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 %%é&ﬂﬁﬁvéﬁﬁh'g@ﬂerﬁly relates to RF devices 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



1 6 JUL 2004 equi pnent has been di sengaged fromthe gal vani c connector.
Thus, it is possible that a particular phone may pass a manufacturer's
testing and calibration procedures and yet fail to function proaqigy f%@
the end user, as the antenna may remain di sconnected fromthe pho W 12804
conpl etion of testing. 5 Therefore, there is a need for inproved testing
systens and net hods which address these and ot her shortcom ngs of the
prior art. SUMVARY OF THE | NVENTI ON Briefly described, the present

i nvent i onegighdiRhat PednAflbedghdc@Rn e daRfhicA@Wh&ces. Thits, 3D, pokdibleddtiacul ar
to testing of RF devices, such as nobile phones, anong others. In this

regard, . I J i rued as
br vt di ngr2HESfEfe RED ML TP Mokt s BLRE I LINE Moo AR e BT
i ncl udes adﬂgdy and an antenna, with the antenna being configured to

pr opagat etodHnedongirepealy forrthe epd apear jsdhe g%ﬁgrer@rﬁl?wmaﬁbﬁha%@éleae@&aﬁq 8% whi ch
is configured to facilitate 15 coupling between an RF signal and the RF
devi ce. Th®nealipl @mpletodnuaidsstmgconducti ng menber with a base wall that is
configured to engage a portion of the body of the RF device, and an

ant gnna- r ecei VingefdRTBREc Ishalced SorGARid@H i&EN}E Syi@eLindematholi&@Richa portion
of the antenna. Additionally, a tuning nenber is provided that is

configure ecelv | east . ion the antenna therein
Preferablgy&%ﬁeE%%%Wﬁaﬁéﬁﬁgg?mu%%%B?%%ggoﬁ%%h t he 20. ant enna-recei Vi ng
menber so that at least a first portion of the antenna is receivable by

t he antenna-receiving nenber and at |east a second portion of the antenna
1.8 receivable

) 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



2 1 6 JUL 2004 by the tuning nenber. So configured, resonance in a coupling
coefficient of an RF signal injected into the coupler via the 1 %‘J 004
ant enna-recei ving nenber and the conducting nmenber my be tuned yl#hg
tuni ng nmenber. O her enbodi ments of the present invention nmay be construed
as providing 5 nethods for coupling an RF signal between an RF device and
test equipnment. In this regard, a preferred such nethod includes the steps
of. (1) providing an RF device; (2) at |least partially surrounding a first

portion ohyuhaumRkennd Sblenf¥uree Yiseantk ta BolpiinkREecrioRhESf A RF a@ﬁial( 3)
coupling an RF signal to a second portion of the antenna t he second

portion of nna hei n osed bet ween rtlon a d the RF
v e bolysEL T FEPBIG, 17 4t SRS Corrai i B b angub B Ro R on w1
beconme apparent to. one with Skl|| in the art upon exanlnatlon of the

f ol | owi ng™@V &¢itHngd badke e meaberdescription. It is intended that all such
features and advantages be included herein wwthin the scope of the present
i nvention, as Oéfer amlodimedntseo{ahpprestat irvkatioBmail be Bilstrthe DESERIBTHZON OF THE
SEVERAL VI EW5 OF THE DRAW NGS The present invention, as defined in the

cl aisms, caRieas RETChESLANARS LR m&nraﬁfzaf@a% 4nfl téé@%%ﬁxﬁhbﬁwfﬂaugir aw ngs.

The dramﬁngs are not necessarlly to scale, enp asi s ad being placed
on clearl | ] ust r.atin r|n | resent i | G 1 |s
o per epecteetrd Pt o el B BB e ot oF PRVETpe 0 KT 4RO P
shown with a representatjve hand hel d RF deV|ce ﬁ% a nmobi | e phone.
least partially surrounding a first portion of the antenna of the RF device with a tunmg
) 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.



316 JUL 2004 FIG 2 is a plan view of the enbodi nent depicted in FIG 1
with a representative nobile phone engaged thereon (the phone it 6ddplcZét
in phantomlines). FIG 3 is a schematic diagram of the enbodi nent of the
present invention 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 diagramof FIG 3. FIG 5 is graph depicting voltage standing
wave ratio (VSWR) versus coupled Ilength in wave length for Ports 1 and 2

of the networ kpgpi Blagflar Miek! FBthdembd e degic%em @I@Eplv%ial}glg&%ﬂpiﬂv@g
coefficient versus coupled length in wave O length for Ports | and 2 of

t he netwo cted in F 4 Z_LS..araph ict.ing VSWR versus
coupl ed | é‘lr%)é)ﬁ g%ﬁﬁeﬁg\%gﬁdedr}é%eﬂn ftgér:bﬁélretlsshﬁplggﬁ% @%ﬁﬁmﬁh%es ‘et wor k depicted in
FIG 4. FIG 8_is graph depicting coupling coefficient versus_ coupled

l ength in mveFI(F-ﬁ'@taWChwath@mp o4 e ombprdimendt of haResentieNERild in FI G 4.
15 FIG 9 is graph depicting VSWR versus coupled length in wave | ength for
Ports 1 dedcted of FiGsel ned @ork depicted in FIG 4. FIG 10 is graph
depicting coupling coefficient versus coupled length in wave Ilength for

o2 o P et el Ly e oo
corresponding to the schematic diagram of FIG. 3.
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.




20 frequency for the enbodi nent of the present invention depicted in FIG

1. 41 &J UL 2004 FIG 1 2 is a graph depicting coupling coeﬁjB |ﬁ£t
(between the coupler input and nobile phone antenna port) versus # q&@%oy
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 nent of the present invention depicted in FIG 1). FIG 14 is a
perspective view of an alternative enbodi rent of the present invention.

FIG 15 is a sgfigndtik g g¥dphie fctih@@omggbéﬁ@fmfi%{v@&ﬁ%é QublBinphfaghown
with a representative hand-hel d RF device. 10 TAI LED DESCRI PTI ON OF A

PREFERRED E | MENT. Reference i.s now made to.FLG erein.lik

Fof er ence TGP ATE MIEIRE AU Lor e CoB o e reotmethitorens tioten
views. As shown in FIG 1, a preferred enbodinent of the RF over-the-air
coupl er 10eigted ey des referred to herein as nmerely 15 "coupler")

i ncludes a base 102, which preferably is formed of a non-conductive

plastic, such BE. 1Be$ & pruph)depicifg pagpteus if@icnpgnastlicd pRsderéspotgngt ant  of
| ess than approximately 4. Upon base 102 is arranged a ground conducti ng

menger  or gRlcafbBdihiht mh%gmisﬂt k&R BOdiAERFIEep! cted in FIG 1, is
configured as an L-shaped nenber. Preferably,
FIG. 14 is a perspective view of an alternative embodiment of the present
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.



conducting plate 104 is forned of alum num or another appropriately
conducting 20 material (s). The conducting plate preferably incd?ﬁouglegmﬁ
base wall 106, which is adapted to engage base 102, and a side wall 108,
whi ch extends outwardly fromthe base. 5 1 6 JUL 2004 In ot her enbodi nents,
vari ous other configurations, such as those incorporating two side walls,
no side walls, or two side walls and a "ceiling," for exanple, nay be
utilized. Spacing plate 109, which is made of al um num or another suitable

conduct i ng, FRELEhBdifbnts BYiolE othSLEbrifRuSATR:, SRMOMA HBRtRcdrordiy QRJ didd el ¥
| ocate an RF connector (described 5 héreinafter). As depicted in FIG 1,

side wall 108 and.s in | ate 109 cpoperate S0 as .1Q_ S rt printed
i roult b3aTe T R S e rAlrElr RS /Sh e it TaBURER I N O
nobi | e phone 110, may be_ arranged upon the base so that the_ back or

under si de Sazﬂcn@g@latq%)én@h@hgw@ge of alpminum ey wothep piablg eapdugimgasdenal(v 106
and a side edge of the phone engages or is in close proximty to side wall
108. Suchnan bansahigeoartenisddagitetoegpraprib@lHoGite 2n RH doantdter (degribsént at i ve
hand- hel d devi ce being depicted in phantomlines. Coupler 100 al so

i nclsudes gneaRl .nﬁglrdg@gFiewiﬂmmgfe Mﬁ@@@ﬁ%&&@ﬁ@&tﬁ@ doBperh@GEaye an

antenna of a hand- device. As 1s known, such an antenha nmay

incorporate a helical ., structure, ' b ravi ded., | r.to_reduce
Slse or ¢ Pt empdied e bEReOR) bl eiels Por-Pa i fRyisey Bl or r e
to as "inductively |oaded 15 stub" or "inductive helix." Prefeyabl¥,
ant enna- r ec@pbilgphonerid 8y mpgbe araregd gpomthgdase orthatdhe baky orgudersisic of the
.cgnducting material (s). As utilized herein, the term"suitable conducting

/ phone engages or is in close proximity to base wall 106 and a side edge of the phone

engages of is in close proximity to side wall 108. Such 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



material (s)" refers to a material (s) that appropriately propagates RF
energy, such as a | material that has a resistance of |ess thqg% 200!
approximately 100 ohns-cne/cm for exanple. Antenna-receiving HHQT t
preferably is formed in a generally ring-shaped configuration 20 although
vari ous ot her 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

ant enna- r atdeisv i portion wif éfe, ansaneb-recziviyg inesiber, ki dshe ingegi ke bhenei n. I n the
enbodi nent depicted in FIG 1, proxinmal end 116 of the antenna-receiving
menber ingefpprates a contoured profile which is adapted to facilitate
engagenent of the 5 antenna within an antenna-receiving orifice 114. More

specifically, cont oured. peri ph f the proximal_.end of the . .
antenna-receivﬁngaﬂﬂﬁﬁﬁF?nV%ﬁ mﬁﬁsﬁééﬂéﬁgﬁpgﬁe?iiﬂgﬁggaén?ﬁ%*@§?¥F@br
surface of a phone body, for exanple, preferably permts a deeper
engagenenmegbenipeorperaien Agomiontedmre file vdngt is @é@ptﬁ%i%fa@ditﬁt@ engagement of dreds t o
pronote a tight RF coupling of the phone with the coupler. Additionally,

engagenenint@ina avithilen afterraereddviphori€icsvi 14 Moee Sceigicity, helébhtaked nmay tend
to properly align the antenna for insertion into the antenna-receiving

W th che PTRESTRTIRGELYPOTCRI of HEm it RE TR aT E fich e 2 B C

ferrite Ogngggneotilg Exterior stu?tta)llcg of a phone body, for example, preferably permits a deeper

) 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 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



tuning material (s). As utilized herein, the term"tuning material (s)" -
refers to a material (s) 15 that is capable of altering propagatli®njUl 2004
characteristics of an RF signal and/or absorbing RF energy. Preferably,
tuni ng nmenber 118 is configured as a hollow cylinder although various

ot her shapes may be utilized so that an antenna may be appropriately
received by at |least a portion of the tuning nmenber. Such ot her shapes are
considered well within the scope of the present invention. Use of the

tuni ng nephducihg adsort ecpehtablicaeplinae ThadieatutodlsRned toyte@uf! reskagey gy during
utilization of the coupler and, therefore, tends to provide a coupler that

is relati I o 1 i i o] -, thereby 7
15U oA RaRE S Ak Bl RGE R BAIRREIA G380 B Mces) 00" Conds
to pronntf %gﬁgagablef neasurenents, such as during nmanufacturer testing
and/ or cafd® FeBpRles: devices (described hereinafter). Orientation of

tuni ng nmenber 118 and antenna-receiving nenber 112 is 5 maintained by a
support menber Onig@atioreef toving comitiey (i Sandaderoia-reeppog mambheb éi Zismay  be
utilized provided that the configuration enabl es appropriate positioning of

t hest uni N@aink@EAy 4 Rippéilt venitRr 1DE FRERRPBnfiG R MisH sUBREMemBerd mayl N SOME
enbodi nents, the tuning nenber does not physically contact the

ant enna-r H\ err i t . SU nber 120
Ml udes. S Bted rotRdeatha s o gRURE SRR pock RSB0 b0, 20
126, respect'vely” Base portion 122 is adapted to engage base 102 and the
first andMEBEFTEIAEFRYY hF antERRicGR I8 BYNREKt gt Some enbodiments, the tuning

) 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.



outwardly fromthe base 102. So configured, tuning nmenber 118 maybe
supported by the extending first and second ends of the support} Regher2004
120. Additionally, first end 124 is configured to receive and support

ant enna-receiving nenber 112 so that the 15 interior cavity of tuning
menber 118 and the antenna-receiving orifice 114 are appropriately aligned
for receiving an antenna. Preferably support nenber 120 is forned of a | ow
dielectric material (s), such as a plastic produced by cross-Iinking

pol ystyrene Wigiétaldal conlcORNBESRweerthd anteMRXRLeiVBEmempBRNYb agd ured by G LEC
plastics, Inc., anong others. As utilized herein, the term"low dielectric

mat eri al (s)." i al . i t R nt of
| ess t hanscélﬁ%d;%&? hga{ etemfﬂg %&%ﬁ% fé@ﬁta% %5( aé%g@l?cﬁngéﬂ% Cg (ll)%%'e%% :&3@? 1?73 E)rgt ween
t he antenna-receiving nmenber 112 and conducting plate 104 preferably is
facilitat ddCbls candustipie fipphbed pdends ppvargly f@@pﬁ@ﬁw—mﬁelvms@e@eréé%aﬂ% ting
trace 128 extends outwardly from antenna-receiving nenber 112 and away

f r om base awmapifiem H:62 mentben 1 € temds tdnda rsneese td @ langitodigil axds el ofdlé s 134 of
the 5 antenna-receiving nenber, and then extends parallel to the

| ongj t udi RAlenRXieBeidngtiémbaNiRINAG £:86R1s PaRUeBRE londltediHalR%R dikde | n ot her
enbodi nents, other arrangenents of the conducting trace may be utili zed.

Addi tional ] a |oad resisto 1§Q: tyicall o] nigcates wWith th
conduct | ndEruEseaRe e B dloitss) FF ot baf BT ofet AlptshtabiR, be
selected to reduce the vol tage_standi ng wave ratio,gVENVQ at .the coupler
i nput, 10 thafondugtingtage may be pblizgh hddidonalizs & Joad gssistor| 136 glessicalifhodi ment s,
~the |l oad resistor my
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-




provi de variabl e resistance that can be changed manually or electrically.

El ectrical interconnection of the antenna-receiving nenber and f§egf;

equi pnent (not shown) preferably is facilitated by a suitable R conH%%tor
or coupler input, such as an SMA coaxial connector, anong others. A
representative RF connector 138 is showmm 15 in FIG 2. So provided, the
center pin 140 of the RF connector may be electrically connected to the

ant enna-recei ving nmenber 112. This may be acconplished by sol dering,

press-fit g6 L& 139h88 hVRSst a?y%ﬁlon ofEnifE m%%@leﬁf?{mun eI €d so that

the outer shield of the connector may el ecttically co icate with the

vt oot O Roditng i couffey AEE BEsh TR Botheany 16 sds B e or 100 o6

the antenna 130 is inserted within the antenna 9 1 6 JUL 20D4 recei Vi ng
nmenber 11medmdolagy wethan REF dones, vl be desgnbefghareintfier). 198pioxifled] ecapleatd PQe

enbodi nent of a coupler of the present invention, and its associated
engagemnenénablee RFcbabliay, . tHackwardfcodstities of thedahienie 1 3Bfcthe begpldraei mafter) .
So provided, coupler 100 enabl es RF coupling, e.g., backward coupling, of

t hegant enﬁﬂiééﬁg&fh ﬁﬁ’uﬂz{c%a.ﬁp fite” referd {ol the &ﬁg%@ctlmlfﬁfl oppOSI te

“backward coupling ers to t up ing directi elng I1nt

di rection of in nal rlb a|I |nafter . eration
Cper at | orepsteiireelippeern sl Geseabet it dil Frcigflifer detari . Ao Shown
in

) 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 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

10



10 FIGs. 1 and 2, a preferred enbodi nent of the coupler 100 of the present
invention is adapted to engage an RF device, such as nobile ph 8 éﬁg, mﬂr
testing- For instance, to facilitate proper engagenent of the phon né
the coupler, the body of the phone is arranged so that the antenna maybe
inserted into the antenna-receiving orifice of the antenna-receiving
menber. In this regard, the preferred ring-shaped configuration of the 15
ant enna-receiving nmenber typically requires that the body of the phone

engage ( OfitshsociitiCRE devicEnas Be R igedivtithin O3hiblded sRAMNC A GuR] Rk e 104,
e.g., the back or underside of the phone engages base wall 106 and a side

e o o RS OGLAAR 20 A ABAE Sud b i dviroiEhy LNOT0Y &1 g7ing the

ant enna wi orifice. er ea ione nmay be noved in a

direction substantially rallel to |ongitudinal axis 134 of the

ant enna-r ecei vh%@tlwr‘ﬁléﬁg trop Hé%%@ dgyice,harty utasly 18 AreaiactBingo pr opri at el y
seat within the orifice. Once so positioned, the phone is ready for

t esti ng awroyiommoet,i tipiatllyancludss wemg of the retrvea @l pdior taardmi@er(s) 6ftheU L 2004
its associated RF device may be arranged within a shielded netallic

enclsosur e dkfite. RItRis@6dard IhOEAPW ST predeh Oy éntidRi Sy SEIEQHPHIyNY _
environnment. Testing and calibration of an RF devi Ce, particularly in a

manuf act uej [ t i 41 nel tuning. of ;the receivar(s)
and or 1 r SBRon AR cquotflof RSl MR O Ry IS R ERRANLE )
present invention y. be el ectrically interconnected with test equi pnent
(descri be@? 81?@?%‘5%36?0@3 th&ﬁﬁ” d5visFa RO insAREC, dNIBE fREGIVER HIRE: A &ROWAEBH from
‘the RF device. For instance, during receiver tuning, a known signal

may be provided to 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 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.
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may be provided to the coupler fromthe test equipnment. G ven 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 c@nym@ggg
during transmtter tuning, a known coupling |oss for the coupler an =
device configuration is applied to a signal received fromthe RF device
via the coupler and test equi pnent. Based upon the received signal, the
transmtter may then be tuned or calibrated to a desired setting. As is
known, varpRys, srebiesdsgmaybe utilized for determ ning coupling |oss of a
15 particular coupler and RF device configuration. For instance, a "hacked"

RF devi ce may ut| h typically. (is t he devi ce,
i ncl udi ng the evr Oﬁf%r%ﬁﬂ f&\?n ﬁﬁﬁ%o“r’ érélgﬁgg$scgﬁeq ﬁag%/flcgegaﬂbel ng
bypassed to signal detectlon egflpnent So conflgured a_signal may be
provi ded fpiatedechematicallyan FHent aplenanBefphras | %&Srbeﬁlhélseg%wt@@ si gnal
t hen being provided fromthe device antenna to the signal detection 20
equi pnent aftennarekiviigsmeibersl,12bynd andhy miembet hied &idgaaibed desintetbrby Notee
signal detection equipnent, a value for coupling | oss may be established.
11 16 JUL t@a@@%ulshﬁgméteofozx%araﬁ%er@m TRERINS rﬁém@&qugtal’é)ébn‘ﬁ oufdis %ﬁﬂ@&fer now
W Il be described in greater detail Depict ed schenatlca y in 3,
antenna 13 _0Q e 110.h en. | rted wit ant enna- r ecei

A I R N e R o Oréﬂﬁhat
conducti ng glate 104 and antennal -receiving nmenber 112 are configured as
arns of conducting plate 104, and the signal generator and the antenna-receiving member.

) 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,
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an antenna. Mre specifically, electrical paths are provided betmeen si gnal
generator 140 and conducting plate 104, and the signal genera and t%
anterna-recei ving nmenber. As depicted in FIG 3, resistor Rs SJ haZU
generator 140 are intended to denote test equipnent, which is utlllzed for
injecting a signal into and/or extracting a signal fromthe 10 couplerl QO
Conductive trace, 128 and |l oad resistor 136 are represented schematically
by resistor R4, which electrically conmunicates with the antenna-receiving

menber . Addidyiberiabitable folhavel 6RADET if BBysic$ i esdctrical gkt @fithtthe calibgngAs shown
in FIG 3, the coupler 100 and the phone 110 or device under test (DUT)

do ot ShRLe acHITRY il B 8ol WIRId oAl ysi s of the

coupl i ng, e reasona is electrically

connected to t onductlng ate [ pacitor (not shown). As is
known, the siz aH% Ogééﬁﬂﬁ W@mﬂﬁﬁgﬂﬁ aﬁ%ﬁPﬁgEﬁpﬁﬁf@uﬂ%&mﬁﬁxhhosen SO
that the capacitance is |large. Therefore, one may assune that the DUT and
t he condudscompossidde ever adarddirhedesaitbe mt@ecttidndatwmtthmvircamodaﬁuduces e
coupler then can be represented by a four-port network, such as the

netgwork deppEh @bmeeﬁh@méuahémféaoﬁ Hasy. drieaineat RehtiRaion! oF thdsGmafles ®ill 1 S t he

i njected signal, is the reflected signal, and b2 is the recei ved

arbod nen%e‘?eﬂni@‘ﬁ%%%ﬁﬁ%éﬁﬁﬁ HE S a0 b B9 Ao S e,

physi cal , electrlcal ont act th the conductin plate 104. In such an
enbodi merho! frﬁ‘?nﬁ%i‘b%ﬂﬁ’cnﬁﬁé@ Fmg@otenfinl, pp are%Ptha‘FrFVGP(f{ﬂm Hsre@ear e

TFrninated with matched | oads ZO, the coupler can be
_, 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:
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deconposed to even and odd nodes. The interaction between the tw nodes
induces the 5 coupling between the two transm ssion |ines. The 1 pnaﬂg 2004
conbi nati on of these nodes will determ ne the coupling coefficien t
mat chi ng properties of the coupler. In even-node, both transm ssions
lines are at the same potential, and are both driven fromthe sane source
agai nst the ground. In odd-node, the two lines are driven out of phase
agai nst each ot her, but mﬁth equal magni tude. The even and odd nodes have

di fferent r ct i npedances, denoted as ZO, and Zo,

respectiv can (Naj esh Mongi a, Inder Bahl, and Prakash
Bhartia, | _gred M QﬁoWh Qz upl ed-11i ne CIrCHi Artech House, 1999):
b2 jksin 0 32:0" -11 -k2 COSO +j §|n O (1~P=S"1i - b4 M- k 2
a, k2 cos |S|nC)mhe _Zo~ zo. + z0" (2) and 0 is the

el ectri cal® hOofft 6 pled section (if the coupled section is a

quarter of a
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
Yo a,=pb, . (4)
a, = p4b4

Then, from (3) and (4),

b = fp.b,
b, = aa, + fp;b,
b, = pp.b,
b, =aa, + fo.b,

&)

Solving from (5), we get:

b
oA ©)
a l-a'pp,

T:_b_l_,—_ 1-p,p,(a® = %)
1 1-a’p,p,

10 N

/szea

= ®
1= a2p3p4 '

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
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wavel ength long, 0=90"). The network matrix for 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.a 01/i3 NHA 2084
t he coupl er design shown in FIG 4, not all ports are termnated with
matched | oads. If ports | and 2 are matched, and ports 3 and 4 have
reflection coefficient of p3 and p4 respectively, az =0 a3 P3b3 a4 =
P4b4 (4) Then, from (3) and (4), b, = QP4b4 b2 = aa, y+ | p3b3 b3 = ~P4b4 b4
= aal + /-'P3b3
1+

pfn .
pl’nl

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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Solving from (5), we get: b4 P al 1- a2P3P4 (5) (6) T= z =al-P3P4(a2 _/32)
L' al '-a 2 P3P4 (7) Pill = b 02P4 = al 1- azp3P4 (8) pin is thg JUL 2004
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

14 1 6 JUL 204 VSWR =1 + Iph,I 1- Ipjn | (9) W can now | ook at the
coupl er design with sone nunerical exanples, and how different

Example 2

The setup is shown in Figure 9 assuming k= -5 dB. Port 1 is 50€2, Port 3 is open,

and Port 4 is terminated with a 83.33 ohm resistor ( o, =1, and p, = 0.25). The VSWR at

Port 1 and the coupling coefficients between Ports 1 and 2 are shown in FIGs. 7 and 8.

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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paraneters influence the VSWR and coupling coefficient. Note that k is the
coupling factor when all four ports are matched. The value of kiifs JUL 2004
dependent on the physical layout 5 of the transmission lines (line

t hi ckness, separation between the two, distance to the ground plane
etc...). 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 fornms between the antenna of the DUT and
t he coupl thet is kelatinsiyyindensitoe o nespdaceneet, kigl, anisdllnpleanesthe hheand &slhance
normal |y occurs at approximately 850 MHz. The tuning nenber al so provides

the benefddupRf. ARSI s%‘%@ﬁsﬁtiﬁﬂeﬁﬂ%’ sIHﬁQﬁ@ﬁE%tﬂﬁcﬁ HE f’cglﬁjﬁ%]g.a t hat

otherwise would radiate. This terids to provide a ‘coup at is
relatively in itive.fto mnor ' es..i,n.phone placenent, thereby
produci ng” nor Z@}%ﬁ %ﬁ‘%f %o%ﬁmaflﬁé%ff‘ﬁﬁg,wﬁﬂ%d%ﬁqs ?ﬂ‘%lr‘??ﬁngg%%]?erﬂad’fe in
sonme enbodi nents, performthe dual functions of tuning and ) 15 danpi ng.
Exanpl e |cmbodinent b theccogplenh0G of the gresent amesntipmgAk showninglG. pdrthe3 i s open,
and Port 4 is matched (p3 = 1, and p4 = 0). The VSWR at Port 1 and the
coupl i ng cooplef 1@0 effthe p2Berhétwrdon Ray tiscolpaind ad opéestalvows. Mor&l Gs. 5 and 6.
15 1 6 JUL 2004 Exanple 2 The setup is shown in Figure 9 assumng k = -5
dB. Port shedifical§Pthe cRPoHindent 3eIR8A 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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and Port 4 is termnated with a 83.33 ohmresistor (p3 =1, andgpé = ﬁdﬁ%%'
The VSWR at Port 1 and the coupling coefficients between Port’s IJ%

are shown in FIGs. 7 and 8. 5 Exanple 3 The setup is shown in Figure 9
assuming k = -5 dB. Port 1 is 5052, Port 3 is open, 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 nmeasured performance of an

actual coupdesf anRPAUeied ARuRgIORBBARctIIINGRRERAEHERLIDIL cpabBadihpent
depicted in FIG 1. Measurenments were taken utilizing a vector network

anal yzer (gL a0be BEAYS wiIMEAE LAY S5k M) RPLoBREIRLS0gE) - 15 FIG 13

shows neasure requency ree coupl érs:trace corresponds
to the actual coupler_produced in_accordance the representative enbodi nent
depi ct ed PRMMURIcang yithaptepsressivigIPIRBF kld. Sigh Agyiasaideryiadiptaand

manuf actured by Agilent Technologies; and trace 154 corresponds to an
E6392- 60006¢hduotimg plate IWensifches withdobigr viadiclbent Technol ogi es. As shown
therein, a high Q resonance in the coupling coefficient 20 is not evident

in trace 150, 8 @eendbbBini® aEAREE IR N8 EbuPRY t UO BRNRIREAR bntERAIPRECI AR
conpared to the other traces. Therefore, the present invention tendsto
provide am%&'ﬂ@ll 130) t’]’xgt ilncérptl)rli{t'eszdos%stantially planar portion 170, a substantially arcuate-
shaped or cradle portion 172, and a side wall 174. Preferably, planar member 170 is
; ) 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

downwardly 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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that is relatively insensitive to m splacenent, e.g., msalignnment of the
antenna and the coupler. As is known, such sensitivity may ‘]sgi% tc@(ﬁi'
frequency of a coupling. Reference will now be nade to FIG 14 lr "
depicts a representative alternative enbodiment of the coupler 100 of the
present invention. As shown in FIG 14, the 5 coupler 100 of the present

i nvention may incorporate an open structure. Mire specifically, the
enbodi ment depicted in FIG 14 includes an antenna-receiving nmenber 112

and a t unbmgnmesfitke déig dhoald tarppapribiefrulRted flAtReed YR taRing MaMia aMd t hout
having to insert such an antenna into those nmenbers via an orifice or

cavity. | fhelddteding RYefvthe Sbhbe2S depicted in FIG 15, an RF device, such as
a nobi |l e phone, for exanple, may engage the 10 coupler by appropriately

aligning the deyvige and then placi at least.a portion, of the antenna 130
in close proxi ﬁ{? ff’r?%mi'% esfﬂﬂt???} resafélt?ﬂefPW‘g‘EOSteﬁé?‘alﬁ{SEﬁ% #¥cei vi ng
menber 112. Referring once agai nto FIG 14, the coupler depicted therein

i ncl udes €espaptéom dpis noh intendsd seibpexddusttycan dajritdhs yyputian wehdprecit@0 as wel |
as a PCB 160. In this 15 embodi ment, PCB 160 includes the follow ng
conmponent formpldosed Ovbiificatlol of Paldtiodh areqts6ibRAn lERE MhO SR TR hinkd.2) .
trace 128, conducting plate 104, and solder vias 164 and 166. PCB'160 nay
serve as : - u co r,

el ud g s i sl el At R AR Sorlh ahd B BBURI 8.
resistor 136,, an tionally, faceplate 162. |n order to protect. the
vari ous c%ﬂﬁ’gﬁgl?ﬁ%sbﬁﬁ%mfﬁ?{h%p%l %[%‘éfeﬁh%’t“é’e@onc"@%?s prepsicakapPleation; | j zed
'\gfﬂ ch is adapted to cover and protect at |east some of the conponents,

g., conpdkrelisenghlechendprdyearyisiilldn ghe ant tonyidige therinvenitioh in harious
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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17 3 6 JUL 2004 body of an RF device. A suitable RF connector (not shown)
preferably engages the wunderside of PCB 160 with appropriate ppptijgns 2004
the RF connector electrically comrunicating with antenna-receiving nenber
112, such as via solder via 164, and conducting plate 104, such as with
solder via 166. 5 In the enbodi nent depicted in FIG 14, coupler 100

i ncl udes an antenna-receiving nenber 112 that incorporates a substantially
pl anar portion 170, a substantially arcuate- shaped or cradle portion 172,
and a side wall 174. Preferably, planar nmenber 170 is fornmed as a portion
of the PCB with the cradle nenber 172yangisi de wall 174 being mechanically
affi xed thereto in any conventional manner. Mich |ike 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 alignnment of an RF device for
appropriately positioning the antenna to be received by the cradle portion
172 and t ke t ufi Efemelioptepting gradiqfreqyescy ddpsledice.itha REglemsabaying adody
preferably is configured as a segnent of a cylinder although various other
shapes nmagmdm arttdriniazibd apteand bidnl tdidiguaid taprapapste A RFogpiagcaidwsstehy t he 15
tuni ng nmenber preferably by downwardly directing the antenna into the
concavi t yeq difled by the tuning nenber. So configured, the coupler 100
depicted in FIG 14 is readily adapted to receive an RF device, such as by

Fecei v ng. menbFo s SoaheR B i g AR e = R B SURE, | ar | east
a portion of the body of the device engages a portion of base
Yy 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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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 bﬁ
appropriately aligned relative to the tuning menber and the art®nddl 2004
receiving nmenber. 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 disclosed. Mdifications or
variations are possible in light of the above teachings. The enbodi ment or
enbodi ments di scussed, however, were chosen and described to provide the
best illustratifr syktetnhe chiinnic wHersn ofe RInGghdlVenfdead inadirktGrephidt khe al
application to thereby enable one of ordinary skill in the art to utilize
t he i nventj i Qi oy ard [ LiR ' : |, Ei ONs as are
sui ted o CRRu St CopleSporB TG el A Yehd ik 3B bisEbITTS 20
variations, are wthin,the scope of the invention as determ ned by the
appended éjllrgg?fg‘ m?etﬂr Squfeé’ﬁﬁ? g?%& S]?Pft%{léléﬂ}f gerfsHe g ¢ S’E"F?éﬁ deel3 Rt h to whi ch
they are fairly and legally entitled. 19 o JUL 2004 CLAIMS 1. A systemfor
testing a radio frequency (RF) device, the RF device having a body and an
antenna, the antenna being configured to propagate an RF signal, said
system cagnpri dhegystem 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 a coupler configured to facilitate coupling between an RF signal and an
RF device, said coupler conprising: a conducting menber having.a base
wal |, said base wall being configured to engage a portion ofqtﬁeJBbdﬂméf

t he RF device; an antenna-receiving nenber configured to receive at |east a
portion of the 10 antenna; and a tuning nmenber configured to receive at

| east a portion of the antenna therein, said tuning nenber being aligned
wi th said antenna-receiving nenber such that at least a first portion of
the antenna is receivable by said antenna- receiving menber and at | east a

second porti onTat sydien dRERANG, figtheLShpraige b 15 said tuning nmenber;
wherein resonance I n a coupling coefficient of an RF S|gnal injected into

said coupler v t C ctin nenb

is tuned by sg%aaﬁhﬂngﬂfﬁ%ﬁﬁeh§%§é%Tﬂ% @%gbéééﬁﬂfou ﬁrs WWB? ainil
wherein t gnal is inj.ected in a first direction, and a coupled
signal co ?Iégﬁ%éﬂ%ﬁjpdiefmm‘?ﬁ@ﬁ@@rﬁmﬁ@ﬁzﬂf signalhar act eri zed by a second
direction, the first direction being substantially opposite to the second
direction. j 3. The systemof claiml1l, wherein a resistive load is

el ectrically coupl ed between

8. The system of claim 1, further comprising:
5 means for supporting 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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5 said antenna-receiving nenber and said conducting nenber, said resistive
| oad being configured to increase the coupling coefficient. 45 TU@ sten1
of claim1l, wherein said antenna-receiving defines an orifice ﬁd Li dD
tuni ng nmenber 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 gurided syemedukem &, whticdoQidhan@imenba\eagdoat a QuipteiRtmb&l said
coupler. 6. The systenlof claim1, wherein tuning o? the resonance in the

O g SRR Ebmb ool Lhfaleatt AT s aludid1RLciUEICARY, QdaP! N0 e

resonance in t coup |ng ent 0 sign sa| tunln
menber. 21 1 6qub 2004 7 The system of claiml, further conpri sing; test
equi prent BV BCHSPELPIDE MihSHi cating with said coupler, said test equipnent
being 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. 18. THae sy or olhint 4afubthds coMififs@igh ant enna-recei ving nmenber is

formed of brass.
5 an RF connector engaging electrically 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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11. The systemof claim1l, wherein said conductive nenber 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, ahd \yiéer 800k
engagenent of the RF device with said side wall tends to align the antenna
wi th said antenna-receiving nmenber and said tuning nenber. 12_ The system
of claim4, wherein said antenna-receiving nenber 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

devi ce i s 13ubsiaantihall lfpr coaphid a1 RE Yighflseiweddl & R U6Vife 7 st equipment,
antenna-receiving orifice. 22 1 6 J UL 2004 13. The system of claim 4,

e o ekt By o VRPN 19AR SR BROL 1R TRz con BBl fla 2 PRBE B0

bei ng con S antenna-recelving o Wi cavity
of said tyni Jrenber, 14. The systemof claim4, further conprising: 5 an
RF connechﬁ#ﬂgﬁgﬁgPﬁﬁiEﬁ CORRFFDE iSOG sai d coupl er, said RF connector
bei ng configured as a coaxial cable connector having a pin and an exterior
shi el d, said pprvidhgat RFclabicy; engagi ng sai d ant enna-receiving nenber, said
exterior shield electrically engaging said conducting plane. 15. The
system of cl ai mléaswﬁmaﬂy Burctindin@ankisbra&ie bf Ghe dhtefind 6 OHY RFCIEvRE whith a

approxi mately 850
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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16. The system of claim®6, wherein said support nenber engages said
antenna- receiving nenber such that said support nenber nmaintains a spaced
arrangenent of said antenna-receiving nmenber and said COMU@B&UQ'W' 23
1 6 JUL 2004 17. A nethod for coupling an RF signal between an evi ce
and test equi pnent, the RF device having a body and an antenna, the
antenna being configured to propagate the RF signal, said nethod
conprising the steps of. providing an RF device; 5 at |east partially
surrounding a first portion of the antenna of the RF device with a tuning
nat eri al ; 26.0upTheigetddF cRii@N8] wherem e Siep df Piuctin® thed F bighalaahpiides the he
second portion of the antenna being di sposed between the first portion and
the RF deg/th&g.body.‘ 18. The method of claim 17, wherein the step of
coupling a ]ff signal to a second 10 portion of the antenna conprises the
step of. inj ectlng tgle@[,: .si%nal inafirst direction such that the coupled
signal corresPsHRR PSR figRl W EREIUR i gnal i s characterized by a
second direction, the first direction being substantially opposite to the
second di r ect i dgtermiging ArvbaretcHstic effthe bariphsdisignalsesrdei n resonance in a
coupling coefficient of the 15 injected RF signal is danped by the tuning
mat erisal . 24  tuning the RF device based upon the characteristic of the coupled signal.

25



1 6 JUL 2M 20. The nmethod of claim 18, wherein the step of injecting the RF
signal conprises the step of: injecting the RF signal with te empﬁnt
determ ning a characteristic of the coupled signal; and 5 tun
devi ce based upon the characteristic of the coupled signal. 25 1 6 JUL 2904
5 ABSTRACT OF THE DI SCLOSURE OVER- THE- AR COUPLER FOR RF DEVI CE TESTI NG A
preferred method for coupling an RF signal between an RF device (110) and

test equi pnent includes thespteRacof oFTHE PiQvidkngan RF device; (2) at
| east 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, the second 10 portion of the antenna being di sposed

gretewgregvit ne M Lf;uﬁgvéhqgﬂﬁeﬂlﬁ% CPLERFSR REVEVICH TETRNG Y devices also
5
A preferred method for coupling an RF signal between an RF device (110) and
fest cquipment includes the steps of: (1} providing an RF device; (2) at 1east partially
surrounding a first portion of the antenna (130) of the RF device with a tuning
matenal; and (3) coupling an RF signal to a second portion of the antenna, the second

10 portion of the antenna being disposed between the first portion and the RF device

body. Systems and devices also are provided.
Figure 2

15
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