (BCEY LI & Fhehi A Bhnas R ﬁ"%ﬁ%ﬁuc hat
appropriately gropagates RF ener gy, such as a I material that has a

resi st ances wpbilekonerdf, mppbosirsged npon the bagriesthelthe bagk qromdestidei the

tenna-receiving nmenber preferably is formed in a generally ring-shaped
conf i gur aphaie engfealot [xdnglose praximity od bise walldé and whidehedae ef hephoaker ed wel |
wi thin the scope of the present invention, may be utilized. So configured,
an ant enng,J1Bys 89s #PA6Tb AhlYio SRSV MEAPYSuch an arrangement is depicted in
10 FIG. 2, with the represenfative hand-held device being depicted in phantom lines.
Coupler 100 also includes an antenna-receiving member 112 which is adapted to
receive an antenna of a hand-held RF device. Asis known, such an antenna may
incorporate a helical structure, which may be provided 1n order to reduce size of the
antenna, An antenna of this configuration is commeonly referred to as “inductively loaded
15 stub” or “inductive helix.” Preferably, antenna-receiving member is formed of brass, or
) anothcrl suitable conducting material(s). As utilized herein, the term “suitable conducting
material(s)” refers to a material(s) that appropriately propagates RF energy, such as a
material ;:hat has a resistance of less than approximately 100 pohms-cm?cm, for example.
Antenna-receiving member preferably is formed in a generally ring-shaped configuration

20 although various other shapes, which are considered well within the scope of the present

invention, may be utilized. So configured, an antenna may be appropriately received by



6 1 8 JUL 2004 at |east a portion of the antenna-receiving nmenber, such as
by inserting the antenna therein. In the enbodi nent depicted i dghtéw /
proxi mal end 116 of the antenna-receiving nenber |ncorporates a péd
profile which is adapted to facilitate engagenent of the 5 antenna within
an antenna-receiving orifice 114. Mre specifically, the contoured

peri phery of the proxinmal end of the antenna-receiving nenber, which may be
adapted to engage the exterior surface of a phone body, for exanple,

pr ef er abl yt Ipet apdisioa of depetennengrpenemember, blvh Alydndeaing thbftetfte orifice.
This configuration tends to pronote a tight RF coupling of the phone with
the coupl gkrepfAddi tional ly, engagenment of a side of the 10 phone with the
side wall 108 al so nay tend to properly align the antenna for insertion

into the ant V|n orlf tenna-rec ng,orifice 114,

comuni cat es, %glqﬁe em ?‘dalﬁt%lc'\ﬁ?’tmo’flﬂg‘ e’i“ﬁ ﬁér? © pRGRRAICEFIVIRE RF

t uni ng nenber 118 mhlch i's forned of ferrite or another suitable tuning
mat er i al (Wpmbagnearpotatesd chatouied, prefile vehaehis 2damediy faeilitate engagymentefdhes to a
material (s) 15 that is capable of altering propagation characteristics of

an RF si gnadnnandihid arehaeiraiaeeiiRng ofifies g4, Moed giailicylly, ihdongpuigirber 118 is
configured as a hollow cylinder although various other shapes may be

utilized 'h&?'tofﬁ{?s r{ﬂ@iiﬁ%@nd@ﬁhpﬁn &Qélhg%%éénﬁé?cﬁhféﬁ%d@ dbe V\%t{e??ét a

portion o e tun| Such ot her s es are consi W t hin
i ze. PREE LR PUBTIGh U2ges P! TR0 Br ST GFS RGOUUTTRISE (6ot ¢ he
l'(‘?oupl o aerrll(;ag;n?ei[ ce):i]: t(ljlg gntefllfangvf‘thfn()thg tr)g%ilclzed eTh?s configuration tends to promote a tight
RF coupling of the phone with the coupler. Additionally, engagement of a side of the
10 phone with the side wall 108 also may tend to properly align the antenna for insertion into
the antenna-receiving orifice.
Antenna-receiving orifice 114 communicates, e.g., is in alignment, with the
interior cavity of an RF tuning member 118 which is formed of ferrite or another suitabie
tuning material(s). As utilized herein, the term “tuning material(s)” refers to a material(s)
15 that 1s capable of altering propagation characteristics of an RF signal and/or absorbing RFF
) energy. Preferably, tuning member 118 is configured as a hollow cylinder although
various other shapes may be utilized so that an antenna may be appropriately received by
at least a portion of tﬁe tuning member. Such other shapes are considered well within the
scope of the present invention. Use of the tuning member tends to minimize the radiation

20 of uncoupled energy during utilization of the coupler and, therefore, tends to provide a

coupler that is relatively insensitive to minor variances in phone placement, thercby



coupler that is relatively insensitive to mnor variances in phone

pl acenment, thereby 7 18 JUL 2004 producing a nore repeatable dofﬁjp]l]mgg[j[]l;
This feature also tends to pronote repeatable neasurenents, such as during
manuf acturer testing and/or calibration of RF devices (descrlbed
hereinafter). Orientation of tuning nenber 118 and ant enna-receiVvi ng nenber
112 is 5 nmaintai ned by a support nenber 120. Various configurations of
support nenbers nmay be utilized provided that the configuration enables

appr opr i ap@dpeisg hin@irt RgestbblelRouplingl Mhis FRRE sd Rhad toRoiBtetrBSeatable
ant enna-recei ving nmenber, e.g., in sone enbodi nents, the tuning nenber

does not H@Xsﬁhégﬁésr}ltj% Bgﬁ{ﬁs%%g %fg%ﬁzﬁﬁé}% él%g%hWOPQalmf‘gfﬁﬁlrof lilﬂ%%lc%%ef err ed |

enbodi nent I'nclu a base portion 1

opposi ng &@‘F&’@Ed se ond ends 124 and 126, respectlvely Base portlon 122
is adapt Bﬁse 102 and the first and second ends are configured
to extend outmardly fromthe base 102. So configured, tuning nenber 118
maybe suppor t eQripytatiorhe! tening makinthgr 118 snd anichregeomdng masatef 11hs support
menber 120. Additionally, first end 124 is configured to receive and

support ambifited8Geiupb&Y niveiBee 120, 12ascustddafigiriGonk fishh i MEmBaY ntay O
tuning nmenber 118 and the antenna-receiving orifice 11 are appropri atel y

aligned for,fipe derflﬂsdEfﬂat"i‘ﬁ' rﬁ%ura'?% LEGAR i B%réos f%l%e tuh{%gf or ned
o uEEFp T (e EpRPR oo R

of a low di materi a suc as a i Cpr
manf act %é@gaﬁefeﬁz@ B faeereenikE R o e@@dﬁéé’rlat% éﬁ%tru%age. n
~the term"low dielectric material (s)" refers to a material (s) that
) member does not physically contact the antenna-receiving member.
In a preferred embodiment, the support member 120 includes a base portion 122
10 with opposing first and second ends 124 and 126, respectively. Base portion 122 is
adapted to engage base 102 and the first and second ends are configured to extend
outwardly from the base 102. So configured, tuning member 118 may be supported by
the extending first and second ends of the support member 120. Additionally, first end
124 is configured to receive and support antenna-receiving member 112 so that the
15 interior cévity of tuning member 118 and the antenna-receiving orifice 114 are
) appropriately aligned for receiving an antenna. Preferably support member 120 is formed
of a low dielectric material(s), such as a plastic produced by cross-linking polystyrene
with divinylbenzene, e.g., Rexolite® manufactured by C-LEC plastics, Inc., among

others. As utilized herein, the term “low dielectric material(s)” refers.to a material(s) that

20 has a dielectric constant of less than approximately 3.



20 has a dielectric constant of less than approximately 3. 8 1 6 JUL 2004
El ectrical connectivity between the antenna-receiving nenber 112 @ngiyi 2004
conducting plate 104 preferably is facilitated by a conducting trace 128.
As depicted in FIG 1, conducting trace 128 extends outwardly from

ant enna-recei vi ng member 112 and away from base nenber 102, then extends
transverse to a longitudinal axis 134 of the 5 antenna-receiving nenber,
and then extends parallel to the longitudinal axis of the

ant enna- r ecei Viplg:tigiresineali@RObIEenlthd antbinaOfeb&Ving HRQAHFAND Snd Ot her
arrangenments of the conducting trace may be utilized. Additionally, a |oad

resistor 130mgt iﬁg#fa'te (f;dzll &efe?%%%%ﬁ%?eﬁ b‘ﬁ‘/'atc%nhugc‘%m ?:{Lgéé‘? %”{E{Ohéﬁgr gqfind, as

described'n uce the
vol t age standlng wave ratio (VSWR) at the coupler i nput,

i ncr easi ng1¥hb CBUBTIPAFaELEA Fends cutyardly s A ESERENIDE mqﬂﬁ‘é“—rﬂé%and

resistor may provide variable resistance that can be changed manual |y or
el ect ri calawy filbheletse neatber b2 temnexéails oanobrst hea kmgendiaal axdel 34 ofghererber
and test equi pnent (not shown) preferably is facilitated by a suitable RF

connect or a@t@nﬁ@f&@éﬁfng‘ hétdber, ﬁﬂcthe@écten’%ﬂ eCake ﬁ)'ngf%ﬁ)d]ﬁﬁcatx%rof tﬁém n 9
others. A representative RF connector 8 is shown 15 in FIG 2.

provi ded, _the cent.er pi 0 140 onnect my be.el ectrical

Ponnect e PR Ees e Al il %@fm% LS %?Hlm &wﬂﬁaa%%fagoﬂlpfl% Hed by
sol dering, press-fit, conductl ve adhesi ves, he RF connector is
mount ed séhergoaduating tragemay b piilired. e‘i&d@wa@m@e@ aermﬁ%ryﬁéw&%mqaélw |y

_.-c)om'runl cate with the conducting plate 104.
communicates with the conducting trace and, as described in greater detail hereinafter,

may be selected to reduce the voltage standing wave ratio (VSWRY) at the coupler input,

10 while increasing the coupling coefficient. In other embodiments, the load resistor may
provide variable resistance that can be changed manually or electrically.

Electrical interconnection of the antenna-receiving member and test equipment
(not shown) preferably is facilitated by a suitable RF connector or coupler input, such as
an SMA coaxial connector, among others. A representative RF connector 138 is shown
15 in FIG. 2. So provided, the center pin 140 of the RF connector may be electrically
) connected to the antenna-receiving member 112. This may be accomplished by

soldering, press-fit, conductive adhesives, etc.. The RF connector is mounted so that the
outer shield of the connector may electrically communicate with the conducting plate
104.

20 As depicted in FIG. 2, a hand-held wireless RF device, such as mobile phone 110,

preferably engages the coupler 100 as the antenna 130 1s inserted within the antenna-




20 As depicted in FIG 2, a hand-held wireless RF device, such as nobile
phone 110, preferably engages the coupler 100 as the antenna]lﬁQ”js 04
inserted within the antenna 9 1 6 JUL 20D4 receiving nenber 112 an& gp

| east a portion of tuning nmenber 118 (an alternative enbodinment of a
coupler of the present invention, and its associ ated engagenent

nmet hodol ogy with an RF device, will be described hereinafter). So provided,
coupl er 100 enables RF coupling, e.g., backward coupling, of the antenna

130 to thg couRBtmddQa1248d a@l_ebgtiallg)ioﬁﬁﬁil dretfhPmehdder 1 B M JReGismes d coupl i ng”

refers to the Coupling direction Iing 1n the opposite direction of the

i nput sign .descrd bed jn tail hereinafter). eration ration of
e coupl BROSRMIER 11 Sup EeERe Bt G Eap e s P oG IR A n 10 1 Gs. 1
and 2, a preferred enbodi nent of the cougler 100 of the present invention

i s adapt@gthodoleaywife aaRiRgevaesy wilbbe desenbekshareipifia). phopwvided, coupler 486t i ng-
For instance, to facilitate proper engagenent of the phone and the

coupl er, ¢dableh ®dycouplihd)e. o tavkewird coaplirangfthe antchital 30 focthabhgpMra (DR Wze
inserted into the antenna-receiving orifice of the antenna-receiving

memger. | ik felehi Mdterh Pfa @Ju?gnq%" 1‘3&@?&%@90@2&%%&2@ !%Enegjlfn thd'e 15

ant enna-recel vi ng nenber typica ires that t phone
engage (or_be, placed i.n close. proximiy. to tG@ conducting plate 104,
or'929° | onpdeite Brdfifer Besurie AL et e i e SRREE el T B06 and a si de
edge of the phone preferably engages side wall 108, thereby aligning the

antenna with the orifice. Thereafter, the phone may be noved in a
irection substantially parallel to |longitudinal axis 134 of the

aht enna- r@p&harng

Operation of the coupler now will be described in greater detail. As shown in
10 FIGs. 1 and 2, a preferred embodiment of the coupler 100 of the present invention is
adapted to engage an RF device, such as mobile phone 110, for testing. For iﬁstance, to
facilitate proper engagement of the phone and the coupler, the body of the phone is
arranged so that the antenna may be inserted into the antenna-receiving orifice of the
antenna-receiving member. In this regard, the preferred ring-shaped configuration of the
15 antenna-receiving member typically requires that the body of the phone engage (or be
.,-) placed in close proximity to) the conducting plate 104, e.g., the back or underside of the
phone engages base wall 106 and a side edge of the phone preferably engages side wall
108, thereby aligning the antenna with the orifice. Thereafter, the phone may be moved
in a direction substantially parallel to longitudinal axis 134 of the antenna-receiving
20 member, thereby allowing the antenna to appropriately seat within the orifice. Once so

positioned, the phone is ready for testing and/or calibration. As desired, the coupler and
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20 nmenber, thereby allowi ng the antenna to appropriately seat within the
orifice. Once so positioned, the phone is ready for testing andf
calibration. As desired, the coupler and 10 1 6 J UL 2004 its asSoéPLt@y4
RF device may be arranged within a shielded netallic enclosure for
protecting nmeasurenents from a noi sy surroundi ng environnment. Testing and
calibration of an RF device, particularly in a manufacturing environnent,
typically includes tuning of the receiver(s) and/or transmtter(s) of the

5 devi ce. ilshisiddlased RBdEEce i be LA vathid Hehipldes fRtalidMRNdsuRfofmy be
electrically interconnected with test equipment (described hereinbefore)

and si gnaly §otga}h§qnéa@ht%ﬁ1teﬁg frR L Blsy SEROARLELAIBMERS B Cev o8 ot

i nstance, "during receirver tu nay be provided to the
coupler fromthe test e ment, G.ven a knomn coupling loss for the
ahbh

coupl er and RF &g Hom af uRE deyige.papticuiAsly ThamImS BB uned or
calibrated to a 10 desired setting. In contrast, during transmtter

t uni ng, aekvicvamenpuppically iholsdesf toning rmét}mcmq;ﬂiw(s}mmdlﬁﬁrmmin@(sa ofifiegur at i on
is applied to a signal received fromthe RF device via the coupler and

t ests equi AEREBE. - NBARSEsHD AR EP1drVF BleVifbhefii ﬂaéﬂuontlﬂ@ﬁerﬁac&mmyer may then
be tuned or callbrated to a desired setting. As is nomn varlous nmet hods

maybe util ]{tér%grﬁe%d ot aeEE' Hhﬂyg}) @Lérﬁ:%dlh%seﬁlb% or%)kag %{ube mePerl er

and RF device con anceée a
rises a body of_ the device,  including the

3;/: Léegnm ﬁge?} £ plﬂﬁ%ﬁ@le@)é@w Kor ipstamnog<liring resefviel finjiea 8 ke siggalgnal
tection equi pnment. So configured, a signal nay be provided fromthe test
equi pnment may be peovidaddbdhe comiptdn fiolnethe test equipment. Given a known coupling loss for
the coupler and RF device configuration, the receiver may then be tuned or calibrated to a
10 desired setting. In contrast, during transmitter tuning, a known coupling loss for the
coupler and RF device configuration is applied to a signal received from the RF device
via the coupler and test equipment. Based upon the received signal, the transmitter may
then be tuned or calibrated to a desired setting.
As 1s known, various methods may be utilized for determining coupling loss of a
15 particular coupler and RF device configuration. For instance, a “hacked” RF device may
) be utilized which typically comprises a body of the device, including the device antenna,
with the receiver of the device being bypassed to signal detection equipment. So
configured, a signal may be provided from the test equipment to the coupler, with the
coupled signal then being provided from the device antenna to the signal detection

20 equipment for analysis. Thus, by analyzing the signal received by the signal detection

equipment, a value for coupling loss may be established.

11




éoupled signal then being provided fromthe device antenna to the signa
detection 20 equi pnent for analysis. Thus, by analyzing the signal received

by the signal detection equipnment, a val ue for coupling | osq @
established. 11 16 JUL 20604 Theory of Operation Theory of operation o? t he
coupler now will be described in greater detail. Depicted schematically in

FIG 3, antenna 13 0 of phone 110 has been inserted within

ant enna-recei ving nmenber 112 and tuning nmenber 118 as descri bed

her ci nbef onger NI @ePatidaat conducting plate 104 and antennal -receiving
menber 112 are configured as arns of an antenna. More specifically,

el ectrical pat are ded 80, S| ner. I 14 conducti ng
ol ate 108 and TREnGTRAEERE PRCEPAR TR oS fRER Rt enen i hemper - s
depicted in FIG 3, resistor Rs and signal generator 140 are |ntended to
denot e t edtcpicierlschammaticalixpn FK. % auf@nmag finbeng h)Llasibegn inssitefhwithinnt o

and/ or extracting a signal fromthe 10 couplerl OO  Conductive trace, 128
and | oad methsi-orceildfE membereld2and mirdng sxembemt i8caldeyeribed hessitefae. Rdte whi ch
electrically communicates with the antenna-receiving nenber. Additionally,

RL genot gt Ebﬁddcﬁﬁ%giaté/ﬁ)zﬂ eeﬁqm&frmmﬁeca’@ﬁ@%néﬁbérhq%ré Eorfflgfiedds ati€o£OUp! er

100 and the phone 1 or device under test do not “share a conmon

gr ound. In arder t i f the co

Peasonabl Jn Sati R PRpnspbiRerE Epdl Bwt,’eﬁ sliriee cizpaEiet 140
conductlngﬁilate .104 via a capacjtor (not shown). As is known, the size
and pl aced@heonsiuctingplaisiddcandife sisnal generatpr pad heesiennas seoehang mimber.
capacitance is large. Therefore, one nay assune that the

) As depicted in FIG. 3, resistor Rg and signal generator 140 are intended to denote test

equipment, which is utilized for injecting a signal into and/or extracting a signal from the

10 coupler 100. Conductive trace: 1 28 and load resistor 136 are represented schematically by
resistor Ry, which electrically communicates with the antenna-receiving member.
Additionally, Ry denotes the resistive load of the phone.

As shown in FIG. 3, the coupler 100 and the phone 110 or device under test

(DUT) do not share a common ground. In order to simplify analysis of the coupling, it

15 may be reasonably assumed that the DUT is electrically connected to the conducting plate

} 104 via a capacitor (not shown). As is known, the size and placement of the conducting

plate may be chosen so that the capacitance is large. Therefore, one may assume that the
DUT and the conductive plate are at the same electrical potential. Thus, the coupler then
can be represented by a four-port network, such as the network depicted in FIG. 4. It

20 shouid be noted that in FIG. 4, a; is the injected signal, by is the reflected signal, and b; is

the received signal, i.e., the signal received by the test equipment. In other embodiments,

12




DUT and the conductive plate are at the same el ectrical potential Thus,

the coupler then can be represented by a four-port network, C as th
network depicted in FIG 4. It 20 should be noted that in FIG. 4% he
injected signal, bl is the reflected signal, and b2 is the recelved
signal, i.e., the signal received by the test equipnent. |In other

enbodi nents, 12 16 JUL 2004 it may be desirable to have the DUT in
physi cal, electrical contact with the conducting plate 104. In such an

enbodi mentt mayhe desipdtd toaage theddJT iR ehysidal, tldcgical fordddt witihe Bedustigd €
termnated wth matched | oads ZO, the coupler can be deconposed to even
and odd %Sl 04Tﬂfﬁlcﬂtaﬁr 'dﬂﬂerR et}lg\@zﬁﬁf;ft&%e %h&@ﬁdﬁﬁnhg duces the 5

coupling et'ween ransn133|o I nes i near conbi nati on of

t hese nodes w et erm ne the coypl.ing coef i.ent and mat chi ng properties
of the coupl erffa‘lgomé’\?étﬁaFF&H’é’nmatﬁgte‘Hﬂ‘trg%fﬁ%‘iﬁlg § shlelcﬁ%le’éﬁ""é‘q%ft t he same

potential, and are both driven fromthe same source against the ground. In
odd- mode, deachmposed th prasandragdanodesn Theintghctphdstvagahatro medehindudeethe but
wi t h equal magni tude. The even and odd nodes have different 10

chag act erdosplifig béresiaime &o td8aRIS6n Afies/ FhediarkdmbikfPRSFthase kr)bdeﬁwgﬁn be
shown (Naj esh Mngia, Inder Bahl, and Prakash Bhartia, "RF and

M cr Omvede%?i%eet k i gﬂlic &Rt an ‘[ﬂtcﬁﬁg pr&ﬁﬂﬁ% 'of ﬁ?e c%)uple?.zlﬂ é(v%}lrﬁ% o a
-11 - +sin

= 32, -

both transmissions lines are at the same potential, and are both driven from the same
) source against the ground. In odd-mode, the two lines are driven out of phase against
cach other, but with equal magnitude. The even and odd modes have different
10 characteristic impedances, denoted as Zy, and Zy, respectively. It can be shown (Najesh
Mongta, Inder Bahl, and Prakash Bhartia, “RF and Microwave Coupled-line Circuits”,

Artech House, 1999):

a=S, :ﬁ _ jksin@
@ 1-k”cosd + jsind 0
b, N ’

f=8,="t= : —
a, \/lmk cos@ + jsind

)
where
15 — ZOe —ZOa , (2)
ZOe + ZOo

and @1is the electrical length of the coupled section (if the coupled section is a quarter of a

wavelength long, 8=90°). The network matrix for the 4-port network is:

13



(1~ P =S"t - b4 M- k 2 a, k2 cosO + isinO where k = ZO, _Zo~ 1zo. + z0"
(2) and O is the electrical Iength of the coupled section (if the Cﬁgglgﬁ;
section is a quarter of a wavelength long, 0=90"). The network napr' f ot
the 4-port network is: 13 1 6 JUL 2004 10 b,0 a 0 /3a, b2a 0 /3 0a2 (3) b30
a 0/3a3 b.a0/3 0a4 In the coupler design shown in FIG 4, not all ports
are termnated with matched loads. If ports | and 2 are matched, and ports
3 and 4 have reflection coefficient of p3 and p4 respectively, az =0 a3

P3b3 b 0 a 0 pfla
b a 0 Ofla
b e 0 8 0fa) ®
3 a 0 fla,
b, a 0 B Ofa,
In the coupler design shown in FIG. 4, not all ports are terminated with matched loads. If
ports 1 and 2 are matched, and ports 3 and 4 have reflection coefficient of p; and p,
respectively,
._ a,=0
}s a, = pib, . “)
a, = p,b,
Then, from (3) and (4),
b = pp,b,
b, f aa, + fp,b, . (5)
b, = pp.b,
b, = aa, + fpsb,
Solving from (5), we get:
b
oA ©)
| a l-a'pp,
1 . 2 p?
10 T=—b—2—=a p3p4§a B°) (7)
a -« 3P4
b 2
pu=telfo| ®
a, l-a'pp,

P, 1s the reflection coefficient see from the coupler input (port 1), and 7'is the transfer

function, or the coupling coefficient to port 2. VSWR of port 1 is

14



a4 = P4b4 (4) Then, from(3) and (4), b, = QP4b4 b2 = aa, y+ |p3b3 b3 =
~P4b4 b4 = aal + /-'P3b3 Solving from(5), we get: b4 P al 1- |d42PBR4 20%)
(6) T= z =al-P3P4(a2 _/32) L' al '-a 2 P3P4 (7) Pill = b 02P4 = al 1-
azp3P4 (8) pinis the reflection coefficient see fromthe coupler input
(port 1), and Tis the transfer function, or the coupling coefficient to

port 2. VSWR of port 1 is

1+

pfn

- ®
)O in I

VSWR =

We can now look at thé coupler design with some numerical examples, and how different
parameters influence the VSWR and coupling coefficient. Note that £ 15 the coupling
factor when all four ports are matched. The value of k is dependent on the physical layouf

5 of the transmission lines (line thickness, separation between the two, distance to the
ground plane etc...).

9 As 1s evident from the following examples, the ferrite (or other tuning material) of
tuning member 118 tends to de-tune a high Q resonance in the coupling coefficient which
forms between the antenna of the DUT and the coupler. In many devices, e.g., cellular

10 phones, this resonance normally occurs at approximately 850 MHz. The tuning member
also prc‘wides the benefit of absorbing excess energy present on the antenna that otherwise
would radiate. This tends to provide a coupler that is relaﬁvely msensitive to minor
variances in phone placement, thereby producing more repeatable coupling. Thus, the RF

tuning member may, in some embodiments, perform the dual functions of tuning and

115 damping.

Example 1

The setup is shown in FIG. 4 assuming & = -5 dB. Port 3 is open, and Port 4 is

matched (o, =1, and p, =0). The VSWR at Port 1 and the coupling coefficients

20 between Ports 1 and 2 are shown in FIGs. 5 and 6.
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14 1 6 JUL 204 VSWR =1 + Iph,I 1- Ipjn | (9) W can now | ook at the
coupl er design with some nunerical exanples, and how different { parfnetddss
i nfluence the VSWR and coupling coefficient. Note that k is the coupling
factor when all four ports are matched. The value of k is dependent on the
physical |ayout 5 of the transm ssion lines (line thickness, separation
between the two, distance to the ground plane etc...). As is evident from
the foll owi ng exanples, the ferrite (or other tuning material) of tuning
menber 11Bxdmepidd to de-tune a high Q resonance in the coupling coefficient
which fornms between the antenna of the DUT and the coupler. In many

devices, e.g., : r]1#’11 , I.S: I asor cecurs at

appr oxi mat el y g@%gek*ﬁzlgs e Pﬂﬁgﬁ% Q%E%@lﬂg%?%%@?gggédhép%ggéﬁ?ptenbf
absor bi ng excess. energy present on the antenna that otherwi se would

radi at e. 3ﬂ4iPs°r't‘é’r‘fd§mi18at5$ Hithae 33 dupresistati gy =ils apdpatiOd )y Thedeh¥Riatve to
m nor variances in phone placenent, thereby produci ng nore repeatable

coupl i ng. PokYignd B8R ofBling! dHRHRGIERRGEBotts 1l hdSOIPE sREPPH FRIY §an@§r fOr m the
dual functions of tuning and ) 15 danping. Exanple | The setup 1's shown in

FI 4 assumng k = -5 dB. Port 3 is open, and Port 4 is matched (p3 = 1,
and"p4 = 0). The VSWR at Port 1 and the coupling coefficients

Example 3

The setup is shown in Figure 9 assuming £ = -5 dB. Port 1 is 500, Port 3 is open,

and Port 4 is terminated with a 450 ohm resistor (p, =1, and p, = 0.8). The VSWR at

Port 1 and the coupling coefficients between Ports 1 and 2 are shown in FIGs. 9 and 10.

10

Additionally, FIGs. 11 and 12 show measured performance of an actual coupler
produced in accordance the representative embodiment depicted in FIG. 1.
Measurements were taken utilizing a vector network analyzer (Agilent 8753ES
manufactured by Agilent Technologics).

15 FIG. 13 shows measured frequency response of three couplers: trace 150
corresponds to the actual coupler produced in accordance the representative embodiment
depicted in FIG. 1; trace 152 corresponds to an Agilent Triaxial, manufactured by Agilent
Technologies; and trace 154 corresponds to an E6392-60002 coupler, manufactured by
Agilent Technologies. As shown therein, a high Q resonance in the coupling coefficient

20 is not evident in trace 150, e.g., the resonance has been de-tuned and/or damped as

compared to the other traces. Therefore, the present invention tends to provide a coupler
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20 between Ports 1 and 2 are shown in FIGs. 5 and 6. 15 1 6 JUL 2004

Exanpl e 2 The setup is shown in Figure 9 assuning k = -5 dB. Por® 6L jiH 2004
5052, Port 3 is open, and Port 4 is termnated with a 83.33 ohmresistor
(p3 =1, and p4 = 0.25). The VSWR at Port 1 and the coupling coefficients
between Ports 1 and 2 are shown in FIGs. 7 and 8. 5 Exanple 3 The setup is
shown in Figure 9 assumng k = -5 dB. Port 1 is 5052, Port 3 is open, and
Port 4 is terminated with a 450 ohmresistor (p3= 1, and p4 = 0.8). The
VSWR at thRetris rdataredly inkensttvepd imigplaeafehi, eiggmhisalipiwaeof tRe ahienda amdhe ar e
shown in FIGs. 9 and 10. 10 Additionally, FIGs. 11 and 12 show neasured

per f or mangRpRE. AR iAGIMNA, sIEAUBhEvinPHAPMGRGd ﬁs@%@@){ gﬁﬂ;ﬁ%&%i??.l representative

enbodi nent depicted in FIG 1. Measurenents izing a ve;:t or
network anal yz Agi |l ent 8753FE f cture{li by Agilent Technol ogies). 15
FIG 13 shows %ﬁ%ﬁ%@gﬁﬁo&] B%W@% Foewoﬂgé" Hgh fﬁ’r‘%%a g%‘ﬁfﬁ’é‘iag?’e g %@R’ESO _
corresponds to the actual_ coupler produced in accordance the representative
enmbodi merfibagipent f the seuplersl 00 of the gresentspvention.c 4p sheven irdFlah 1Agtht ent
Triaxial, manufactured by Agilent Technologies; and trace 154 corresponds
to &an E6398pked00Poftbe ptesent imantibiaaiay iedriyrate Agiopenétrubagbn®egi es. As shown
therein, a high Q resonance in the coupling coefficient
specifically, the embodiment depicted in FIG. 14 includes an antenna-receiving member
112 and a tuning member 118 that are configured to receive an antenna without having to
f. ) insert such an antenna into those members via an orifice or cavity. In this regard, such as
depicted in FIG. 15, an RF device, such as a mobile phone, for example, may engage the
10 coupler by appropriately aligning the device and then placing at least a portion of the
antenna 130 in close proximity to the tuning member as well as the antenna-receiving
member 112,
Referring once again to FIG. 14, the coupler depicted therein includes a base 102
that 1s adapted to engage a support member 120 as well as a PCB 160. In this
15 embodiment, PCB 160 includes the following components: planar portion 170 (part of
) antenna-receiving member 112), trace 128, conducting plate 104, and solder vias 164 and
166. PCB 160 may serve as a mounting platform for various components of the coupler,
including side wall 174 (part of antenna-receiving member 112), load resistor 136, and,
optionally, faceplate 162. In order to protect the various components of PCB 160, a

20 faceplate or cover 162 may be utilized which is adapted to cover and protect at least some

of the components, e.g., components which may be worn due to engagement with the
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20 is not evident in trace 150, e.g., the resonance has been dq-@un@ﬁ _
and/ or danped as conpared to the other traces. Therefore, the'p é% tzﬁﬁ4
invention tends to provide a coupler 16 I S JUL 204 that is relatively
insensitive to msplacenent, e.g., msalignnment of the antenna and the
coupler. As is known, such sensitivity may shift the frequency of a
coupling. Reference will now be nade to FIG 14 which depicts a
representative alternative enbodinment of the coupler 100 of the present

i nvent i onbod\soSHORR devick | Ssuitéble RFQobndei#FhétIshdfR) Mefekdty BiQgeNthe i Nventi on

may incorporate an open structure. More specifically, the enbodi nent
depicted i . I S - I ecel Vi r ; nd a tuning
menber 11@9?%%1& 3%@@32;\?#) i%gﬁlr%%p(fp%ﬁ?e cel (\)/I{es Oﬁh%wg%%%?teﬁgéﬁgﬁgvi ng to
insert such an antenna_.into those. nenbers via an orjfice or cavity. In this
regard, sGRAMABICAHRGVERSRENPR-faceivInggneyberin 2guich @ viagglder g 1&%%’?/ | e phone,
for exanple, may engage the 10 coupl er by appropriately aligning the device
and then pbmivcig plate edssuch apwiithisohlepfiatléé. ant enna 130 in close proximty
to the tuning nenber as well as the antenna-receiving mnenber 112.

Ref @rring oncefp@aicthbolinnEdepidted IEIG: QUPERD1H 0D icAflic BEhdbiha RELIVEES a
base 102 that is adapted to engage a support nenmber 120 as well as a PCB

160. In thi i men P 0.i.ncl udes the | owk compaonent s:
ol anar " poEgRT L EORAEPRbteceE b Mg oG miy O A S SRR
conducting plate 104, and solder vias 164 and  166. PCB 160 may serve as a
mount i ng %aaﬁd o ¢radls poition; lygsandongidswak d 7o Profgallypiaear menpheg IléQﬂSng si de
;W?II 174 (part of antenna-receiving nenber 112), |oad resistor 136, and,

: formed as a portion of the PCB with the cradle member 172 and side wall 174 being

mechanically affixed thereto in any conventional manner. Much like the side wall 108

10 depicted in FIG. 1, side wall 174 of the antenna-receiving member depicted in FIG. 14 is
adapted to facilitate ready alignment of an RF device for appropriately positioning the
antenna to be received by the cradle portion 172 and the tuning member 118. In this
regard, tuning member 118 preferably is configured as a segment of a cylinder although
various other shapes may be utilized provided that an antenna may be received by the

15 tuning member preferably by downwardly directing the antenna into the concavity

) defined by the tuning member. So configured, the coupler 100 depicted in FIG. 14 is

readily adapted to receive an RF device, such as by appropriately aligning the device
above tuning member 1i8 and antenna receiving member 112, and then urging the device
downvs}ardly until at least a portion of the body of the device engages a portion of base

20 102, e.g., cover 162, as depicted schematically in FIG. 15. Once so positioned, the
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optionally, faceplate 162. In order to protect the various conponents of
PCB 160, a 20 faceplate or cover 162 may be utilized which ﬂsgag@ﬁt ;to
cover and protect at |east sone of the conponents, e.g., conponehts - which
may be wom due to engagenent with the 17 3 6 JUL 2004 body of an RF
device. A suitable RF connector (not shown) preferably engages the
undersi de of PCB 160 with appropriate portions of the RF connector

el ectrically conmmunicating with antenna-receiving nmenber 112, such as via
sol der vi antiih, ofaheldevéardhoald begipptoptiateOdignsdifdatps ttHeNusiak efmber and 66. 5
In the enbodi ment depicted in FIG 14, coupler 100 includes an

ant enna- I geeinWnig recBRMEherhb, L hat incorporates a substantially planar
portion 170, a substantially arcuate- shaped or cradle portion 172, and a

side wall 174..Preferabl | anar nber 170 is fornmed, ,as a_portjon of the
PcB i th t e PR TRESHaRB RS G PERUaOmiad fo7aBeing! I etnien € |y
affixed thereto in any conventional manner. Mich |ike the side wall 108 10
depi ct ed fescmptaon. 1t isgiof intepsiefl td bejexdfaustive cuite bmitdhe mwyentiantg thepseise depi ct ed
in FIG 14 is adapted to facilitate ready alignnment of an RF device for

appsopr i afopiny dfzolkéd. Avodigichiichs orRhGdbAs bife foRsibRAR LiRICh MNe iieGéaEings POr tion
172 and the tuning nmenber 118. In this regard, tuning nenber 8

11

pref er abl ¥,d s, LW, : 0 I h .. various other
Chapes. o per o S AR hoRe, BBl OSHERGRIT Ve 15
tuni ng nenber, prefe ly b wnwar dl.y directing the antenna into the
concavi t yPrOG8F BW:%ES{)@%'P%@‘%LH% :gl?f'gpl?ﬁﬂiﬂé‘r ‘?f té%mé’ﬁlﬁ InEldes pragiisakappleation; 00
depicted in FIG 14 is readily adapted to receive an RF device, such as by

propri épéh@re’t@[ ¢r@hler;g1etqfﬁ erddeary gkill in the art to utilize the invention in various

embodiments and with various modifications as are suited to the particular use
10 contemplated. All such modifications and variations, are within the scope of the

invention as determined by the appended claims when interpreted in accordance with the

breadth to which they are fairly and legally entitled.
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above. tuning nmenber 118 and antenna receiving nenber 112, and then urging
the device downwardly until at |least a portion of the body of f{lge Jd¢vok
engages a portion of base 20 102, e.g., cover 162, as depicted
schematically in FIG 15. Once so positioned, the 18 1 B JUL 2001 antenna
of the device should be appropriately aligned relative to the tuning nenber
and the antenna receiving nenber. The foregoing description has been
presented for purposes of illustration and description. It is not intended
to be exhaustive or to limt the invention to the precise 5 forns

di scl osed. Modifications or variatiopg gk possible in light of the above
teachi ngs. The enbodi nent or enbodi nents di scussed, however, were chosen

and described to provide the best illustration of the principles of the
invention and its practical application to thereby enable one of ordinary
skill in the art to utilize the invention in various enbodinments and with

vari ous mbdi f i A=vpismsiopteshnga smdie Benueacy ) sarice.dhe BF dgsise havisgatedyl at ed.
Al'l such nodifications and variations, are within the scope of the

i nvent i onambardetiamaj the dnteynd heingppeipded to paiprgatelas RE sigred, Rkl eteinn
accordance with the breadth to which they are fairly and legally entitled.
19 o JUL GhAl M5 1. A systemfor testing a radio frequency (RF) device,
the RF device having a body and an antenna, the antenna bei ng confi gured

to propagate ap co%'fﬂesrlc Qﬁlgﬂreg f gcﬁ%eﬁé (e:(gplpling between an RF signal and an RF

device, said coupler comprising:
a conducting member having a base wall, said base wall being configured
to engage a portion of the body of the RF device;
an antepna-receiving member configured to receive at least a portion of the
10 antenna; and
a tuning member configured to receive at least a portion of the antenna
therein, said tuning member being aligned with said antenna-receiving member
such that at least a first portion of the antenna is receivable by said antenna-
receiving member and at least a second portion of the antenna 1s receivable by
15 said tuning member;
wherein resonance in a coupling coefficient of an RF signal injected into
said coupler via said antenna-receiving member and said conducting member is

tuned by said tuning member.
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conprising: 5 a coupler configured to facilitate coupling between an RF
signal and an RF device, said coupler conprising: a conducting penber
having a base wall, said base wall being configured to engage aapéwliﬁm%of
t he body of the RF device; an antenna-receiving nmenber configured to
receive at least a portion of the 10 antenna; and a tuning nenber
configured to receive at least a portion of the antenna therein, said
tuni ng nmenber being aligned with said antenna-receiving nmenber such that
at least a first portion of the antenna is receivable by said antenna-
recei vi ng 2renberheasystent oflchast 1, avieado g RIOSipha s @i ectdddn amreri@clisn, heg gl vabl e
by 15 said tuning nenber; wherein resonance in a coupling coefficient of
an RF si i i : SA ik ' i viyng menber
INBliplekRAhEDrie d?ldljrg% ?11&19%9%:‘3 Rfyélgna?l # &aﬂ&e@%ﬁ&é?{r gggdoﬁi 9

and sai d conducti'ng nmenpber uned by sard tuning ne 6 JUL 2004
2. The sysiem.of .claim.l, wherein the RF signal is injected in a first
directi on,dtlrgﬁtbmhthec@rﬁg%h ‘%?nngﬁlé‘g SEW?‘@?E}SHB?%&G f‘bﬁ?ﬁ angjduesteRn- RE signal i s
characterized by a second direction, the first direction being
substantially opposite to the second direction. j 3. The systemof claim]1,

wherein a resistive load is electrically coupl ed between
3. The system of claim 1, wherein a resistive load is electrically coupled between

5  said antenna-receiving member and said conducting member, said resistive load being

configured to increase the coupling coefficient.

—

4, The system of claim 1, wherein said antenna-receiving defines an oriftce and said
tuning member defines a cavity, satd orifice being configured to receive at least a portion
of the antenna therethrough, said cavity being configured to receive at least a portion of

10 the antenma therein.

5. The system of claim 1, wherein a resistive load is electrically coupled between
said antenna-receiving member and said conducting member, said resistive load being

configured to reduce a voltage standing wave ratio (VSWR) of said coupler.
6. The system of claim 1, wherein tuning of the resonance in the coupling coefficient

15 of the RF signal is further defined as damping the resonance in the coupling coefficient of

the RF signal by said tuning member.'
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5 said antenna-receiving nenber and said conducting nenber, said resistive
| oad being configured to increase the coupling coefficient. ﬁ. The system
of claim1, wherein said antenna-receiving defines an orifice tabdJdhi 204
tuni ng menber defines a cavity, said orifice being configured to receive at
| east a portion of the antenna therethrough, said cavity being configured
to receive at |least a portion of 10 the antenna therein. 5. The system of
claim1l1l, wherein a resistive load is electrically coupled between said

ant enna-recei ving nenber and said conducting nenber, said resistive |oad

bei ng corfi gumed systerh @€bkem 3, felheA&infiisadi ng wave ratio (VSWR) of said
coupler. 6. The systemof claim 1, wherein tuning of the resonance in the

coupling coeffigi . s RE S| . 1s.further defi.ned. as .danping the
resonance in t‘%{%@@%P%ﬁﬁﬂ%gégﬁ?Sggﬁwgg%hnéH@'ﬁEd§P5%%$SE§%§%FﬂﬂPﬂ%ﬁng
menber. 21 1 6 JUL 2004, 7. The systemaof claim1, further conprising; test
equi prrent PengseRfiguued tp detrming 2 eltarasteriniie AT baRE 981l er, said test equi pnent
bei ng configured to determ ne a characteristic of the RF signal. 8. The

systemof claim1, further conprising: 5 means for supporting said tuning
menber. 9. The systemof claim1, wherein tuning nenber is formed of

ferrite. $0. Tirge 5y8dn®BT Slhing h 2fubthdr coMiRfsRigh ant enna-receiving nmenber is
formed of brass. 11. The systemof claim JI.g wherein said conductive nenber

has a gide wal |, 58id sfﬂp%ﬁing said tuning member.

)

9. The system of claim 1, wherein tunming member is formed of ferrite.
10.  The system of claim 1, wherein antenna-receiving member is formed of brass.

11.  The system of claim 1, wherein said conductive member has a side wall, said side
wall extending outwardly from said base wall such that said base wall and said side wall

10 form an I-shaped configuration, and wherein engagement of the RF device with said side
wall tends to align the antenna with said antenna-receiving member and said tuning

member,

12. The system of claim 4, wherein said antenna-receiving member has a proximal
end with a contoured periphery, at least a portion of said contoured periphery being
15 configured to engage the RF device such that the antenna of the RF device is substantially

completely insertable within said antenna-receiving orifice.
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wal | extending outwardly fromsaid base wall such that said base walt and
said side wall 10 form an L-shaped configuration, and mhereinhgnaﬁgenent
of the RF device with said side wall tends to align the anten hZ8li d
ant enna-recei ving nmenber and said tuning nenber. 12 The system of claim4,
wherein said antenna-receiving nenber has a proximal end wth a contoured
peri phery, at l|least a portion of said contoured periphery being 15
configured to engage the RF device such that the antenna of the RF device
is substantially conpletely insertable within said antenna-receiving

orifice. 23.1 @hé skbtémPOkin 3, whbeibysd RAInimehedrthdagewh @010 Bahbed Ui ng
menber engages a support nenber, said support nenber being configured to

al i gn sai d,; ~ VA3 if i s j avit-y. of .sajid-tuyni.ng
rember 14 CHERbabe Yol @il cdto il ilenf Lo TREidHATY, o,
engagi ng electrically. engagi ng said coupler, said RF connector being

conf i gure&a‘ﬁé’%ﬂséﬁa&f\z‘&g“geﬁ'gqeé connector having a pin and an exterior
shield, said pin electrically engaging said antenna-receiving nmenber, said
exterior shield electrically engaging said conducting plane. 15. The
system of claim®6, wherein said danping occurs at a frequency of 10

appr oxi matlél y §he spdtin ol Blaind Befisist @mpfsiryh ai m 6, wherein said support
menber engages sai d antenna- receiving nmenber such that said support nenber

maintagns a spagRE &%&?&%%m@ r:leét?iicglly engaging said coupler, said RF connector

) being configured as a coaxial cable connector having a pin and an exterior shield, said pin
electrically engaging said antenna-receiving member, said exterior shield electrically

engaging said conducting plane.

15.  The system of claim 6, wherein said damping occurs at a frequency of

10 approximately 850 MHz.

16.  The system of claim 6, wherein said support member engages said antenna-
receiving member such that said support member maintains a spaced arrangement of said

antenna-receiving member and said conducting plane.
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ant enna-recei ving nenber and said conducting plane. 23 1 6 JUL 2004 17. A
nmet hod for coupling an RF signal between an RF device and test equi pnent,
the RF device having a body and an antenna, the antenna bei ngl §ogUiLg@ftd to
propagate the RF signal, said nethod conprising the steps of. providing an
RF device; 5 at least partially surrounding a first portion of the antenna
of the RF device with a tuning material; coupling an RF signal to a second
portion of the antenna, the second portion of the antenna being disposed
between the first portion and the RF device body. 18. The nethod of claim

17, wher eiln. t he sgb@pd Gr aphhd HORBG R tehgedl ant RF deies aiittestEuipiehi, on of
the antenna conprises the step of. injecting the RF signal in a first

dir ecti onyauehLhgl nd i zgfy?ef@) £ ahlaf2ha, EOLIEAMHNDlGubBS pibEgIEd R

. . e .
signal is characteri secon Irection, t irs ir bei ng

substanti gl l.y_ opposite tqQ the second direction. 19. The nethod of claim17,
wher ei n rg?&%%ﬁg&ﬁifﬁu m@%ﬂﬂl@ﬁ’@“%éﬁ?%‘?@rﬁﬁ of the 15 injected RF signal is

danped by the tuning material. 24 1 6 JUL 2M 20. The method of claim 18,
wherei n the stppvaling a BEtdemget he RF si gnal conprises the step of:

5 at least partially surrounding a first portion of the antenna of the RF device with a
tuning material;
coupling an RF signal to a second portion of the antenna, the second portion of the

antenna being disposed between the first portion and the RF device body.

18.  The method of claim 17, wherein the step of coupling an RF signal to a second
10 portion of the antenna comprises the step of:
injecting the RF signal in a first direction such that the coupled signal
corresponding to the injected RF signal is characterized by a second direction, the first

direction being substantially opposite to the second direction.

'19.  The method of claim 17, wherein resonance int a coupling coefficient of the

15  injected RF signal is damped by the tuning material.
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injecting the RF signal wth test equipnent; determning a characteristic
of the coupled signal; and 5 tuning the RF device based upon the
characteristic of the coupled signal. 25 1 6 JUL 2904 5 ABSTWJ@E e

DI SCLOSURE OVER- THE- Al R COUPLER FOR RF DEVI CE TESTI NG A preferred nethod
for coupling an RF signal between an RF device (110) and test equi pnent

i ncludes the steps of. (1) providing an RF device; (2) at |least partially
surrounding a first portion of the antenna (130) of the RF device with a
tuning material; and (3) coupling an RF signal to a second portion of the
antenna, e sThon@thbd ofelimhas, wherehahabicp bnijdehs thelk B piRasItoRpivEaRet he
first portion and the RF device body. Systens and devices al so are
provided. Eigpre 2 15 26

injecting the RF signal with test equipment;
determining a characteristic of the coupled signal; and

5 tuning the RY device based upon the characteristic of the coupled signal.

25





