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QUAL- BAND ‘ANTENNA COUPLER FOR A PORTABLE

RADI OTELEPHONE BACKGROUND OF THE | NVENTI ON l.
Field of the Invention 5 The present invention relates generally
to antenna cwopéisss. More particularly, the present i rCENUSITRIC00S
directed to a novel and inproved antenna coupler for a portable

radi ot el ephone. 1. Description of the Related Art In the
field of cellular comXUALBAND ANTENNA GOUWPEERBORA are 100 used to
comuni cate wi th base stat PORTABLERADIOTELEPHONE(RF) . Typi cal |y,
t hese portabl e radi ot el ephones operate at relatively | ow power | evel s

in order to conserve batjer d i ase_ 1 tioge. However,

when there are alternat eﬁmméﬁfﬁ@%@m@ﬁ vehicle battery
when driving, or a conventional electrical outlet when indoors, the user of
15 the portdbl e Firldofchehtventionl t en enpl oys speci al adapters to take

advant age of the higher power supply avail abl e. For exanple, there are
many vehi cul arpadaRisk §dh te
| R SVl SR BRBP o SRhghE BRIER, Hjore

el ectrical su nto a
t el ephone, ﬁ%%/‘g%ﬂl’!oﬂ‘ﬁl BresgRt pmpventiong;igy ﬁléﬂeg etioanﬁlerebn@mﬁénmpvaél e
r adi ot el ephoraatdrma aosiplerifoi a yormbleradidbteRPhopaver booster and ant enna.

Additionally, these adapters may include a "hands-free" kit including
an auxiliary Cr Rb this way, the user may take
advant age of Im gher &g%r ﬁ%ﬁﬁ%ﬁ#and hands- free conversation

Wi t hout sacrifici ba and yet still ble to carry the
sane portable r adﬁgf}bq %?}ﬁoqvfé’eul‘ngﬁ éﬂ’é’ﬁ tpms, | e padiotelephoges are In
order to t®upised tige cpmmynjrate twithanbaser stations eoyrrr trafiicefrequenciedi (RE). ephone,
a typical veltypidagy, &Qa@t;ﬁrrtalb&esaeﬁateléwwes Véberattd pAtefd&i@egf%w oﬁ)epse to

t he portableé‘peglg?{t&ldgg 8% 2 }ba na.. Howeve this glgt Lﬁ

result in a Srgnifican VS PAREYR YRS 2hincRpse SU& time, QYYF‘é‘?rI'y

when an i nsufWhesy there pre alsgronte pawsr nmangramﬂablej sugh esiaduchicle baterpor t abl e
30 radi ot el eytenériving] 61' atcoh@entfonidl CeladlfibilSutlet Slrli‘éiﬁu&ldd?'&%'usﬁ%? abl e

st U SRR AR L
fromthe radibtt8eep *ﬁ@% Eo‘tf&fslSHBPYt puailahler Fpr exampiel éheradam gnanhave not
been abl e t o vabivistarcadnpsers fwldtle RtarSforfre tiw Relidlebgdnerdtbe dledttiadll &ipply

into a level suitable for use by the portable telephone, and also couple the RF -

signals to and from the portable radiotelephone for use with an external

20 power booster and antenna. Additionally, these adapters may include a
“hands-free” kit including an auxiliary microphone and speaker. In this
way, the user may take advantage of higher power transmission and hands-
free conversation without sacrificing battery time, and yet still be able to
carry the same portable radiotelephone with him when he leaves his car.

25 In order to couple the RF signal to and from the portable
radiotelephone, a typical vehicular adapter uses an inductive coupler placed
close to the portable radiotelephone’s antenna. However, this technique
may result in a significant amount of RF signal energy loss, particularly
when an insufficient RF return path, or ground, is provided to the portable

30 radiotelephone while it is in the adapter. Since a typical portable
radiotelephone’s internal components are encased in an electromagnetic
interference (EMI) shield to prevent stray electromagnetic energy leaking
from the radiotelephone’s casing, the prior art vehicular adapters have not
been able to achieve a sufficient RF return path to the portable

35 radiotelephone.
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SUVMARY OF THE | NVENTI ON The present invention is enbodied in an
antenna coupling device 5 used to adapt a portable radi otel ephone capabl e
of oper at i onwostsm3 frequency bands. The ant enna couplpcrusienicor

conpri ses a ground pl ane havi ng an upper surface with an antenna
coupl er nounted on the upper surface. The antenna coupl er coupl es radio
signals to and fromthe comuni cati on device antenna. The ground pl ane
al so includes at |east 10 cSETNIMARYOFR THEANVENTIONacti ng an
externally accessi bl e ground poi nt on the radi o comruni cation device. A

mat ghj[ ng ci rgui t cdthel presért i'd‘ir@n’ri?rrx1 B Exﬁ%kﬁf&%pér?ran&@ﬂﬁl r?&ﬁ?lﬁ% device

pr edet er mi n e e,. nt enna_coupl.er to )

communi cat i gn %i g%l%?%?é%ngggg%aﬁarfh%el@ﬁ@ i rcgffacb?e of , QT8N dNf tWluency
bands. 15 frequeney hrodsm dThe antennay coupling devige ecofriprises angrasmdoptine

abutting vertileiling an @S| ARSI 26l DehhS OOPRE rﬁHﬁﬁéﬁeoﬂ%!ée@%perThe
first and secop al din

tii.ng verti _portions.are sition
substantially 6‘?%%99?% énteg?ael%ﬁ“ipgeﬁ FE“B ﬁhm?l“hé’r‘g‘% tPoa{‘ﬁieﬁBFbLﬁ]i‘G pl ane
upper surf ace.comymynicatign device gnteginaenThe ground gilane alsb inchedes! ateleast bands
cUrved_bande. b ol eLac C| prne oficbitatii GGl ol fraurd poftl {1
curv S | . IyS .grqu
coupl e radio Soﬁ{ % g&gg cé’r?‘ﬁ%%ﬁ??ﬂedevme'co%ﬂﬁifc & (ﬁ‘ﬁﬂ'@ﬁ%@"éﬁt"% when
t he comuni catdnéenife\qogpler s generatepen apresptérmined | irgpedencehéo t matdhr apeency
bands. A seconghtéind beupler ietheb@ifiunication abvite @htSinal 68bich bSRlAkRG from

t he ground pl r.adi ignals to 25 and fromthe comruni cati on
A

devi ce antenna nrcation = device is operating in a second
of the twolPrequendieigspird planernpy alsp inglude first and secondnalmtiing oleetitali cal | y

Cogpl ed tg t h?)cgbonmanI&E? orl NtheMBppér B@rface tikdrbGhli tTHEi)firQLOtEHHi §éipf\ﬂ|r 5:

and second ma - 0 . i N_i.opu rmn 0
mat ch the con‘rﬁ?ﬁ?@% ﬁ}c??\ﬁ &(Ilanglg{ogrE\t g%ng’?’g%?gggi Qgta fb‘bgtﬁﬁjf@%{ n‘b’ttﬁ‘?g?ﬁﬂqt
portion is usd8aiRBNtY sReh FhET ANE o the growndeplane uppesparfacengin @ firss fir st

frequency bancminslitnest, seplunalityedfainirngi eietalubinds are positionsd iifi PrRRIAity onal
when the commygisahk QRotifd i 3’&09&%{ BE thd dulpfed ba?a%%ﬂ\g}{e%}é‘a’ﬂ‘:y
band. The i nput terni_n nal .of the first matchihg Clrcul FLIONoTS
coupl ed to t hdPpted frem, they \ﬂliﬂ-"]eetq KeURleCHAP Fignals &) aad from the
portion i nput cosnnimightion devisk eanteona hevisscothe commanization device is
operating in a first of the two frequency bands. A second of the curved bands
is also electrically isolated from the ground plane to couple radio signals to
25 and from the communication device antenna when the communication
device is operating in a second of the two frequency bands. A third of the
curved bands is electrically coupled to the ground plane. The matching
circuit may comprise first and second matching circuit portions each having
an input terminal to match the communication device antenna. The first
30 matching circuit portion is used when the communication device is
operating in the first frequency band and the second matching circuit
portion is operational when the communication device is operating in the
second frequency band. The input terminal of the first matching circuit
portion is coupled to the first curved band while the second matching circuit
35 portion input terminal is coupled to the second curved band.

In a second embodiment, a coupling pin makes direct contact with a
radio frequency component of the communication device, such as the
communication device antenna. In this embodiment, there is no need to
couple the signal over the air using the curved bands. The output from the




In a second enbodi nent, a coupling pin nmakes direct contact with a

radi o frequency conponent of the communi cation device, such as the

conmuni cation device antenna. In this enbodinment, there is no need to

coupl e the signal over the air using the curved bands. The output fromthe
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3 coupling pin may be connected to assingle dual-band matching circuit

designed to generate a predeterm ned i npedance to match the antenna

coupl er to t h€owplingirrisamaynbel sonnesctethttenasingle edudl-bahdt fratélingt ciacuit second

frequency ban@.&sggéd%f‘g’&\bi&é)& Iféa%téiﬁ"liﬂéd rien hée taamatdﬂp'tﬂéieazﬁe ytch 5
ciroutt porti Shubte HE RS oiimGRieRtion Aebich o Lﬁésetesli‘.ﬁﬁ EF Andpeomd 1 ¢ ot
mat chi ng ci r cfitequesegy: bandss @ﬂrltempazmmly,oﬁ\mtompimg davmmmagt include\a sweitchn t he
first frequeneitchizndupled B&%hﬁ&h&% ggm ﬁﬂaﬁar\fnfspahﬁese%Sﬁ& a{mﬁﬁcg' ng

circuit portlonf?r ggerat n of, on deyjce | n nd 10
frequency ban§*¢ ons eysé{’fl F’ﬁ?‘f‘ ‘Eou mlgePP'bé‘P BLfHISEr
surrounds at matching cucmtmnrhpn rfonbpttaémnomﬁwhhmamﬁmunmdﬂmncée\&ué imtle and

coupl es the ragitdFrequenty sawaﬁa c% Ih%'tfte hﬁw i@l fo the second m Eii\%ng' gnal s
fromthe matching, clrgcult %‘P cl rcui tlogfq% migg
optionally coﬁﬁg‘%fé’(?rﬁ o 5885”[“ n ?fgmef FRIMIR vice i the second

.[

ext ernal aHt efrgguency band. BRI EF DESCRI PTI ON O: THE DRAW NGS 20
The features, obj e yet aﬂﬂlradt\!ﬁBbéﬂﬁéxtOfa hBRcaPr r é\E}Y&ElIu?]é)

becone nore aﬁﬁﬁent f&} & de.t al. | edddescr%ug set for el ow v%en
taken in conj My FHCGh tﬁn}‘?k@n e‘foé‘ﬂ"??céh%htéfi&bters

i dentify corr &sguentiyraignals hveruf@h@m and wher ei n: FIG 1A is an
Illtﬁst L ation of amﬁé@@h&r&owm@mﬁdﬁﬁ%&ﬁ&hﬁehmc@ﬁ ?H&%@%loﬁn RS Use t
Wi e S n_i strati firs
enbodi men!tofin ﬁfngg\(%g%b B’ SPpgeted to %#8@%?& ’3 ?ﬂ?ﬁcﬂ’t“é‘?cf |?sg“w th an
exenpl ary por exisreal radennae | ephone; FIG 2Ais an illustration of
one enbodi nent of the coupling el ements of the present invention; 30
FIG 2Bis an illust raBMEFODESCRIP’H(HWOFﬂHQE'IDMMNG@ coupl i ng
el enents of the present invention; FIG 3Ais an illustration of

a second extbodi menTheffedtiiesAobjestsidand adéauBE@ oPthel BeesBhe $RVENticHY 8pf1i ON
interfacing Wobdyfe Bd:€ Ca&:pﬁ%? $tih e WReaMd description set forth below when
: taken in conjunction with the drawings in which like reference characters -
identify correspondingly throughout and wherein:
FIG. 1A is an illustration of an exemplary portable radiotelephone
25 suitable for use with the present invention;

FIG 1B is an illustration of a first embodiment antenna coupler of the
present invention interfacing with an exemplary portable radiotelephone;

FIG. 2A is an illustration of one embodiment of the coupling
elements of the present invention;

30 FIG. 2B is an illustration of an alternate embodiment of the coupling
elements of the present invention;

FIG. 3A is an illustration of a second embodiment of the antenna
coupler of the present invention interfacing with a direct connection to an
exemplary portable radiotelephone antenna, shown in a partially cut-away

35 view;

FIG. 3B is an illustration of a second embodiment of the coupling
elements of the present invention interfacing with a direct connection to an
internal component of an exemplary portable radiotelephone;



exenpl ary portabl e radi otel ephone antenna, shown in a partially cut-away 35
view, a FIG 3B is an illustration of a second enbodi nent of the
coupl i ng el enents of the present invention interfacing with a direct
connection to an i nternal conponent of an exenplary portable

radi ot el ephowessrs32s WD 98/.25323 PCT/USY7/21600

PCT/ US97/ 21600 4 4 FIG 4A
is an illustration of a third enbodi ment "ant enna coupl er of t he
present i nventi onFIG. dfeisfarcilhgtrativh hof athirdeeathodimpnt paténabl eoupler of

radi ot el ephonghe anffesent inventiofr! Cintéfadiie aNwith! Uh' & e?ﬁh t hd cal
coupl er of thﬁ%{:{.hgl;g S ganb‘glclli (r)rent oéﬁ?‘lhnzgp?gg%‘nt ai|;‘nv%)$1t| 1%;51 n[}gorr%%(l:% ng
with an ant enfifligfeleghone;and, o i ary portabl e radi ot el ephone:

FIG 5Ais an ill uBlG.aéBois ah dihesteatiomdicfethe ofelicab ebuplerb@fdthe thigbupl i ng
el enents ofg t BRHBABRERY of BYE PhdsRRt i inn 3 ; i Ll uskration of
an alternative enbf)di meﬁct bf)f Bt%sgﬂtdf%‘oﬁnhfg ggﬁﬁ%‘%ﬁpﬁg%@%&%ﬁ%%’gfaq he
present i nvenfXgRplary portable radiqtelephione; 5 functional bl ock di agram of a
dual - band mat chi ngFléi.rAliis an illusteatiosi tdf dbhe embedintertouplibe diaFbdisd 3A

3B, 4A, and 4Byupling elements 5t & sentiiRvahdigi.nat i ve enbodi ment of the
SR ' eué%egénw tvaf‘ (gr{’antenna coupler of FIGs. 3A

dual - band nat chi'n Lguit ) )
38, 4A and 4B, 15F1C. 5B 1s an illustrasions of ep siesnnfiver|abadiment: qfb ERRED
EVMBODI MENTIS - band couplingRefesremitngf the pietentliByerttidri;r st enbodi nent of the
antenna coupler 1 0k i ' t L .oun l.ane
102, abutting v%'?ifng 1§?thﬁr}gﬁor{¥i E’%P%ﬁ%g oﬁli %fgag d%ggp%%giﬁgﬁggoﬁf)ﬁlﬁg
el enents 204a“SSOWHD HpFnEgRa coyplst RHFIGS. 34, A8, Shend #id 206b, and opt i onal
ground pin 206c. JGpFiingneltermative edfbiaiiment o2fbdudiband Gdstching dfgiier abl y
const ruct ed 0liddPiAthAk itehificBiiplef b YRSk BANYS, AL and 48 conducti ve

I ke.

mat eri al , ch as copper, steel,” or the en portable 25

r adi ot el ephone 200 i§gh it L caupl ] couplin

el ement s 204a, 204b,ﬁ§32*1§%é@°ﬁ§3§%§?ﬁ{ﬁ§23€;. b PREFRRRED D0, "o

port abl e r adi ot el ephone 200 aBMBQIBMMENTESgnal s to and from ant enna
204. Coupling el enents 204a, 204b, and 204c are constructed and

posi tioned in Refeming tR:KIG: ARt 2 fietremphadimgntof thei astennantmmplent® ofs

i nt er f ace0wi the presentriav@tiorccampriseslfiound platd 102, abatiRip verlldlogrotadb, and
ono- quar tor op R Pomiofs 16kl 106, cpBblY sicafils A4S 200 BRDIRE ERVRY
that antenna E’E)‘ﬁg a&ﬁ%ﬁ@r@fo@%}]gmund pin 206c. Coupling elements 204a,

204b, and 204c¢ are preferably constructed of vertically facing, curved bands of

a conductive material, such as copper, steel, or the like. When portable

25 radiotelephone 200 is interfaced with antenna coupler 100, coupling

elements 204a, 204b, and 204c receive retracted helix antenna 204 of portable

radiotelephone 200 and couple RF signals to and from antenna 204.

Coupling elements 204a, 204b, and 204c are constructed and positioned in

such a way that when portable radiotelephone 200 is interfaced with antenna

30 coupler 100, coupling elements 204a, 204b, and 204c extend in a semi-circular

array, each covering approximately one-quarter of the circumference of

antenna 204. It should be noted that antenna 204 may also be of a non-

helical construction as is known in the art, such as a rod or loop antenna. It

should also be noted that portable radiotelephone 200 may generally be any

35 type of mobile communication device, such as a cellular or PCS
radiotelephone, or a wireless local loop communication device.

Coupling elements 204a, 204b, and 204c are mounted at a respective

coupler base to ground plane 102. In the preferred embodiment, ground

plane 102 is a double-sided printed wiring board (PWB). However, a single-




helical construction as is known in the art, such as a rod or |oop antenna.
| t ‘* shoul d al so be noted that portable radlotelephone 200 may generally
be-any 35 type of nobile comunication device, such as a cellular or PCS
radi ot el ephone, or a wireless |ocal |oop comruni cation device.

Coupl i ng el aggbpdsEsza04a, 204b, and 204c are nounted at a r ®ESpAISYI21600
coupl er base to ground plane 102. In thegpreferred enbodi nent, ground

pl ane 102 is a doubl e-sided printed mnrlng board (PWB). However, a single-
WO 98/ 25323 sided PWB would also provide an adequate construction for gmndjg@amglaoo

5| si degogﬂﬁ WP4dh Cbaa{) BO4tELE with gq Fc&%ﬁ:ﬁﬁf@?ﬁthféﬁaﬁ O[Gﬂfxﬁwd
pl ane e base coate of _copduct
material . G om?ﬁ‘e 192 P‘Qﬁ 5 FHIDPIGYFH SETYR Pﬁ%‘r kaelglE reé‘F’('ﬁyn “%%}MPF
energy from a2idenman grouﬁd4r¢feremcgr poimdi meithén e portablei mdmeﬂttphomor?@abl e

radi ot el eplongpg cﬁl%ﬁamt %io%d e@&h& PRkt SHL Y arktl walesrséfv@nt% ﬁﬂgﬁgﬂz ég6t .

al so serve to urn_ path for m

a ground ref eﬂ@%“"i%l’ath f‘frglg?(ﬂ‘ﬁa’pﬁgﬁbaﬁt?@m% ‘? E%Ferﬁf’o’ﬁhd

pl ane porti onratidtelephone RO t iAbutting nverhsalbsgmundalpllgnqoqnahbnl 1841 Engenent

Wi th respect bosifoh&P in a sibithiel BQ@&I]@F%?raEx ehB)with Fge@t®) aPhpne 200

Verticar gy ouftFEIE 20A er EIGnIB) Y reciotslepione cHE WERR! e FodiaiieBhRie. i y

or t hogonal10possed withvirténnacsmpler 100. aqdmtbnggrerncal \gptmol glargr portibrpléthe

portion 104 tﬁ. Gfedih &‘Qﬁﬁ&téﬂﬁhl B Aﬁ% %ﬁgﬂm w1ﬂpfe§g&tﬁé?rabh&ﬁ\g106 I n
104

a substanti all al | el sition udi nal® axi s

of antenna 20¥ gﬁ‘?@d e Egrtlon BRI £ r om
ant enna 204, planleepsmomnéoﬁ)fm a substaptially Imreﬂelnpgmﬁonam@a@,peah@ 204cC is

electrically j&@kﬁaﬁﬁlwwgh%g 204 (Sdglpl@empz G ound pl ane 102 al so
serves to el ectricall d tiopally)
206c to at™] east gqerc%ﬂﬁ?‘r‘ﬁ gfee?ﬁg‘?’igg ff‘b‘& an&nhazg@g PFBS g Q’hat S
to say that eeeupl t;fg ejements m%szmﬁanéme isgelecimigalhy isqlatad framograund at

| east one of gpiplioRg Gibane l&n@@@aﬁ@é@rﬁ@%@l&cﬁﬁaﬂ?rﬁbu le gehitd piksl

d pot ent ded
for coupli ng %64 w2 ﬁ“%?%pf?%n IR 2P 2 Rafl it BE Euﬁﬁ%%be?e P20 | oung
pi ns 206a, 208¥b, and 208pt Thakis ip spoBwt reachy of grewrd é’l’gﬁ' 206/:2066, gerwub| e
radi ot el efdgonplad@0L0228nd at least e SR @Buplitigy eledidins 120d8-204sHike Ghe tsathe

I I f | G
o in B G egﬁf%%lggpé%@‘%& sntial Amaéﬁeﬁg%‘ﬂé%%b arﬁﬁedo}ec?%a%f et her
and el ectri caPF‘in‘#%‘ngJt‘é’& JHbsignals to ap afﬁ@nlwe%.z% XGﬁﬁ%%‘ftB’FS 204c
is connected gtounpins znﬁagzuﬂh)dndl(apleanbﬂl?) 206¢ tofacuitablprgrbuhd angrurtabieon

utilizing theaqiég% ohE‘ g@tlon RF signals from 30 portable
r adi ot el epzhjone E are transmtted OVF 0)4
exemp ary co ection scheme of the couplin ements 204a-204c

of the present invention is seen in FIG. 2A. In FIG. 2A, coupling elements
204a and 204b are connected together, and electrically isolated from ground
plane 102, while connector 204c is connected directly to ground plane 102.
For signal transmission utilizing the present invention, RF signals from
30 portable radiotelephone 200 (see FIG. 1B) are transmitted over the air by
antenna 204. Coupling elements 204a and 204b couple off the RF energy
from antenna 204 and pass it to matching circuit 110 which provides an
impedance match between power booster 302 and antenna coupler 100.
Optional power booster 302 increases the power of the RF signal coupled
35 from antenna 204 and passes the resulting high-power signal to external
antenna 304 for over-the-air transmission. For reception, the reverse signal
flow occurs. RF signals received by external antenna 304 are optionally
passed through power booster 302 and matching circuit 110 to coupling



antenna 204. Coupling el enents 204a and 204b couple off the RF energy

from antenna 204 and pass it to matching circuit 110 which provides an

i npedance match bet ween power booster 302 and ant enna coupl er 100.

Opti onal power booster 302 increases the power of the RF signal coupled 35
from ant ennayg@@gsazyd passes the resulting high-power signalcrivgemksr nal
antenna 304 for over-the-air transm ssiog. For reception, the reverse

si gnal fl ow occurs. RF signals received by external antenna 304 are
optionally elepsnis94a hnd204b pdeee thecigrial en&@y isooupted ddiiantenmiar 204 6f 110 t o

coupling 0%ortable: rifoftBphedd 200.
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and 204b where t hé™® F§Fﬂ\ati¥ﬁ§f)ﬁ?eqti§’n(§6hﬁ‘f“§d’fttbe &ﬂ‘tlglliﬁ%leg@‘!ﬁ’ﬁf 204a-204c5r t abl e
radi ot el ephorie illograted in FIG. 2B. HG. 2B i sintilar ctocEith @4, | exvepstothatrit 13f thiche

coupling eber@tes w84 @nuplAg clementss 2044 HAAE Wit HrEbottP cohh@ed ol S
simlar to FIG_ 2A, 1exc @% tgat It.is the b outer two coupﬁlng el ements,
204a and 204cSRHPAPIERE 19%,@Rd QiR dhe é@‘%focoup%ﬁfﬁmtpm&hés sleztrically onl y
the inner coupblatey fzomrground Pline H2eindotanneeted to matchingotiatugei110. oThigr ound
pl ane 102 an NQFd e R ' | s | . |,ve
arr angenent gaflféilﬂcg %ﬂ%ﬁgsé di ?g%.t %Rl@ﬁ%ﬁtéff%%g%@@? E%Ctﬁ?ggé ﬁ.lﬁ%r{]%ét of
FIG 2A and ‘?f'aﬁ ez‘%o JAK% 881 BT rsuH-P‘PlﬁeE%n#lf{f?ﬁ@?taPPﬁr@hnse&%m}cno
ranges or ldntranges et antenna elguctures. Referring now to FIG 1B, ground
pins 206a and 206lRpEe tehigmg! t : I 202a
and 202b (see_E Gl;lﬁti] §f%&9 t{)zft;ﬂ@em' groflg i%ﬁ%;g% %F]‘P§ 0, %?rslegée a(lalse
assenbl y scre‘fﬁ?kaﬁ n&t a@sgex?mﬁgr Priewsnf2a andg Est?ﬁa t 1) i eretableot
shown) encl ostadiptelephome @00.al Sincergbesenasseniblyl Screper paidteate atheoireteadlone
200, they i nMulgtforidiheliodall (0t WREHm) MaciiRigNthe intedh] n#O Wy er 100
and portagjt;e rag%bﬁte th ne 20 t hough thefe 1s t'w/pl y no direct
contact bevwdeh eeraégggfﬁﬁ’fvng ey ABRTAYR) thy) sppiagt betwepn the greund

r adi ot el ephorff ardennenepupier 106t andhportabile coadioteleptemriec200nt Althenginahere is (EM )
shi el g_(._ not f manynbh@ir@&r&n@atc%%&vt_ ééil{@t@aie,ée%h 1?%?%@%0&2%1%%%%£ 20
providing su | referred, enmbadi ment,
ground pins ggdbgé;gagéﬁgerﬁglro glgs%draiﬂg- Fb"aéf@&“&ag @ﬁ@%aw%’am“? EBMEct with
assenbl y scr dEMIpgbigld; (npt shown) sthecscrris passythrough dheledgesooktizoshield; be
desi gned 20ciprokilingsaffibient sproand poRatiand B02he Mpkdfested cembBRYREAR!

B
contact with ?ﬁr?sr i . | [ ect ,.contac .,.al so be
made bet ween %rﬁgn& oun%lagyez%fﬁéwloatdﬁ% t? ﬁ&?’%at:gg UWEE#H%’(Sﬁt abl e
radi ot el ephorﬂéseml%ﬁ%?r%?mgr%ao% nAltematively, radictelephere; 260 mag bewi t h
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the internal ground of portable radiotelephone 200 through ground pin 206c,
which makes contact with battery ground port 208 of portable
radiotelephone 200. In this optional configuration, coupling between the
internal ground of portable radiotelephone 200 and ground plane 102 may
30 also be accomplished. It should be understood that although the exemplary
embodiment illustrated in FIG. 1 comprises three ground pins 206a, 206b,
and 206c, alternate embodiments may comprise more or fewer pins to
accomplish the same function.
In a second embodiment of the antenna coupler of the present
35 invention shown in FIGs. 3A and 3B, coupling elements 204a, 204b, and 204c
of FIG. 1 are replaced with a direct contact coupling pin 404. Direct contact
coupling pin 404 is mounted to, but electrically isolated from, ground plane
102. Direct contact coupling pin 404 makes physical contact with an internal
component in the RF chain of radiotelephone 200. For example, if antenna




30 also be acconplished. It should be understood that although the

exenpl ary enbodi nent illustrated in FIG 1 conprises three ground pins
206a, 206b, and 206c, alternate enbodi ments nay conprise nore or fewer
pins to acconpl i sh the sanme function. In a second enbodi ment
of the antenwsosesspd er of the present 35 invention shown por/dSofsieco3A and
3B, coupling el enents 204a, 204b, and 204c of FIG 1 are replaced with
a direct contact coupling pin 404. Direct contact coupling pin 404 is
mount ed to, bdP4 d¢ @orasedain yan dmudatick fmaterialyr suchd apl plastic, direlbdZonfict ect
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i nternal t1® pmdiatslephondi200@s shhwmnein2€ither[FICR 8A or 3B obeiiter theoheed ot | NQ
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as shown in ey her. nee I pl e
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r, 3B obvi.at.es e
. c?cﬂ%a%’eggwrl' A Mé Hﬁé'-“ﬁ? thaj antenpa 204 may Bgown i n
FIGs. 1 and 29of aganrhelical design dutte anetred orHatp antotheraadnacdesign as is of a
non- hel i cal draéwhn ia4RE@atts a rod or | oop or other antenna design as is
known in t art.

5 g IR.a third enpodi nent, of the anten coupl er
100 Shown 1 i Gs.ﬂ‘fAthfrd eraﬁaaﬁnf&&aﬁf A0 GRERISE B FRo9R4E Rk B
repl aced by aaqnfgﬁB(paupbgg glesperg9204a-204c payt e xeplaved biymelicalrempleraoaabl e
radi ot el ephonin 289 ensbddiirehf, awhenhértable radibieldplbre0O2 £ n&a@aceanévgtzfﬁa 204
Is inserted aj émrt?%n%}te%észwi \I\A'[QI%% rislical %8% 504.
Hel i cal coupler 504 is prefera X Corstr Gct & 2Preri do b \a¥isy re
such as coppeWithit diglical, coupler 50%c Helical soppleng5tdsis preferablynpoinistiuetedover
the air, <i0mfrem u dondubiive ofire otigh a8 opperTERES 02QAa-IARICRE couplingeyser, in
contrast tot ﬁﬁmhg& I @Y oupl i n gl enent s
204a- 204c as %8 I n FIE)%IEIll ?{e ﬁg’ | cé?g}%gt&%ﬁgfgfsf)%%oﬁpgg 204a- 1 fr ounds
antenna 204. RPESYEhdR cHrash i tBp s5pU-Grsuler ARy emangemest feepupling 25
ground pl ane dementsh@04aReMdi aeshowh i GAG. 4A helidal4 Botipier d5047 eo@iplet
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suitabl e f@r di ren ratl ng {reguenc es or ~antehna, structures.
b groung glane %" The odiient of FICs: 4A and 4B has different RF
characteristics than that of FIGs. 1A and 1B or 3A and 3B, and may be more
suitable for different operating frequency ranges or antenna structures.
Often, portable radiotelephone 200 is designed to operate in two
separate frequency bands, such as operation in one frequency band
30 designated for personal communications system (PCS) and a second
frequency band designated for cellular telephone operation. When portable
radiotelephone 200 is operational.in two bands, it is desirable to provide
appropriate matching circuits for antenna coupler 100 to maximize
performance in each of the two bands. Some prior art portable
35 radiotelephones include a terminal for direct coupling between the RF
circuitry of the radiotelephone and an external antenna. A switch (not
shown) inside the radiotelephone enables operation with the internal
antenna or external antenna. However, the internal switch results in an
insertion loss and subsequent decrease in RF output even when the portable
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desi gnated for personal comrunications system (PCS) and a second
frequency band designated for cellular tel ephone operation. Wen portable
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appropriate matching circuits for antenng coupler 100 to nmaxi m ze
performance in each of the two bands. Sone prior art portable 35
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FIG 1B) Lo amiafihg @R iR 604 BQn&'tWO@Zinfbtc@@?g cﬁeitaﬂ 60055 5 Go G Felf | 602
S esig na or_operation.at frgguencies in a
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a band two bandygnehmatrhing (@ifcuits 602 apdnbandvdwieanaltching ceiraut 1606 0drei s
ges ij gn_(la_ﬂ to neupled to a seedtersVRitad0606! CEelﬁ:;P&fﬁ&i:t&ﬂs_@d sééécgﬂﬁ?éaﬁié éifPoxﬁ second
and. e jqut o ching,circuit n t wo
mat chi ng c1 |gr C(lg}li% &6%% bchel nf%ﬂﬁgoéqu’%fﬁe%tf?ro&é‘%gggégteé."erg%'i’% .~ Sel ector
switch 606 sel ect Selegior sutiishi606 may hernyoiype of switchivg evinetsubh aga blockui t s
for coupli Pg diplﬁ@,emf swittl trenstfission line diplexer, SeAragsdter sﬁgizﬁ, séhfe rrﬁy be
any type o ds C ; .di ode .swi tch,
transm ssi onseiﬁi' %ﬁf@l e%:é, (Htl?gﬁgﬁagﬁgfof?hvf%&nﬁgggg\}%{mu}ﬁ f‘gﬁ‘fl ,_lsor t he
li ke. The opeV&ti 1n ae @rt apg dised gipdl besdpsceihedhdn greater detajlsherein.ye |
known in 2f8e Alsb shownnedliGnSA ibandgtivhabexteinal goetpsles08dfer ablectoe saiith 20
Al'so shown i negel GyithAis cptioRRl eRRALLRMLE" ; ELOT
switch 606. V\Kl%‘gbt hi, sdiﬁloé_i oﬁgﬁgﬁéﬁnﬁf&%l@ Sgpg‘wﬁs’%%a%%ﬁ y be
digitally  CORERUFA Ve“bgfl?&p PEhBPakle sadipteiephone 200q; A% & kpavsndnbe. " As i s
known in the art, dual-bandi yadiotrierhanaslitppicalbpinehele h\sptiabbligprtnsdrédehiehseri al
output port vagBe used tH288nk8] S8RA'BLHI %gﬁal ed to
opt i onal ggt eﬁroggl.ngont L% 25a .,”g8n 6Thu§1,qb sel gceta?trs%%vﬁ@gh% r%ac)?}%eul
contr ol | ed by*%i fhys, Sﬁféﬁé’hﬁwé% b@ may be controlled by signals generated by
portable radiotelephone 200. ‘
An alternative connection scheme for coupling elements 204a-204c is
illustrated in FIG. 5B. The operation of the circuit of FIG. 5B is identical to
that of FIG. 5A, except that outer coupling element 204a is electrically
30 connected to ground plane 102 in FIG. 5B while outer coupling element 204c
is electrically isolated from ground plane and is used to couple RF energy
from antenna 204 to band two matching circuit 604. The alternative
arrangement of FIG. 5B has different RF characteristics than that of FIG. 24,
and may be more suitable for different operating frequency ranges or
35 antenna structures.
The dual-band matching circuit of the present invention is also useful
with embodiments of antenna coupler 100 illustrated in FIGs. 3A, 3B, 4A,
and 4B. In the embodiments of antenna coupler 100 illustrated in FIGs. 5A
and 5B, separate inputs are provided to band one matching circuit 602 and
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PP matching c?ircu?t 604. ow%ver, e advantage o the smgle du -band

matching circuit 800 is that it eliminates the need for selector switch 606 and
switching circuit 702 if antenna coupler 100 uses single antenna lead 700.
However, there are techniques to optimize performance of dual-band
matching circuit 800. For operation with helical coupler 504 (see FIGs. 4A
30 and 4B), helical coupler 504 can be optimized for dual-band operation with
antenna 204. Alternatively, dual-band matching circuit 800 can be optimized
for performance over two frequency bands through the use of lumped
passive components or through the use of transmission line matching using
tuning stubs 802 and 804 as resonators for PCS and cellular band operation,
35 respectively.

In each of the above embodiments, antenna coupler 100 may be
encased in a plastic or other non-conductive housing assembly 300 or the
like in order to protect coupling elements 204a-204c, ground pins 206a-206¢
and ground plane 102 from damage, and to provide support for the structure
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principles defined herein may be applied to other enbodi nents w t hout
t he use of tf\emi‘mntive facul ty. Thus, the present invention is not
intended to belimted to the enbodi nents shown herein but is to be

accorded the wi dest scope consistent 20 with the principles and novel
features disclosed herein.
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CLAI M5 RAIRRLIIR KR e Bnna coupling device for coupling
radio 2 frequency signals from’a conmunication device having an antenna
and at wbhesssszone external ly accessi bl e ground poi nt ,PaIEsImzIGeLINI cat i on
device 4 operable in two frequency bapgls, the antenna coupling device
conpri si ng: a ground pl ane having an upper surface; 6

an antenna coupl er nmounted on said gr Bl ane upper surface, for

coupling radio signals to gnd fromthe cogmunication,device. 8 ar&tenna;
at |east one ground pihn, cotpl BRteNBas SWPHREe deVies ofoX foupling 141y ound
pl ane, fof cdregaendynsjgnle fmm lacastmonicationedenité havingears iabtenngr anchat

point; and 1%e,ct one externally é’cc%ﬁﬂ@i Su{é&_r otht ﬂ{éugé)ﬁt‘ilnﬁﬁc%xg_ gedigana

coupler to generate, a predeter ed inpedanc mat ch saj d antenna
coupler t& twge@iﬁe Ebﬁ\‘ﬁjff?&‘é@%ﬁ’a&é@i@é FRURHNE SEKICEFCOPHEISIRE st and
second frequency Dgrosind plane having an upper sfirface;The coupl i ng devi ce of
claim 1 gherein said a{amma%o@ﬁ@p%ﬂﬁiew%a Sk AR PHARN GpR! ! N0
vertical portions unted, on sai d, u r surjace; sald'tirst "and second
abutting ver SPEase 5o €9 85@31‘&; Slgﬂalsp@sg'?‘féﬁ?é‘& § cenupHBicaHen afieyice

ort hogonalg r en#dnrap to each other and to said upper surface.

3. The coupling devigq.t ofib Bﬁﬂd\lﬁ?ﬁ[@d 16ditd sHRf ﬁ?ﬂ)élgsul?ace%fréé‘iat
conprises ~a firs tctyng cicfcult ogoeratlon H t he |,

communi o301 0B EPten oF fontagting theat {98 Pre qassreplly Argessiiie szowrdond 4
mat chi ng ci r goint; and operati on of the conmuni cation device in a second of

the two fipequency bandSmatching circuit coupled td'said ahPGinEUdRbleA %o GRHbGE #f Clai m
3 wherei r}bsai d {i rstiélga:dn? 2 g%%ur%dcwn’é)t% [ ng;ﬁiarcui ts egch %%\% &
] I

a
i ndependent GHEGUEE gpedapee  to f FVERRR2 | ARYRIST ndo an%l ection
circuit dduplcethmunisatich fdevide amiinsaabredch of thetfidt agdcsecond tfreguepay

term nals towpapl € a sel ected one of said I ndependent out put
termnals to a device output termnal. 5. The coupling
device of claim1l wherein said antenna

: 2. The coupling device of claim 1 wherein said ground

2 plane includes first and second abutting vertical portions mounted on said
upper surface, said first and second abutting vertical portions being

4 positioned in a substantially orthogonal relation to each other and to said
upper surface.

3. The coupling device of claim 1 wherein said matching

2 circuit comprises a first matching circuit for operation of the

communication device in a first of the two frequency bands and a second

4 matching circuit for operation of the communication device in a second of
the two frequency bands.

4. The coupling device of claim 3 wherein said first and

2 second matching circuits each have an independent output terminal, the

coupler further including a selection circuit coupled to said first and second

4 matching circuit output terminals to couple a selected one of said
independent output terminals to a device output terminal.

5. The coupling device of claim 1 wherein said antenna
2  coupler comprises a plurality of upward facing curved bands of metal, a first
of said curved bands being electrically isolated from said ground plane to



2 coupl er conprises ' f.upward facing curved bands of netal, a
first - of said Hmﬂmm%gu;ﬁg electrically isolated fromsaid
ground pl ane to ] 23
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communi cation device is operating in a {jrst of the two frequency bands, 6
a second of said curved bands being electrically isolated fromsaid ground
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I Sard 11 ¢ SPP ERRERG) HARR AP &SRB ok A GHVRY, Breids,pf el Bing on

havi ng ad0i nplettricelyricoaghled do saitl @rote plasvenuni cati on device 6 antenna when
t he communi cations device is operating in said second frequency band,

said first matching circui ortign ipput termn el n 8. coupled to
said first of said cuffved %QE&?PPgﬁgé]@é@oﬂgchﬁPg’lh?"aﬁr r $qif gmatching, ¢ i o
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Wi th the coupbition devingean input terminal to matéh theThemoouptation ddessice of
coupl ed 1o sanad, YRR B dPrdvlaibhd ddvic B Spelen e;"ﬁﬁs‘%m el dance
to substanti %eﬂyerﬁzgt E?P%Seﬁaﬁpgfﬁte“‘ﬁgj‘ipg fgﬁﬁﬂﬁeﬁmﬁi@nt ﬁ'ép‘f:o gﬁﬁeﬁdevi ce
antenna a8 esewpled tohsrid ifirst ofiseidsewwad bandsf saiduseropdbmadehing circuit - .
9.  The cou Pbi-ti& Bt éenfhal HetgrouptBietdid S8tdhd G sak Brvéd BahBEUi t

conprises a first matching circurt portion for operation of the

communi cation device in a first of the two frequency bands and a second 4
mat ching circuit portiZen fdhesouphngodevice of clamniuwherein onidiantennd n a
second of 2t heotipter koppuiesry Mmetd Spint Siced A0 pariGt Phybiedl totithdtewithnedaldi ng a
6 switeh ci gk ROMRle dabAtY Rl IWHBh mP' RoAMludBhithd | iticants second

4 operable with the coupling device.

8. The coupling device of claim 7 wherein said matching

2 circuit is a dual-band matching circuit coupled to said antenna coupler to

generate a predetermined impedance to substantially match said antenna

4 coupler to the communication device antenna at each of the first and second
frequency bands.

9. The coupling device of claim 7 wherein said matching

2 circuit comprises a first matching circuit portion for operation of the
communication device in a first of the two frequency bands and a second

4 matching circuit portion for operation of the communication device in a
second of the two frequency bands, the coupling device further including a

6 switch circuit coupled between said metal pin and said first and second
matching circuit portions to select one of said first and second matching

8 circuits for operation with said antenna coupler, said switch circuit coupling
said metal pin to said first matching circuit portion for operation of the

10 communication device in said first frequency band and coupling said metal



mat chi ng ci rcyi i | ect one of said first and second matching 8
circuits for gmum”mllmmwﬂﬂfd antenna coupler, said switch circuit
[ gald netas pdns«o

coupl i ng said first matching circuit portion for
operation of the 10 conmmunication device in said first frequency band and
coupl i ng saiyd JERERS WD 98/ 25323 PCT/US97/21600
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1
second matching circuit portion for operation of the 12 comunication
devi ce in saipih stroswdd f seequdninatthing. circuit portion for operetionThed - &he enna
coupler Qb ClognMuni¥dtRinCddvidlindsaAd s8R fréquenlybaifl, conpri ses a hel i cal
wire for surrounding at |east a portion of the conmmuni cati on device
ant enna when the communication device is 4 operable with the coupling
devi ce. 10.  The antennampuplea ofcdaipt ilnwhedeni saidfantennaipl i ng
radio 2 freg fxeoﬁ{éﬂﬁaé 2 hdlRAl if® P AlrsSdddifg IR Vieast J‘g&ftglﬁl JF the't er nal

t t, | gast ternal | | t, th
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coupl er cdnpopsrable with the coupling device.a connector coupl eabl e to an external

antenna; 6 a ground pl ane having an upper surface and sized
to match the co ni cati on device; . . P an t enna _ coupl er
mount ed on said grouggﬂpl anth upptsnna  coupling, devige, - far, g 8r atAi%P si gnal s

bet ween t Be domguencysighals frieniaceonifunivation ievivechayingl amintermall areehsana
connector;  and at least one exté‘ﬂalgﬁaa'ééesﬁBfe g{-&lﬁﬂﬁ Jﬂhﬁ‘b , theURbAthdcsgbsd upper
surface of sza d 12 garb undtvgl ne, for c cting the eiternall accessible
ground poftnt de¥igg opefable in two frequency i gfnﬁ‘F{FLalﬁOPP %Lfﬁ%l%%g'said
ant enna coupl er to recerammetibr cohiplenbldito aiv e@demmat antehgaal s and to generate

a predet egm ned i_rrpedaagﬁ;&\a plane hi®hg AnS@igér 3RHRE @ SiEed 8 nhfch Re
conmuni cati on _devi ce tzlin g@na and said 16 xt ernal antenna connector at

each of the fPFERURGE"R X&Fefrequency bands. . 12. The
coupl i ng @evice of cl amanienmaeceuples anguntedudn said grownd plarieudyppet i r st

and second aluytfhéd)dfoY dduipling REES | HERalSTBEHVEER OfheS @bfimunicatikiPeBevidé f ace,
said fi rg and seconf)énab M vertl caloeﬁ‘%rt Lons being 4 positioned in a
a

tt
substanti-al | ?%%oad‘ %ﬁlclilre’e<1 loiﬂlt?wae.% Sﬁoﬁ’er and to said ground
pl ane upper surface. atleast one ground pin, goupledhdo saishHpper elvacecofofaid| ai m
11, further igehwdphéepfor contacting the externally accessible ground point; and

a matching circuit coupled to said antenna coupler to receive
14  the radio frequency signals and to generate a predetermined impedance to

match said antenna coupler to the communication device antenna and said
16 external antenna connector at each of the first and second frequency bands.

12 The coupling device of claim 11 wherein said ground

2 plane includes first and second abutting vertical portions mounted on said

upper surface, said first and second abutting vertical portions being

4 positioned in a substantially orthogonal relation to each other and to said
ground plane upper surface.

13. The coupling device of claim 11, further including an
2  external amplifier operationally coupled between said matching circuit and
said external antenna connector to amplify signals between the

4 communication device antenna and said external antenna connector.

14. The coupling device of claim 11 wherein said antenna
2 coupler comprises a plurality of upward facing curved metal bands, a first of
said metal bands being electrically isolated from said ground plane to couple



2 external ratlonally coupl ed between said matching circuit
and s'alw @w E a connector to anplify signals between the 4
conmmruni cat i on* devi @ and sai d external antenna connector.

14. The coupling device of claim1l wherein said antenna 2 coupler
conprises awplogpsski ty of upward facing curved netal bandsecTarsor2soo of

said nmetal bands being electrically isohgated fromsaid ground plane to
coupl e WO 98/ 25323

PCT/ US97/ #160adio signals between the communication device antenna and gaidrextexnadi gnal s

bet ween the qateRaiIwRed & étﬁﬁhﬁﬁu@dﬁcﬁ@née\ﬁﬂéjls's hedatirg B Adrst of thePRbENNa
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wherein said matching 2 circuit conprises a first matching circuit having
an input termnal to vi ce ant.enna.when the

communi cat i ons devi ce%tCthpcé’fugP‘f‘ﬁ qv?.pesgfﬁg Bétw STEM 83, Mp &nd a

second machicirguiticompirisesha firstgnatchinganirduifphaving eniinpiit terminak o tiagch

1 sai 0 sgcon feBERuRBR UM e efind WREATHE SRR alels Levite a0 21110
Lerminal foi SFeESERIB AL A8k FIPEIY; DI 314 pARSPRA TR CEt hAYARE chi ng
circuit inpuantiopnt termihel ﬁgmmlpﬂmdcqamnsmmtm sletticesantenna  wiemdhe

16. The Gourabm:d@a&m@@ detrice Ilétbﬁer%nghﬁ rssidnse%@mﬂ frt% ﬁ&(&?al%aﬁx%l s&idUfser
conprises a in_ s hysi c con Wi

communi cat i of3f a’VF ltelﬁﬁgg &?@nﬁge SR a‘il Wl%@ta i;aad %%r abl e
with the 8oupetond métphm circuit input terminal being coupfed te sid sesondianetad of
claim 16 whepbahd. said matching 2 circuit is a dual-band matching circuit
coupled to said antenna coupler to generate a predetertnined inpedance

to substantially match said antenna 4 _coupler to the communi cation device
antenna at each of thelbfr Jhegamplingodeyice of chajimgliophereiangpid antenna

18. The Qoupbiipigr detipeBedla mletdlnpihbsivbdrioi peridit physicahettact with the

communication device antenna when the communication device is

4 operable with the coupling device.

17.  The coupling device of claim 16 wherein said matching

2  circuit is a dual-band matching circuit coupled to said antenna coupler to

generate a predetermined impedance to substantially match said antenna

4 coupler to the communication device antenna at each of the first and second
frequency bands.

18.  The coupling device of claim 16 wherein said matching

2 circuit comprises a first matching circuit for operation of the
communication device in a first of the two frequency bands and a second

4 matching circuit for operation of the communication device in a second of
the two frequency bands, the coupling device further including a switch

6 circuit coupled between said metal pin and said first and second matching
circuits to select one of said first and second matching circuits for operation

8 with said antenna coupler, said switch circuit coupling said metal pin to said
first matching for operation of the communication device in said first



circuit st matching circuit for operation of the
commnl cat”ﬂmﬂmnﬁmmuzﬂﬂl rst of the two frequency bands and a second 4
mat ching citcdit 1f oM operati on of the comunication device in a second of
the two frequency bands, the coupling device further including a switch 6
circuit coupcdnbmasween said netal pin and said first andecwusmdieat chi ng
circuits to select one of said first anggsecond matching circuits for
operation 8 wth said antenna coupler, said switch circuit coupling said
met al pi ri0t o feegugncy band |an§tcompﬂmg|wgdmtabpm doisaid seconde madehingi foatt i on
devi ce in saighebdtich of the communic¥drP devied &8 said second fre%u cg band.
PCT/ US97/ 2160 frequency band
and coupling said nmetal pin to said second natching for - operation of
the communi cation devit® i Mheaantesns eodpler axfudaioy 1bamberein said antenna
19.  The gnt %ﬁ?léi%;ﬁ‘iseﬁ’fa ﬁélfeamv&&e\mﬁgﬁér& g amesan@ rﬁs&lﬂgltﬁ@

eas

conpri ses a hel

cal r surr undi n of the,
comuni cat i orFOHHVPB’é:V\%ﬂ?eﬁﬁé{mﬁhéﬂ nﬂ'@at o g@ 0 ‘ge‘zce dfer abl e
with t he douppenaplelaxiticthe coupling dev1ce The coupl i ng devi ce of
claim 1l wherein said matching 2 «circuit has first and second out put
termnals for operatio i

second bands, respectif{el an{ehhgo"&’lu'(,gog%frpgeryg#a%%gﬁ ‘f’ﬁ‘l’:/‘i'eﬁlenshgl %‘r;gg{llﬁétsf oﬁnd
circuit c@upldutuito hasi firsti ad aewbnde cmtplut termimﬂspufort @peratidre 00 theupl e a
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opePat i on %f CPHBY%M ‘{B?Igﬁe??ﬁ%g‘of‘rf%‘:ﬁ; CP“PE‘% ?’? Cgsecﬁaﬁd and
sai d second owttput tergrinalaato ¢neiple) aswelestadedné of sepbfxaitland eécomldeoutput
conmmuni catg ONefRitialstd B debRe RELRC tdrkBAMOWEK M8 Grst output terminal being

selected for operation of the communication device in the first frequency

8 Dband and said second output terminal being selected for operation of the
communication device in the second frequency band.




