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BACKGROUND OF THE | NVENTION 5 FI'ELD OF/ “THE | NVENTI ON The pr esehi Uqumnlon
generally relates to RF devices and, nDTe specifically, to systens and
met hods for testing RF devices, such as nobi | e phones, anong ot hers.
DESCRI PTI ON OF THE RELATED ART 10 The proliferation of RF devices and, in
particul ar, w reless hand-held RF devices, such as nobile phones,
hand- hel d I nternet appliances, etc., has pronpted t he need for
manuf acturers to be able to reliably test these devices. Currently,
production testing and calibration of nobile phones, for exanple,

oftentinmes i s conduct ] ys y referred
to as "gal vanic connﬂg&&m#é@iﬁﬁgﬁﬁe@ﬁé&wm phones.
Many such gal vani ¢ connectors act as nechanical swi tches which tenporarily
di sconnect the antenna of a phone when testing equipnment is coupled to the
phone via the gal vanic connector. As the gal vanic connectors typically only
are utilized for manufact ur BACKGROUND ¥ THEINVENIAONjal vani ¢ connectors
add to the production cost of the phones while providing little to no

other henefits to the end users mELHOOF TAEBSVERPI@NI tional Iy, gal vanic
connectors may fail to electrically reconnect the phone antenna to the

phone after testifg |8 GPMRbRIcH benbrafly rel SR RF Getl @ BATAbIABENALAR) 19 1

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

DESCRIPTION OF THE RELATED ART

10 The proliferatidn 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 d?vices. 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 agt 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 typically 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 Additionally, galvanic connectors may fail to electrically reconnect the phone

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



equi pment has beer di sengaged fromthe gal vani c connector. Thus, it is
possible that a particular phone may pass a manufacturer's testing and

cal i bration procedures and yet fail to function properly for the end user,
as the antenna may renmain di sconnected fromthe phone after conpletion of
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
toradio fr BupRt ﬁ&eﬁﬁagﬁgggged ﬁ-&n%@%alird?ﬁ@é’érhb&ﬁf. fhust R i %‘o%”si'bi@th@tfa RF

devi ces, suc s nobile p anong others. In this regard, a preferred

enbodi nent of .1 h esent inventio ,he.construed as praoviding.a stem
For test i ng papeaer BAGRERRY RAFE R Biarlpotipers Vnt bl cliafion robodtostihy S B
antenna, with _the antenna being configured to propagate _an RF signal. The
preferred syafungtiomproppdy for dhae epduser, pethegatcanpa rr@ywnmgeﬁce@lqc@dféml thet at e
15 coupling between an RF signal and the RF device. The coupler includes a
conduct i ng phembafter ebmpletiohaftestimd.| that is configured to engage a portion
of the body of the RF device, and an antenna-receiving nmenber that is

configured to reqpeNford]tht@d$h nded¥Bf inyRBvad testipesyateind ARd meAtds Wige! |y, a
tuning nmenber is provided that is configured to feceive at |east a portion

of the ante i r%gi{ 3 Q\Ltff(ﬁllt ' menber is aligned with the
20 ant enna- 9@%3%%%%3%% ee?fss%n PRATESS A eeéﬁrr}gt'fi rst portion of the antenna
IS receivable by the antenna-receiving nenber and at | east a second
portion of the antenna is receivable 2

SUMMARY OF THE INVENTION
Briefly described, the present invention relates to radio frequency (RF) devices
10 and, in pa_rticular, to testing pf 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.
’Ihe preferred system incorporates a coupler which is configured to facilitate
15 coupling Eetween 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 taning member is 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 menber. So configured, resonance in a coupling coefficient of
an RF signal injected into the coupler via the antenna-receiving nenber
‘and the conducting nenber nay be tuned by the tuning nmenber. 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 ant eBpfunihndiipeleyh E8ulutdy, fesbititioBth a b befrifitdt 6% 0P HRhdIN0

an RF signal"to a séco portion e antenna, the secon portion-of the
ant enna bein i sed between . the first portion,and the RFE device body. 10
G her Tea: e LG SRTRIEEEH tie i TecBne mapbAt g e potdng fhar ent
to one with skill in the art upon exam nation of the follow ng draw ngs
and det ai | ethaydedenedbryithertuning membert ended that all such features and

advant ages be included herein within the scope of the present invention,

as defined in thOtkgerabddinentsofithe preSenBiiviehti GERaIRbE Cbristued asipiovidng=RAL
VI EW5 OF THE DRAW NGS The present invention, as defined in the clains, can

be betst er URfeHoAk Bttotphidk ad RE @fgﬁaoq%uk&ntéagaﬁ @ViQMnAd e egiibeRt. Thiifis

drawi ngs are not necessarily to scale, enphasis 1nstead belng placed on

per apenti vel ik aareis 8 bh AR RRus i Fobl OF P b Bk R A ) oo °

shown with a répresent ative hand-held RE devi ce, .,_a nobil e phone. 3

€. 9 ! 1€ pho
FIG 2 is alggstaartiallyisugounding afiss apriontof theantenag of theRxlevice;yvith a funing
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. It is 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 phantomlines). FIG
3 is a schematic diagramof the enbodi ment of the present invention
depicted in FIGs. 1 and 2. 5 FIG 4 is a schematic di agram depicting 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

length in wave #fgleRat ReikcSendb ; | in FIG
4. FIG 7 is graph depEicﬂt%iu{rl‘gEv\v/é)\%’\l%?ﬁ versdt?'ismg%up lgyaﬁgg‘g?“rv:p?vﬁh\%g\%&%%%g for

Ports 1 an . e epni.cted i.n,El 4. FI G I S graph depicting
coupl i ng cofel]foﬁ }lgiﬂéél‘{k eyggéélﬁﬁ%rg%bﬁh%p oé’ﬁgﬁ ﬂeﬂl?cfe%\man%‘hg??fir or Ports 1 and
2 of the network pjcted in FIG 4. 15 FIG 9 is qgraph depicting VSUR
versus coupl ed | E %Si%cmlq@wqf@wqu@nqmogﬂwm@n mventias wor k
depicted in FIG 4. FIG 10 is graph depicting coupling coefficient versus
coupl ed | engemictedhinElGs. 1 laeddt h for Ports 1 and 2 of the network depicted in
FIG 4. FIG 11 is a graph depicting VSWR (as seen fromthe coupl er input

port) sversus  20F{G.efid@eherhatic difiRarh MepidtineM eqifivil&f fRiSRRMetvBieNt | ON
depicted in FIG 1. 4 FIG 12 is% graphm(%pi c i‘r,19 coupl’ ng ecoe I ci ent

(between t h@or%%ﬂ@ﬂcﬁﬁg oY ScRtisc diagram of FIG. 3.
FIG. 5 is graph depicting voltage standing wave ratio (VSWR) vefsus 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 length 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 fo; 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 is 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 depicting phase
“versus frequency (neasured phase response of 5 the enbodi ment of the
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

Ref erence is no : e 1 ol R’Q&:ﬁn lRdhgat e
correspondi ng p‘g’g@%&g%‘@‘ﬂeﬁpﬁi@@%@é@ glc%ﬁg&ﬁf&;& S oﬁéﬁféﬁlﬁgu‘a%&a
preferred enbqdi pent of the over-the-air_ coupler 100.foftenti.nes..
referred t o™MAbHephonganienng port) vers uggcy)aflqngeﬂ‘@g(ém&ergggémwfm%%ymon
preferably is formed of a non-conductive plastic, such as Delrin(r), for

exanpl e, t hdepitted imFii.dl ectric constant of |ess than approximtely 4. Upon
base. 102 is arranged a ground conducting nenber or plate 104 which, in the

embodi ment depi CIFRG. 13is klgraphldepicting phiseguersas frequendy (medsared phaseiesponse of
Preferably, conducting plate 104 1s formed of al um num or anot her

o0D1 0B | o e UL e T O 0 e pref el
side wall 108, Wi AL PaRDedive Vi oF ar HRHAHVE cR®3&iment of the present
invention.
FIG. 15 is a schematic view of the embodiment depicted in FIG. 14 shown with a
representative hand-held RF device. |
10
”DETA]LED 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 dei)icted 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 ot her enbodi nents, various other configurations, such as those

I ncorporating two side walls, no side walls, or two side walls and a
™ceiling," for exanple, may be utilized. Spacing plate 109, which is made
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 ed, rRothaGatiliHaRE VWaYECAhersahgurdfion® Richts BB acbiraiiiwdSide

arranged upon the base so that the back or underside of the phdone engages

is in cl RrQ to _bas 0. and a Side e of 1one
engages or %éﬁ“f ﬁloc,sfdgsveal%r %&mr% s\"?? ‘\?I'\%ﬁs q“é 1|111ng,l gre:ggrpﬁeq&l}ay&)re utﬁﬂu i's
depicted in 10 FIG 2, with the represent ative hand-hel d device be
depi cted i nSpARRERIAte] .08ewhlch e)mqlee? alwpingmser anather suitab mar@manateaﬁ(srr ng
menber 112 which is adapted to receive an antenna of a hand-held RF
devi ce. As imylbaosel insome emnbodimentata appropribtetydopate ah BFaxohaddtarqdesstibedt ur e,
whi ch may be provided in order to reduce size of the antenna. An antenna

of thiss conﬁagmaﬁéroonsuepleempie' 11, 818 waflcl 08Qnd Spadiniiplate 108 chop AL ad o
stub” or "inductive helix." Pref er abl y, antenna-receliving nenber is forned

of brass, o S ed her

the tor m » ot TBRS ABEAR SRRy BoR T RELBLY 1219) (Bt ol R e B8 ™
appropri at el agat es RF energy, such as_a materjal that has a

resi st ance e%/mpé&g phonsl 19pR0RE #HANEPY upasbths SRsessodhet/therbadkar upderside of the

Ant enna-recei ving nmenber preferably is formed in a generally ring-shaped
confi gur at i phor@@ngages otitghin ¢luse proximity tor bast satld 06\ahd alsideredge of thie phomed el |
within the scope of the present invention, may be utilized. So configured,.
an antenna gipagéFordPi €18¢d prbLinity t6 &Rl 108. Such an arrangement is depicted in

10 FIG. 2, with the representative 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. As is known, suqh an antenna may
incorporate a helical structure, which may be provided in order to reduce size of the
antenna. An antenna of this configuration is commonly referred to as “inductively loaded
15 stub” or “inductive helix.” Preferably, antenna-receiving member is formed of brass, or
another 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 )that 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 at |l east a portion of the antenna-receiving nenber, such as by inserting
the antenna therein. In the enbodi ment depicted in FIG 1, proximl end
116 of the antenna-receiving nenber incorporates a contoured profile which
is adapted to facilitate engagenent of the 5 antenna within an
antenna-receiving orifice 114. Mre specifically, the contoured periphery
of the proximal end of the antenna-receiving nenber, which may be adapted
to engage the exterior surface of a phone body, for exanple, preferably

pernmts a declpata g@ﬂﬁﬁgﬂmima{natrb@iﬁﬂg fiRAdeishél 4 By iBséihg tHe@ntehhh S
configuration tends to pronote a tight RF coupling of the phone wth the
coupl er. Adgictdignal |y, engagenent of a side of the 10 phone with the side
wal | 108 also may tend to properly align the antenna for insertion into

t he antenna-recejvin ri.fice.. Antepna-yeceiving orifice 114 conmunj cates,
e.g., isin ali gh@ﬁ%fﬂ%ﬁﬂwfﬂ@wtﬁivgﬁiﬁ,mw cpd 136 ofgheanienngroceiving 118
which is forned of ferrite or another suitable tuning material(s). As
utilized hemember ingerpormten 2 contriuneyd prafiterwhitk is)adapted éo factlitate engagemient fhe 15
that is capable of altering propagation characteristics of an RF signal

and/ o5 absouitemg Within an an@ina-Riceiviigaifite 114N Muie SRRl ke bonte@ed i gured as
a hollow cylinder although various other shapes nmay be utilized so that an

merbor . SucRe RarSRE Pl EF NSt kAo Rk HaPhe ABBiS "
D07 of uncou FrHREe His THon TG o PP RCEob R BTy BB PR or o,
tends to provide a
engagement of the antenna within the orifice. This 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 ali_gn 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 suitable
tuning material(s). As utilized herein, the term “tuning material(s)” refers to a material(s)
15 that is capable of altering propagation characteristics of an RF signal and/or absorbing RF
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, thereby



coupler that is relatively insensitive to nminor variances in phone

pl acenent, thereby 7 producing a nore repeatable coupling. This feature
“also tends to pronote repeatable measurenents, such as during manufacturer
testing and/or calibration of RF devices (described hereinafter).
Orientation of tuning nenber 118 and antenna-receiving nenber 112 is 5
mai nt ai ned by a support nenber 120. Various configurations of support
menbers may be utilized provided that the configuration enabl es

appropri at grg¥uginkziadhbréGeptatablRecouplihg) OThiSBRARRE als6 keids ¥ prothotdRpeatable

ant enna-recei ving nmenber, e.g., 1n sone enbodi nents, the tuning nenber

does not p ' Ly, C e -reecel v erred
enbod ment HeppgeueHs e AE ik inBRleRAR: (G Hdd RN of REJEE T T
opposing first and second ends 124 and 126, respectively. Base portion 122
I s adapt e&dqsénﬁﬁ‘dﬁﬁi‘én%f%b 102 and the first and second ends are configured
to extend outwardly fromthe base 102. So configured, tuning nenber 118
maybe suppor t ed Qrientation of funduginembér ¥iStand adtepne-tasdivingdmembent HE is uppor t
menber 120. Additionally, first end 124 is configured to receive and
SUpPpPF t  anheHamee b h‘éh]?]}ﬂ)rfmefﬁﬁér 1202 Vagioud adnfigieatibhs bN§ppbA mehibers mapf
tuning nmenber 118 and the antenna-receiving orifice 114 are appropriately
aligned fo el vl Ng: i+S:f or med
o a T ow arenElfdbiusd et n el bablol aauBRgit pURRORhs behc!ning
cross-linkin ol ystyrene w th divinyl benzene, e.g., Rexqlite(r )
manuf actur%‘ clptive to thesantenna-reeeay ,gmgr, e(ﬂ.,Hg,sgr_neggl a&mﬁi%aﬁ%msn,
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 éngage base 102 and the first and second ends are configured to extend
ou’;wardly 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 cavity 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 divinyibenzene, e.g., Rexolite® manufactured by C-LEC plasﬁcs, 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 |ess than approximately 3. 8 Electrical
.connectivity between the antenna receiving nenber 112 and conducting plate
104 preferably is facilitated by a conducting trace 128. As depicted in
FIG 1, conducting trace 128 extends outwardly from antenna-receiving
menber 112 and away from base nenber 102, then extends transverse to a

| ongi tudinal axis 134 of the 5 antenna-receiving menmber, and then extends
parallel to the |ongitudinal axis of the antenna-receiving nenber al ong

PCB 111. In ot heEleihatédmRetivityYehPéendhd ANGRIERLSviRE m&ﬁtﬁrqwgm-t' ng trace
may be utilized. Add|t| onal ly, "a | oad resistor 136 electrical

conmuni cat eﬁorYHuEﬁn fa 1.Uf ?l?tat% % a%% cr| bed det ai |

her ei nafter, e wh I uce ¥ oF %t c 5?3% hg coeffl CI ent
<) ile |ncreaS|n e coupling

I(XS\C/)\F)he?t et quﬁg ot I'IP& age eﬁ@ﬂ% owiwardly frog %Wra@-rv%ﬁwlaa menhes 112 and:

t hat can be changed manual ly or electrically. Electrical interconnecti on of
t he ant ennaawmcﬁ'bmhage memiber 102 thenextendstraymvense to 4 mgitsdinalmkisoi3dfofitied! y i S
facilitated by a suitable RF connector or coupler input, such as an SMA

coaxi 8l conagefmFrecdvin) m@ﬁﬁb?réldtﬁ‘exf @@éxﬂ%ﬁaiaﬂ&m%ﬁ%n%gmiﬁﬁfaﬂfs of 3 I s shown
15in FIG 2. So provi the center pi n"140 of the connector nmay be

[ 112. Th
acoonpl i shedMEoREES ?ﬁs.ﬁlﬁng,&%@sé@?—?ﬂlﬁgﬁ& e??w@‘géiﬁrﬁeégs.’ Ot et 8F o
d that th te | d of the connector may
SPI0P!1| BRe e  h  L BR L

communicates with the conducting trace and, as described in greater detail hereinafier,

may be selected to reduce the voltage standing wave ratio (VSWR) at the coupler input,
10 while increasing the coupling coefficient. In other embodiments, the load resistor méy
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, efc.. The RF connector is mounted so that the
outer shield of the connector may. electrically communicate with the conducting plate
104.
20 _ Aé_depicted in FIG. 2, a hand-held wireless RF device, such as mobile phone 110

H

preferably engages the coupler 100 as the antenna 130 is inserted within the antenna-



20 As depicted in FIG 2, a hand-held wirel ess RF device, such as nobile
phone 110, preferably engages the coupler 100 as the antenna 130 is
“inserted within the antenna 9 receiving nenber 112 and at |east a portion
of tuning nmenber 118 (an alternative enbodiment of a coupler of the
present invention, and its associ ated engagenent nethodology with an RF
device, will be described hereinafter). So provided, coupler 100 enables RF
coupling, e.g., backward coupling, of the antenna 130 to the coupl er 100.

AS 5 util ir%?éi‘viﬂ?%rf‘eyﬁbgr‘lY@aﬁf&t%&?@?&%ﬁ%&@#&%ﬂgﬁﬁie{ﬂfﬁﬁﬁaft%}rx&% coupl i ng

di rection berng opposite difrection e I nput sign escri bed

In detail hereipafter)). erati eration of the cou r now wll be
descri bed |SnRpdiment,of 3cpupler ot%ﬁe B%W‘i “fvﬁng‘i‘b aﬁ& & assi)clﬁhagl eg,ga%?nﬁnt‘f erred
enbodi ment -of the coupler 100 of the present invention is adapted to_engage
an RF devi cmeethedelpgywithed RFedqvirgnwill hedesedbedihereinafier). F3a proviged,roupler 00
facilitate proper engagenent of the phone and the coupler, the body of the
phone is agnableg BF coapkig.gl, haclewird coaplingy obibe antesnd E30 torthecdupler 100. As
antenna-receiving orifice of the antenna-receiving nenber. In this regard,

the pseferrgagitdRgref]) aiéﬁtéﬁg “Eﬁck@%ﬁlén%"refe?setojtﬁe BtpHinP AirbSfoRl BEiinTREDEr

typically requires that t ody of t hone  engage (of be placed in

~close proximty.t .he nducting pl.ate, 104, .e.q. . .th ack or underside
of the pho?Pé’oéﬁeg(%"@ O‘E)gg © ARyt s’é%l @ﬁ%"nge&“u%e%églbdéelmﬁ?ﬁe phone preferably
engages side wall 108, thereby aligning the antenna with the orifice.
Thereafter, the phone maybe noved in a direction substantially parallel to

| ongi tudi nal axis 134 of the antenna-receiving

Operation

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 1 10, for testing. For instance, 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-réceiving 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

10



20 menber, 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 10 its associ ated RF device may
be arranged within a shielded netallic enclosure for protecting
measurenents froma noi sy surroundi ng environnment. Testing and calibration
of an RF device, particularly in a manufacturing environnment, typically

i ncludes tuning of the receiver(s) and/or transmtter(s) of the 5 device.

In this reg g;;nghi' | ically

I nter connec%gssﬁk%ﬁd%’?éﬁéeu@éﬁaﬁr?fgggcr| ﬂe%@é’?%‘?ﬁﬁ@%r%@%kﬁqg gnal s
maybe i nj ectfeog tl%ndlor extracted fromthe device. For instance, during
recei ver t uRTHE g RESWHOSH aﬂﬁ?yﬁlg"'%n%gc@a“??}wﬂe coupl er fromthe
test equi pnment. Gven a known coupling loss for the coupler and RF device
configuration, t Aestngadcalibrtign egmwkgéewmmrtwadwmbmn@thcﬂmm 10
desired setting. In contrast, during transmtter tuning, a known coupling
| oss for thenvicorment, tepicalFincladésctaning of thguecdived(s) axd/appdnisetktdr(s) of thegnal
received fromthe RF device via the coupler and test equi pmrent. Based upon
t he ragceive ' | thi I ' ﬂ{% %% i brated to a
desi rgd set tq Fﬁgﬁ n%sﬂulsg n%’vtvﬁ? %ﬂg?élrgﬁs ?she%g@oﬁﬁmbe ut |§i|écztg§dnfygr
determ ni ng. ' lLoss, of a. 15 rti.cylar.coupler ,and RF device

confi gurat i 3%:9&%62%85@3}1% % eqUipment E%ﬁmbﬁa Hlﬂw%fgoqwd s@agtrpﬁel}ee:&_] eiedch
typically conprises a body of the device, including the device antenna,
with the re@d/oesxtgeteddonytheiRideyice, Fopinstance duriag secgiver tuaing 8 knoyn signal
equi pnent. So configured, a signal may be provided fromthe test equi pnent
to the couphmsybepréevidedie the coupler from the 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 appﬁgd 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 is 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 abody 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 equiﬁmeﬁ for analysis. Thus, by analyzing the signal received by the signal detection

equipment, a value for coupling loss may be established.
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coupl ed signal then being provided fromthe device antenna to the signal
detection 20 equi pnent for analysis. Thus, by analyzing the signal received
"by the signal detection equipnment, a value for coupling | oss nay be
established. 11 Theory of Operation Theory of operation of the coupler now
wi |l be described in greater detail. Depicted schematically in FIG 3,
antenna 130 of phone 110 has been inserted within antenna receiving nenber
112 and tuni ng nenber 118 as descri bed herei nbefore. Note 5 that conducting

pl ate 104 amkosnd tisggecei ving nenber 112 are configured as arns of an

antenna. More specifically, electrical paths are provided between signal

generator 140 d conduct 1.4 h%t ' and the
ant enna-recei vi ﬁ’&%@%é&t&g Oge |°cPé%§P%‘§E’ﬂ&%Q§F§drr%§§g %r%gt%&ée{%gl si gnal
generator 140 are intended to_denote test ui pment, which is utilized for
i nj ecting aDg?lﬁtﬁ‘aFCheﬁtaB"@}YdP@ilge&:taP%W As0 QF &P‘ﬁ‘ﬁgﬁoi‘%\’ﬁq‘%ﬁfﬁd ¥ er 100.
Conductive trace 128 and |l oad resistor 136 are represented schematically by
resi st or Rdanterinagbceiving membet 112 ansltoming ezsnaher Wil 8 hs déseribesd lemeinbeferse iNadteg
menber. Additionally, RL denotes the resistive |oad of the phone. As shown

in FI& 3, thhrcoaudingpldd 20486t idtennaheeRivid@meinbee Y] Tare ¢onlsurédss arms@PT) do

not share a common ground. In order to sinplify analysis of the coupling,
n

b o APA Bt R3HIRS. 0 B RLERAGASE bl GRABR
apac t anccRRERdig0E PIHE B, gt Dok peibat Al the iR eoeiving Thember.
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 128 and load resistor 136 are represénted schematically by
resistor R4, 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 conduétive 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 should be noted that in FIG. 4, a, is the injected signal, b, is the reflected signal, and b, is

the received signal, i.e., the signal received by the test equipment. In other embodiments,
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DUT and the conductive plate are at the sane electrical potential. Thus,
‘the coupler then can be represented by a four-port network, such as the
"network depicted in FIG 4. It 20 should be noted that in FIG 4, a, is the
injected signal, bl is the reflected signal, and b2 is the received
signal, i.e., the signal received by the test equipnent. |In other

enbodi nents, 12 it may be desirable to have the DUT in physical,

el ectrical contact with the conducting plate 104. In such an enbodi nent,

the capaci Hgﬂsgbw&hg bieSo hfkfé Mé g?}'l;)infp fcalf aEémearcbﬁtaamnﬁ fleBoRdi@mgW th

mat ched | o coupler ¢ econposed to even and odd nnges The
i nteraction des, i.,nduces, t he i bet ween the two
transm ssi (?h""l%? Hﬂ%eﬂ‘ S?E%WFWB% mencgpfcdﬁn%efwglﬁgg% “%' s wll det er m ne

t he coupling coefficient and matchi nwggr opertl es of the coupl er

even- node,  bot Af a1} fvE pprsarg fermingteds with anajghed jeads £psthe soupierican b eand are

.both driven fromthe sane source against the ground. In odd node, the two
| i nes are decomposedto efenand 9dd agaes)SThe interdetioh betweeh the Mdlhomt;limluces the
magni tude. The even and odd nodes have different 10 characteristic

I npedances ,coﬂlﬁg%]&@w &6h RO Bv G Eh ARSI SIERRAC ThY ﬁhé‘ar cb nbifioR 8f fHesMRoddNk#s h

Mongi a, I nder and Prakash Bhartia, "RF and crovvave Coupl ed-11i ne
g: L;u' ts”, _de%%?&{p&us_pgag g&%):lenfa and n%a?c]hmgt;) %ropef'tl IOP 86 coupler. kl% Ve -modeJ
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
each 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
Mongia, Inder Bahl, and Prakash Bhartia, “RF and Microwave Coupled-line Circuits”,
Artech House, 1999):
a=8,=2 b2 Jksin@
Y cosd + jsind 0
b4 N ’
p=8, == - —
a -k cos@ + jsinf
where
A/
15 = Oe 0o , 2
ZOe + ZOa ( )

and fis 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:
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a, 1-k2 cos9+ jsin9 where 15 =.Z0 (2) Zoe 00 and 9 is the electrical
length of the coupled section (if the coupled section is a quarter of a
‘wavel ength long, 0=90). The network matrix for the 4-port network is: 13 b,
0Oa0O,8a b2a0~80a2(3) b3 0ao0O/Ba3 A a0/30 a4 lnthe

coupl er design shown in FIG 4, not all ports are termnated with matched

" loads. If ports 1 and 2 are matched, and ports 3 and 4 have reflection
coefficient of p3 and p4 respectively, a2 = 05 a3 = P3b3 (4) a4 = P4b4

Then, from ﬁ &4)0 @ | &P4b4 b2 = aa, + NP3b3 (5)
1
a 2
0
a

0
Bla| ®
0

4

)

aO
0 B

Q)

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
5 4as = p;b; . @
a, = p4b,

Then, from (3) and (4),

b = Bp.b,
b, = aa, + fp;b,
b, = Bp,b,
b, = aa, + Bp;b,

©)

Solving from (5), we get:

BT pas ©

7)
al . l-a’p,p, (

,BP-t
Pin—_“ 8
a, 1-a’p,p, ®

P, is the reflection coefficient see from the coupler input (port 1), and T'is the transfer

function, or the coupling coefficient to port 2. VSWR of port 1 is
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b3 = /3P4b4 b4 = aa, + fp3b3 Solving from(5), we get: b4 =16 (6) a, 1-

a2z p3P4 _ z s 10 TAl = a 1 P3P4 (a - hJ) (7) a, 1-aP3P4 1 __ 2 al I-a
'P3P4 p,, is the reflection coefficient see fromthe coupler input (port 1),
and T is the transfer function, or the coupling coefficient to port 2.
VSWR of port | is 14 VSWR =1 + Ipl, | (9) 1-Ipl W can now |l ook at the

coupl er design with some nunerical exanples, and how different paraneters
i nfluence the VSWR and coupling coefficient. Note that k is the coupling
factor when all fpur,ports are matched. The value of k is dependent on the
physi cal | al/SBR he transm ssion lines (l{9e thickness, separation
bet ween the two, 8 nce to the ground plane etc...).

We can now look at the coupler design with some numerical examples, and how different
parameters influence the VSWR and coupling coefficient. Note that % is the cogpling
factor when all four ports are matched. The value of & is dependent on the physical 1ay01-1t.

5 of the traﬂsmission lines (line thickness, separation between the two, distance to the
grouﬁd plane etc...). |

As is 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 normaily occurs at approximately 850 MHz. The tuni1_1g member

also provides the benefit of absorbing excess energy present on the antenna that otherwise
would radiate. This tends to prévide a coupler that is relatively insensitive 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

15 damping,

Example 1
The setup is shown in FIG. 4 assuming &t = -5 dB. Port 3 is open, and Port 4 is
matched (p, =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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As is evident fromthe follow ng exanples, the ferrite (or other tuning
material) of tuning nenber 118 tends to de-tune a high Q resonance in the
‘coupling coefficient which forns between the antenna of the DUT and the
coupler. In many devices, e.g., cellular 10 phones, this resonance normally
occurs at approximtely 850 MHz. The tuning nmenber also provides the
benefit of absorbing excess energy present on the antenna that otherw se
woul d radiate. This tends to provide a coupler that is relatively

i nsensitive EkSmpie0" vari ances in phone placenent, thereby producing nore
repeat abl e coup Ing. Thus, the RF tuning nenber may, in some enbodi nents,

performthe dual . functions of .t n| ng, and 15 g i g e he setup
S shown i Pl e The Sue v it Hsrdn Ssaming A2 a0 par T TR0 PEr 5 o,
mat ched (p3= 1, and p4 = 0). The VSWR at Port 1 and t he coupling

coeffi ci ent andPorb dtisteemin@tedtveithia 8333 shmresistoo(y, + b, aﬁki@ (5251th1® VSR at
Exanple 2 The setup is shown in Figure 9 assumng k = -5 dB. Port 1 is

5052, Port ng ' ' stor
(pa= 1. anaPgl 180 Wusoublile EQitipitnts BedgBeifphAL Fiand'y bt ol 1S 7 b 1100
betwe%n Ports 1 and 2 are shown in FIGs. 7 and 8. 5 Exanple 3 The setup is
showmn”in Figure 9 assumng k = -5 dB. Port 1 is 5052, Port 3 is open,

Example 3

The setup is shown in Figure 9 assuming £=-5 dB. Port 1 is 50€Q, 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 representaﬁve embodiment depicted in FIG. 1.
Measurements were taken utilizing a vectof network analyzer (Agilent 8753ES
manufactured by Agilent Technologies).

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 Téchnologies. As shown therein, a high Q resonance in the couplihg 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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and Port 4 is termnated with a 450 ohmresistor (p3= 1, and p4 = 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 neasured
performance of an actual coupler produced in accordance the representative
enbodi ment depicted in FIG 1. Measurenents were taken utilizing a vector
networ k anal yzer (Agilent 8753ES manufactured by Agilent Technol ogies). 15
FIG 13 shows neasured frequency response of three couplers: trace 150

correspond : ; | ol TigfipRRdANGRRhé AemfPnd@iRat ati ve
enbodi nent %%tg%%ég?lgg%lﬁﬁgls%ﬁgﬁﬁgspgggﬂ%ggoﬁlesponds to a%ﬂZgi | ent

Triaxial, manufacjured by Agilent. .Technal.ogi es: and ttac 4 corresponds
to an E6397°8 ZAE{{]?SPS%; s'%br‘?ﬁ?sété‘fla'rlgﬁy W%ﬁ?@ﬁ?‘: c%%?glpérg%‘es. As shown
therein, a high Q resonance in the coupling cqefficient 20 is nqgt evjdent
in trace 150, e Refereneeavillngyyhemadetostice d which depicts arrpresentatiyg,lipmative
conpared to the other traces. Therefore, the present invention tends to
provi de a cmbpdiment b6 thetvauples 10kbLthe predsgntiimeation.t As shdven m KIQ. déghent , e. g.
m sal i gnment of the antenna and the coupler. As is known, such sensitivity

may sfi ft té’é_ﬁpfef 00/ thY pr‘seﬁ ifrfnBbh Ry iﬁ%ﬁ’;ﬁfrﬁ@%ﬁggéﬂé&&ﬁw&bﬁ‘d&@de to FIG
14 which depicts a representative alternative enbodinent of the coupler

orosent i mABRGE B B il PpiSRR M EICh gk on Afipma SRRy wille?) '

t he enbodi nent depicted in FIG 14 inclydes, an antenna-recei\Vvin nber
112 and a%ming member 118 that are configured to receive an antenna Withoug ha%?ng to

insert such an antenna into those members via an orifice or cavity. In this regard, such as
depictegl 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 funing member as well as the antenna-receiving
member 112.

Referring once again to FIG. 14, the coupler depicted therein includes a base 102

that is 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 sérve 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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112 and a tuning nenber 118 that are configured to receive an antenna

w thout having to insert such an antenna into those nenbers via an orifice
“or cavity. In this regard, such as depicted in FIG 15, an RF device, such
as a nobil e phone, for exanple, nmay engage the 10 coupler by appropriately
aligning the device and then placing at |east a portion of the antenna 130
in close proximty to the tuning nenber as well as the antenna-receiving
menber 112. Referring once again to FIG 14, the coupler depicted therein

ggc;uggsB iG I n&gﬁF&e?%%e rretr%tﬁdc%?g&%g@g %cf’ﬁ‘zgp&%’ﬁ% fo oe\?\nhﬁeg as well
; 112),
race 126, WRAUEGLASHI é’id‘wftﬁaa&%ﬁ%%re BOHifDs of P REEpacHier SedBoRBCe 160 my

serve as a nounting platformfor various conponents of the coupler,

i ncl udi ng stomunvsicating mitl gdennageceiving member 12, shchpsaaseldervia ) 64,1agd d
resistor 136, and, optionally, faceplate 162. In order to protect the
vari ous comﬂwﬁgmﬁem}ﬁsﬁaﬂasﬁitﬁeolﬂaaﬂwlleﬁ.e or cover 162 may be utilized
which is adapted to cover and prot ect at |east sone of the conponents,

€. g., 5conponent Sy ‘%é&ﬂb&@%eﬂ@d 4aG! P49c Gﬁmhclﬂh&&déiﬁenlﬁ-rg&%gf an

RF deV| ce. Asuit conne not sh own preferably engages th
under si de of th _appro rtjons of t RF n tor

el ectri cal I‘?emg%rﬂﬁgﬁbgd?‘foﬁ%& ik #@Hﬁﬁy | RPTtiop i@ S?f‘glaﬁg gEHEs via
sol der via 164, and _conducting plate 104, such as with sol der via 166. 5
In the embodapeter ciedle persienili2.manda side walblifd. el?ref@mbly,rpéamawn@ﬁr 170is

ant enna-recei vi ng
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 118 and antenna receiving member 112, and then urging the device
downv;rardly 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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menber 112 that incorporates a substantially planar portion 170, a
substantially arcuate- shaped or cradle portion 172, and a side wall 174.
‘Preferably, planar nmenber 170 is forned as a portion of the PCB with the
cradl e nmenber 172 and side wall 174 being nechanically affixed thereto in
any conventional manner. Mich like the side wall 108 10 depicted in FIG 1,
side wall 174 of the antenna-receiving nenber depicted in FIG 14 is
adapted to facilitate ready alignment of an RF device for appropriately
pOSi ti oNi NGadtBtna GFThEBEce hobR Ue%ﬁfopﬁgt_eﬁyalig%d Felafle o BRY thhidR mefherBld t he
tuning nmenber 118. In this regard, tuning nmenber 118 preferably is
configured ﬁ% a se?ne1t.of a g | i nder al though various other shapes may be
utilized pr AIHTE FAPVATE WHYRHha may be received by the 15 tuni ng nenber
preferably by downwardly directing the antenna jnto the concavity defined
by the tuning ne%@fqre%n&w@mr&@,sb@ﬂbpr@mdeﬁorRWO%ﬁafwlﬁgaﬁlwmdca 14 is
readily adapted to receive an RF device, such as by appropriately aligning
t he devi ce dedsripton. Ulhiswpt iterduted td b extrdistavet arrio timitethe inviengomterthe prets2, and
then urging the device downwardly until at |east a portion of the body of

the dgvice gjifR@Rlcded OModETtalbnsbFSAridifons@re dp&sﬁle inQ%Yn%f the dboesthiigs! ed
schematically in FIG 15. Once so positioned, the 18 antenna of the device

shoul d be apgr 8&5&&&%¥oﬂ:ﬁ1ﬂ>’&ﬁﬂeﬂt§hﬁ&s¥§d 8wk &&%icﬁgseﬁ%%%’ésc?ﬂgd he

antenna recél ving nemper. e 1oregorng description has been presented for

purposes of illusiratigon and description. |t is not iptended to he .

exhaust 1 ve BRovids the st iusaon by BROGIPIE ALt iseonden and iy FraciRal evntilga%pn

Modi fications or variations are possible in |ight of the above teachings.
to thereby enable one of ordinary skill 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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The enbodi nent or enbodi nents di scussed, however, were chosen and descri bed
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 various
nodi fications as are suited to the particular use 10 contenpl ated. AT such
nodi fications and variations, are within the scope o:]l

determ ned by the appended cl ains when interpreted i ' [l”"ﬂ]mmmmrt he
breadth to which they are fairly and legally entitled.” 1§ | %ij111%11*111j 1
i~ it L SCLAIMS 1. A systemfo(rj gi ng a-radi o frequency (RF)

devi ce, the RF device having a body anhd an antenna, the antenna bei ng
configured to propagate an RF signal, said system conprising: 5 a coupler
configured to facilitate coupling between. an RF signal and an RF devi ce,
sai d coupl er conprising: a conducting nenber having a base wall, said base
wal | bei ng tonfi Ausystem footestimgapadiv foequencyn(RF) deviee, thelRF devick haviig abodyxe; an
ant enna-recei vi ng nmenber configured to receive at |east a portion of the

10 ant enna; ardiléh dhténinb)] the anfefbeifetnfiguic@do pfopagite hiY RFafigralk 3aid s@staart ion of
the antenna therein, said tuning nenber being aligned wth said

antenna-r ecgc';n\ﬁ;ﬁ'bgné.renber

5 " acoupler configured to facilitate coupling 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 antenna-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 anténna—
receiving member and at least a second portion of the antenna is 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 memﬁer is

tuned by said tuning member.
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such that at least a first portion of the antenna is receivable by said
antenna- receiving nenber and at | east a second porTi S

"receivable by 15 said tuning nenber; wherein reson ' '
coefficient of an RF signal injected into said cougﬂmmnﬂﬂ!ﬂgnm“m

ant enna-recei ving nmenber and said conducting nenber is ¢unedwubyssard
tuning menber. 20 111112111211112111211211211212 1111 * CL MS 2. The system
of claim1l, wherein the RF signal is injected in a first direction, and a
coupl ed signal corresponding to the injected RF signal is characterized by

a second dprect RO gysidnt of L1hiA 1 AWhe&h IR RPSIgAA] i8 i edted in' Phidsy digdlies, 4 af O

the second direction. 3. The systemof claim1l, wherein a resistive load is
electrically_ c l.ed,bet ween,. 5 said.ant a-receiving nmenber and said
conduct i ng HRARSE S8Rl SerReing e BusPRARE JienaUR FlatreR e BV s s (e
coupling coefficient. 4. The systemof claim1l, wherein said .

ant enna- r ec8ireqtieg. the first direefipndieing substapfiplly-gpgosite faithgsesenddirectieni nes a
cavity, said orifice being configured to receive at |east a portion of the
antenna therethrough, said cavity being configured to receive at |east a
portion of 10 the antenna therein. 5. The systemof claim 1, wherein a

resistive | gad i ?h@(h]ﬁfénﬁ bE@hinY 1. GRREREIR A rBREtIVRA0ad BRIl BORIEFSRIvEIT
menber and said conducting nenber, said resistive |oad being

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 orifice and said
tuning member defines a cavity, said 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 antenna therein.

5. The system of claim 1, wherein a resistive load is electrically coubled 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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configured to reduce a voltage standi ng wave ratio (VSWR) of said coupler.

6. The system of claim1, wherein tuning—ef—t+he—resonance in the coupling

“coefficient 15 of the RF signal is f ggied as danping the
resonance in the coupling coeffi mﬁ mi iﬁ signal by said tuning
menber. 21 1 111D 1111111220111 sl #. The systemof claim]l,

further conprising: test equipnment electrically conmmunicating with said
coupler, said test equi pment being configured to deternmine a
characteristic of the RF signal. 8. The systemof claim1, further
conprising:g 5 %E}S{emomgﬂpf,;m&g;ngﬂgiﬁg ng nmenber. 9. The system of

claim1, wherein tuiing nenber is forned of ferrite. 10. The system of

claim 11, wherein_antenna-recei.vi nenber .is f.rnmed of .bra .

system of claim 'fsat Wﬁ%@f‘&ﬂ&%ﬁ’(ﬁ'ﬂu HGAUNg Y. ﬁm‘ﬂ'é%upéeqs?ai‘gteﬁéﬁjqi“fp eglltd
side wall extending outwardly from said base wall such that said base wall
and sai d siringweonfiguncd te determine pcharapgietisticothe)BF stgmah, and wherein
engagenent of -the RF device with said side wall tends to align the antenna
wi th said antenna receiving nenber and said tuning nenber. 12. The system
of claim4, wherein said antenna-receiving nenber has a proxinmal end with
a cont ouredg_perirpﬁbegygtenﬂt,fdlﬁﬁﬁ,mrcbjngﬂsﬁ%: sai d contoured periphery being
15 configured to engage the RF ‘device such that the antenna of the RF

devi ce i55 subst

arrllltez'masl tloy supporting said tuning member.
9. The system of claim 1, wherein tuning 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 mexhber 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 L-shaped configuration, and wherein engagement of the RF device with said side
wall tendé ’éo ﬁgl 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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cdrrpl etely insértable within said antenna-receiving orifice. 22 * CL MS
13. The systemof claim4, wherein said tuning member engages a support

‘menber, said support nenber being configured to align said

antenna-receiving orifice with sajd - cavi i d tuning nenber. 14. The
systemof claim4, further conpri H“‘ m IH‘“ anect or engagi ng _
electrically engaging said coupl el " tor being configured as

a coaxi al cable connector having a pin and an exterior shield, said pin
el ectrically engagi ng said antenna-receiving nenber, said exterior shield

el ectricall en i Jed1ae ) hip 6,
wher ei n sai gsdam%ﬁgéﬁglﬂﬁqg%gfggsﬁzﬁfg rp’%"%&g@fﬁgﬁe‘fgf I%%%bél\?l’—h

16. The system of claim6,, wherein sai.d support nenber .enga sai.d .
antenna- r ef&ﬁﬁ“ﬁ%"@ﬁg’éff Retg,c egaﬁ’ Gﬁgg%b% P’?te?ﬁm‘é?mﬁgpﬁie ﬁ@{hafa’sdp aced
arrangenment of_ said,  anfenna-receiving nenber and said conducting plane. 23
11111111111 Fevifyefispidiymingmeerabery A net hod for coupling an RF signal

bet ween an RF device and test equipnent, the RF device having a body and
an antenna, the antenna being configured to propagate

14. Thé sjrstem of claim 4, further comprising:

5 - an RF connector engaging electrically engaging said coupler, said RF connector
being configured as a coaxial cable connector having a 15in 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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the RF signal, said method conprising the steps of providing an RF device;

5 at least partially surrotnting—a—+fi+rst portion of the antenna of the RF

device with a tuning LAl ng an RF signal to a second portion
of the antenna, the sH !!Uﬂﬂjﬁ the antenna being di sposed between
the first portion and [ dy. 18. The nethod of claim17,

wherein the step of coupling an RF signal to a second 10 portion of the
antenna conprises the step of injecting the RF signal in a first direction
such that the coupled signal corresponding to the injected RF signal is

characteri zgd by ghe3RROBFcHipliRg bh RF sigla€bétiest an REIdRGHcE @i R6i dihipment,
substantially opposite to the Second direction. '19. The nethod of claim

17, wherein, rgsonance i.n_a.coupling coefficient of .the 5 iniected RF

st gnal 1o dFRESRR0E BriiRe  RRY Bl Aleeiiie o5 o6tbhnheihe Fop il BEopREaET 1114
" * CL MS 20. _The nethod of claim 18, wherein the step of injecting the RF
si gnal conphe BEsignab saidmegihost comprjsing the gtephel: RF signal with test equi pnent;
determ ning a-characteristic of the coupled signal; and 5 tuning the RF
devi ce based upgrotidimgan®RMddevice; sti c of the coupl ed signal.

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 in a coupling coefficient of the

15  injected RF signal is damped by the tuning material.
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20.

step of:
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[
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The method of claim 18, wherein the step of injecting the RF signal comprises the
injecting the RF signal with test equipment;

determining a characteristic of the coupled signal; and

tuning the RF device based upon the characteristic of the coupled signal.
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