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11 FEB 2004 RADIO FREQUENCY COUPLER APPARATUS SUITABLE FOR USE IN A
MULTI-BAND WIRELESS COMMUNICATION DEVICE Field of the Invention The present invention
relates generally to signal couplers, and more particularly to a radio frequency (RF) coupler apparatus
suitable for 5 use in a multi-band wireless communication device, such as a dual band wireless
telephone. Background of the Invention 10 A dual band wireless telephone ig-gapailexgfgperating in
two communication systems, each characterized by a different frequency band. One existing dual

hand wireless tolRpI FRETIGE MDY P ClebaaRters kPR Gk yotem by
transmitting RF signals in a frequency band from 890 MHz to 915 MHz M and 15 the GSM
1800 digital system by tr%k%ﬂﬁ&@éﬁéﬁﬁh%ﬁ%@%%%ﬁ%@ﬁvm to 1785 MHz
("GSM 1800"). Another existing dual band wireless telephone operates in both the Advanced Mobile
Phone Service (AMPS) analog system by E‘ rg*t%nﬁq RF signals in a frequency band from 824 MHz
to 849 MHz ("AMPS 800") and the 1900 MHZ Time B‘i\//%? ﬂrMuItipIe Access (TDMA) 1S-136 digital
system by transmitting RF signals in a frequency band from 1850 MHz to 1910 MHz ("TDMA 1900"

or "D-AMPS 1900"). Pr gm-' ter LCU 0 of | band wireless,telephone is shown in
FIG. 1. The transmitterﬁfﬁ% 100linc Gdé@ églgég%%vv%%r%%f&r} .f%‘PTBQ%%WﬁE signals in a first
frequency band MR8 RACLIzsltarR feidsidreauanen(Bma;cuplaR Bppavat wsgulifEnlaG3to amplify RF

signals for gansiigsion MameseRARIESE QohARdnI RN 7t t nggsure the
power level of t%rté%nsssrqg'ltgthF signals, the . 11 IgETBegZOM %@é Qﬁcﬁ%g@augﬂgang
phone.

Background of the Invention

10 A dual band wireless telephone is capable of operating in two
communication systems, each characterized by a different frequency
band. One existing dual band wireless telephone operates in both the
Global Standard for Mobile (GSM) digital system by transmitting RF
signals in a frequency band from 890 MHz to 915 MHz (“GSM 900”) and

15 the GSM 1800 digital system by transmitting RF signals in a frequency
band from 1710 MHz to 1785 MHz (“GSM 1800"). Another existing dual
band wireless telephone operates in both the Advanced Mobile Phone
Service (AMPS) analog system by transmitting RF gignals in a frequency
band from 824 MHz to 8{';9 MHz (“AMPS 800") and the 1900 MHz Time

20 Division Multiple Access (TDMA) 1S-136 digital system by transmitting RF
signals in a frequency band from 1850 MHz to 1910 MHz (“TDMA 1900”
or “D-AMPS 1900").

Prior art transmitter circuitry 100 of a dual band wireless telephone
is shown in FIG. 1. The transmitter circuitry 100 includes RF power

25 amplifier 102 to amplify RF signals in a first frequency band TX BAND 1
for transmission at an antenna, and RF power amplifier 103 to amplify RF
signals for transmission in a second frequency band TX BAND 2 at the
antenna. To measure the power level of the transmitted RF signals, the




transmitter circuitry 100 uses a RF coupler apparatus 104 with two separate transmission line
coupling structures 106 and 107, which are coupled in parallel at a summing junction 108 via
respective detection diodes 110 and 111 of a RF power detector 109. Each of the coupling 5.
structures 106 and 107 have a coupler (i.e., couplers 112 and 113) and a termination device (i.e.,
termination devices 114 and 115). The RF power detector 109 outputs a RFlathEPsiﬁﬂgﬁ which has
an amplitude related to the amplitude of the RF signals output by RF power amplifier 102 or 103. The
RF detect signdla§ siudienaimtitoy theOpesesr 4Rl covwharatratatdeidOdawitiwivetess telephone

transmits. The ggpg(pggquéa&qﬁ@g%]%% rg&ﬁ@é%%gﬁaqre%:t@mﬁé ge‘-ﬁ;t%h} 9 include one

detection diode per coupling structure. It can De en'the dUBFBANE wireless
telephone is poPRHMES MBARKeI @t ansumatingiunetids (tOG vieniespentivedetectiomt. Modifying 15
the RF power dgtasdar 129 &idmaving (e psyBmRGbeets ' Y] Power detector
109 (i.e., to the anode of detection diode 1% and removing%%%se é%@téfr%o%%iﬁ/ould result in

an unacceptat EatIBRAE 388 FARL AU SR B Hi FonrauRiess b 2 G chihdi® anthiation in the
sensitivity of thesRhimeus delessal.40%eRihBRer s, nRk mnesded 45 afife goERIsh,apparatus that

components in LA er UL B SENEE BG4 EHDITRER AbA BPUASIARR FIG. 1 i a
schematic diagtaihdlastiaiitag e oo tirstREUNIS oatsutbY RFHEWhangiwkelrss flephone, the
Siructores jomelL i P I S B G AR W NG rs e
10  dual band wireless telephone transmits.
The RF coupler apparatus 104 requires that the RF power detector
109 include one detection diode per coupling structure. It can be
appreciated that when the dual band wireless telephone is portable or
hand-held, an important goal is to minimize component count. Modifying
15 the RF power detector 109 by moving the summing junction 108 to the
input of the RF power detector 109 (i.e., to the anode of detection diode
110) and removing the detection diode 111 would result in an
unacceptable RF voliage loss at the input of the RF power detector 109
and a reduction in the sensitivity of the RF power detector 109.
20  Therefore, what is needed is a RF coupler apparatus that is suitable for
use in a multi-band wireless communication device and reduces
duplication of components in an RF power detector.




communication device operable in multiple communication systems; FIG. 3 is a schematic diagram

* illustrating transmitter circuitry of the 1o communication device of FIG. 2, theiconmgnigatian device
being a dual band wireless telephone, the transmitter circuitry employing a RF coupler apparatus
comprised of a single coupling structure having two couplers and a termination device, all serially
joined; FIG. 4 is a graph illustrating isolation versus frequency for a first 15 embodiment of the RF
coupler apparatus of FIG. 3, the first embodiment of the RF coupler apparatus of FIG. 3 coupling
signals transmitted in a frequency bRnefdseserimbanaiteM8vB0gsFIG. 5 is a graph illustrating
coupling versus frequency for the first embodiment of the RF coupler apparatus of FIG. 3, the first
embodiment 20 of the RF coupler apparatus of FIG. 3 coupling signals transmitted in the frequency
band associated with Ei#P$ 808 seieaticHiparam|illughahad igi@ntveasssitteuency for the first

embodiment ofdig RFy ¢9HRIBL PR Y i & Stete R HEHRERAALRSAE AitRE R coupler apparatus
of FIG. 3 coupling sighals transmitted in a 25 frequency band associated with TDMA 1900; FIG. 7 is a

graph illuskatirR] SRYING I EERONBIRIARDAGHHFCHIBP UsRERTi N EBPBTEIR CRURINGr apparatus of

FIG. 3, the firstsprobritsegsinef thepafarerpler apparatus of FIG. 3 coupling signals transmitted in the

frequency band associaged with TDMA 1900; 3Q FIG. 8 is a graph illustrating isolation versus
frequency for a seconfi’ @nfb Eﬂ?éfj]{ﬁgr R 8&%@?'%&%&?&%‘?@' ,qﬁﬁessecond 311 FEB
2004 embodimeotwhtimédafocodelécapparatls of MGtiBecopinysigani spstemiged in the frequency

P CRL e T,
10 communication device of FIG. 2, the communication device being a dual
band wireless telephone, the transmitter circuitry employing a RF coupler
apparatus comprised of a single coupling structure having two couplers
and a termination device, all serially joined;

FIG. 4 is a graph illustrating isolation versus frequency for a first

15 embodiment of the RF coupler apparatus of FIG. 3, the first embodiment
of the RF coupler apparatus of FIG. 3 coupling signals transmitted in a
frequency band associated with AMPS 800;

FIG. 5 is a graph illustrating coupling versus frequency for the first

embodiment of the RF coupler apparatus of FIG. 3, the first embodiment
20 of the RF coupler apparatus of FIG. 3 coupling signals transmitted in the
frequency band associated with AMPS 800; -

FIG. 6 is a graph illustrating isolation versus frequency for the first
embodiment of the RF coupler apparatus of FIG. 3, the first embodiment
of the RF coupler apparatus of FIG. 3 coupling signals transmitted in a

25 frequency band associated with TDMA 1900;

FIG. 7 is a graph illustrating coupling versus frequency for the first
embodiment of the RF coupler apparatus of FIG. 3, the first embodiment
of the RF coupler apparatus of FIG. 3 coupling signals transmitted in the
frequency band associated with TDMA 1900;

30 FIG. 8 is a graph illustrating isolation versus frequency for a second
embodiment of the RF coupler apparatus of FIG. 3, the second

\—v - — v T . ikt




5 embodiment of the RF coupler apparatus of FIG. 3 coupling signals transmitted in the frequency

- band associated with AMPS 800; FIG. 10 is a graph illustrating isolation versas]freggengyofor the
second embodiment of the RF coupler apparatus of FIG. 3, the second embodiment of the RF coupler
apparatus of FIG. 3 coupling signals 1o transmitted in the frequency band associated with TDMA
1900; FIG. 11 is a graph illustrating coupling versus frequency for the second embodiment of the RF
coupler apparatus of FIG. 3, the second embodiment of the RF coupler apparatus of FIG. 3 coupling
signals transmsitieddinteefisitherRy kaonglassppatatlwith FIBVA AQMNinpdidaalt2 is a schematic

diagram illustrating an,alternate .embodiment of the RE coupl ratus of FIG. 3 employing a
matching circﬁﬁlpg[@?tfé {8 ﬁ"&rgﬁﬂLﬁﬁﬁ?}’;’lﬂa‘{sﬁg%ﬁ%éwﬂ%fmge%gépor the RF coupler
apparatus of FIG. 12Ge9 ¢oapijrapbighsisdtmyseatipiha veesd® frequency banith@ssociated with
AMPS 800; FIG, 14 is a graph illustrati ling versus freque rthe RE _coupler apparatus of
FIG, 12 when 308 L CAL AL e SR A & S et B00: Fio, 15
is a graplsillustratiogineiatioh ther Ris ¢miplenapparatis RF FXG .cd apleplangpaigmadsof FIG. 12 when

coupling signas et IR R IRAMS O PALBRAAGAEA HNERMAGI 900: FIG. 16 is 2 graph

illustrating coupling versus frequency for the RF ‘coupler apparatus of FIG. 12 when coupling signals
transmitted in the freti@nts) isan@raptoilast@ing iseiatan vesuso maientsfardhdth chart diagram

illustrating impeAaiiee SHARSHRTBALISR tReriaFTeed M thp eI e Peni O HieREgRpler -4 11 FEB
2004 apparatus of FIG. 12 when coupling signals transmitted_in the frequency
embodiment of the RF coupler apparatus of FIG. 3 coupling signals

10  transmitted in the frequency band associated with TDMA 1900;

FIG. 11 is a graph illustrating coupling versus frequency for the
second embodiment of the RF coupler apparatus of FIG. 3, the second
embodiment of the RF coupler apparatus of FIG. 3 coupling signals
transmitted in the frequency band associated with TDMA 1900;

15 FIG. 12 is a schematic diagram illustrating an alternate
embodiment of the RF coupler apparatus of FIG. 3 employing a matching
circuit;

FIG. 13 is a graph illustrating isolation versus frequency for the RF
coupler apparatus of FIG. 12 when coupling signals transmitted in the

20 frequency band associated with AMPS 800;

FIG. 14 is a graph illustrating coupling versus frequency for the RF
coupler apparatus of FIG. 12 when coupling signals transmitted in the
frequency band associated with AMPS 800;

FIG. 15 is a graph illustrating isolation versus frequency for the RF

25  coupler apparatus of FIG. 12 when coupling signals transmitted in the
frequency band associated with TDMA 1900;

FIG. 16 is a graph illustrating coupling versus frequency for the RF
coupler apparatus of FIG. 12 when coupling signals transmitted in the
frequency band associated with TDMA 1900;

30 FIG. 17 is a Smith chart diagram illustrating impedance
transformation performed by the matching circuit of the RF coupler




band associated with TDMA 1900; FIG. 18 is a schematic diagram illustrating an alternate
+ embodiment of the matching circuit of FIG. 12 employing a single circuit 5 elemerEB-1S002 is a graph
illustrating isolation versus frequency for the RF coupler apparatus of FIG. 12 when using the
matching circuit of FIG. 18 and coupling signals transmitted in the frequency band associated with
AMPS 800; 10 FIG. 20 is a graph illustrating coupling versus frequency for the RF coupler apparatus
of FIG. 12 when using the matching circuit of FIG. 18 and coupling signals transmitted in the
IYGQEenCy bangbassatiated MiEh RWRERBGOUPIGY Zlgisaisgrapistittechimthsdletuanatsus frequency
or the RF 15 coupler apparatus .qf . n using the matching circuit of FIG. 18 and couplin
..Signals transnﬁﬁl&‘? ﬁst?fgg'f?g%?rem@}i@ﬂd* ?s\gggi’ated with TDMA 19%0; 20 FIG. 22 is a graph P
illustrating coupling vEI8us! BégjacssaheimatieedirgrasuplestapiiagaanL8ereatel 2 when using the
matching circuk% é é’l% ' | qr tted | - ociated with
TDMA 1900; l—i!]\ . § %a r‘?ﬂ}ﬁ %ﬁ%@g’éﬁgﬁﬁ&%ﬂ% ﬁrgp%}élaﬂfl%%ﬁ%:%%%ﬁnéa%ﬁerformed by the
matching gircu{@meIg,. 18 when used by the RF coupler apparatus of FIG. 12 during coupling of

signals transmitted 2%-{a the freguancy hand aasecasedivit A 808nEYGsr 2eaTrre schematic

diagrams illustrating additional alternate embodiments of the matchingi circuit of FIG, 12, each

employing mukRUPIeiaRERs 2s Rl ibult WiRpdIiRg e Gwtshing Srswt ol hiec Wagrams
llustrating altegpale o3 R RAGHARN A e ST TiRRsioRgeyinsy WanGadseadted with

AMPS 800;

10 FIG. 20 is a graph illustrating coupling versus frequency for the RF
coupler apparatus of FIG. 12 when using the matching circuit of FIG. 18
and coupling signals transmitted in the frequency band associated with
AMPS 800;

FIG. 21 is a graph illustrating isolation versus frequency for the RF

15  coupler apparatus of FIG. 12 when using the matching circuit of FIG. 18
and coupling signals transmitted in the frequency band associated with
TDMA 1900;

FIG. 22 is a graph illustrating coupling versus frequency for the RF
coupler apparatus of FIG. 12 when using the matching circuit of FIG. 18

20  and coupling signals transmitted in the frequency band associated with
TDMA 1900; .

FIG. 23 is a Smith chart diagram illustrating impedance
transformation performed by the matching circuit of FIG. 18 when used by
the RF coupler apparatus of FIG. 12 during coupling of signals transmitted

25  in the frequency band associated with TDMA 1900;

FIGs. 24-27 are schematic diagrams illustrating additional alternate
embodiments of the matching circuit of FIG. 12, each employing multiple
discrete surface mount components;

FIGs. 28-30 are schematic diagrams illustrating alternate

30 embodiments of the termination device of FIG. 3; and




-5 11 FEB 2004 FIG. 31 is a schematic diagram illustrating alternate transmitter circuitry for the

* communication device of FIG. 2, the communication device being an N bandiwirgtess ¢elephone, the
alternate transmitter circuitry employing an alternate embodiment of the RF coupler apparatus 5 of
FIG. 3. 1-( FEB 2004 Detailed Description of the Preferred Embodiments A radio frequency (RF)
coupler apparatus comprises a single coupling structure with two couplers and a termination device.
Each of 5 the couplers has a through-path coupling element and a coupled-path coupling element.
The through-path coupliGg ®leimerdatigheficstizguralerilisstretiad el tiorpass thagigmattbaving a frequency
in a first frequenc ban?. e through-path coypling el t.of the second coypler is operable to
pass a signal h(:éI\r/cly’rLIg'It y roerc-lIlIIIeen%?/rIInnI.IaIJISIECCacIIr?cI1 reg(\]/lljcéén&I/a %Iaa?ozo"li & 58@5?1%%%&‘ gth coupling element
of each of the evitsubtngtarcblUpsntheirsipsal iedeskdrey tteeraipecste tiarmsmhteath coupling

I .0 - - J I | I led | [ ith th
rmination oS- N A B e L o e g O e e coupled in

series withsthe @bbffedBpath 15 coupling element of the second coupler. By coupling the couplers in
series, the RF coupler apparatus is compatible with a RF power detector that uses a single detection
diode. A multi-band wireless communication device 200 is shown in FIG. 2. The communication
device 200 is operable in multiple communication 20 systems of which remote communication devices
202-205 are representative. In the illustrated embodiment, the communication device 200 is a AMPS
800/TDMA 1900 dual band wireless telephone and remote communication devices 202 and 203 are
AMPS 800 and TDMA 1900




wireless base stations, respectively. Although shown as a AMPS 25 800/TDMA 1900 dual band

- wireless telephone, the communication device 200 may alternatively be anottiér HEBI Baxdiwireless
telephone, such as, for example, a GSM 900/GSM 1800 dual band wireless telephone; a TDMA dual
band wireless telephone that operates in both the TDMA 1900 system and a 800 MHz TDMA 1S-136
digital system ("TDMA 800" or "D 30 AMPS 800"); a dual band wireless telephone that operates in
AMPS 800 and in a 1900 MHz Code Division Multiple Access (CDMA) IS-95 digital -7 11 FEB 2004
system ("CDMA 1900") or BefdlIbbADisst tptichvaf ¢hes B tefe plednErtisadoperdses in CDMA 1900 and a
800 MHz CDMA 1S-95 digital system. In the event that the communication device 200 is one of these
alternate dual band wireless telephones, remote communication devices 202 and 5 203 would be the
corresponding wirelegs raaie fseaticeTscyT (RO arampieicapoar s cotnujsssadiagisand wireless

telephone, comuGAS WIRAMPARLSIINIR SR aIeANaR AP deeR 20230 (03 via RF signals

on respective Commurication 7. The communication device 200 includes an antenna
210, a receivetiE coLptaraied sottieughepalh 20pin®AlRINSEE RN 21 0QsiIPERA the receiver 211,

@ user Inertace A QUAIRARNTROMIRATEHA PAGAIF FellARBANIBPYRL Asoualasldp the control

section 212 an tenna 210. The receiver 211 receives RF signals from communication link 206
or 207 througiftReeiAtieie PesASBaRAJMRYINEAHeaEaRNNS fshisaararav1BaRtbrmation from

the RF signalsdigh diglHdssisaiiplitdasnaiian anthsasdopldde oirssroepyrapieadnformation, is
provided by the receiver 211 to the control section 212. The control seg%[%(\)n 212 controls the user

interface 213 tB3RAEANRLNAYNSRTEEHEEPH O FREOR & RAYRASY RRMha/ I Yata received from
messagesnforgsiiste dlsithaislipheg@idnmit of each of the two couplers to couple the

signal passed by its respective through-path coupling element. One end
of the coupled-path coupling element of the first coupler coupled in series
with the termination device. The other end of the coupled-path coupling
element of the first coupler coupled in series with the coupled-path
15  coupling element of the second coupler. By coupling the couplers in
series, the RF coupler apparatus is compatible with a RF power detector
that uses a single detection diode.
A multi-band wireless communication device 200 is shown in FIG.
2. The communication device 200 is operable in multiple communication
20 systems of which remote communication devices 202-205 are
representative. In the illustrated embodiment, the communication device
200 is a AMPS 800/TDMA 1900 dual band wireless telephone and remote
communication devices 202 and 203 are AMPS 800 and TDMA 1900
wireless base stations, respectively. Although shown as a AMPS
800/TDMA 1900 dual band wireless telephone, the communication device
200 may alternatively be another dual band wireless telephone, such as,
for example, a GSM 900/GSM 1800 dual band wireless telephone; a
TDMA dual band wireless telephone that operates in both the TDMA 1900
system and a 800 MHz TDMA 1S-136 digital system (“TDMA 800" or “D-
AMPS 800”); a dual band wireless telephone that operates in AMPS 800
and in a 1900 MHz Code Division Multiple Access (CDMA) 1S-95 digital




20 into the user interface 213 is formatted by the control section 212 and further coupled to the
transmitter 214 via connection 215. The transmitter 214, which employs separate-fggnami paths for
each frequency band and selects the desired transmit path under control of signal BAND SELECT
sent by the control section 212 on connection 216, modulates the 25 formatted data and speech
signals and amplifies the modulated signals for transmission in the desired frequency band. The
transmitter 214 amplifies the modulated signals to a power level set by signal TX CONTROL sent by
the control sectigsteth] TDMANESO0T) 2i6 Théamphfiedsiowilsiese igplidnetteatransmitter 214 to

th t 210 f ISSi RF, Si ication li 06 .Th level
of the ampiticT SRS Jo A A CCH A 20 1 dE R o che WO BFRE B0 Banemiter 214,
whic_h sends atsigmlelﬁt_:tb)&tTEe:&'ammesmaﬁdme_jef/m Zﬂﬂ}isabmﬁmrt_pemalmmbme the contro_l o
section 212 V'%S%Pr[]}%ﬁgf’”irze]lé SO'I'LI%%[?}%%%QISS%%O?Q g?%é rﬁgﬂlﬂﬁé éﬁgnsél%%\gl %%r(] g“qgeNa'él;gOL to minimize

differences betwee esire power leve e transmitter ual output
power levél rej2@Savoetidyetieesigits $pP MITRGTR cBisdoesmstatimasion device 200 employs one or

more printed circuit bﬂq\édéomm @yﬁg#egoi Edb?@&‘é‘%%laqimﬁw?éﬁ@&l{& eﬁfeeiver 211, the
r t ormed. 10°Alt

control section 212, the user interface 213 and the transmitter 214 are fol ough described
as a dual bandPRireTsHGaleshite athe CBerMGMAEcPHEVICRICBIIOM A WREMABZedBe a wireless

telephone thatz@@e\yﬁeﬁﬁrsg@ﬁé@staﬁnéwe%oéwﬂﬁmﬂﬁzattsrbm&\ml%fdtgmhm that operates
in GSM 900, GSM 1800 and a 1900 MHz GSM digital system ("GSM 1900"); or a quad-band wireless

telephone thatSPBrAKNGALEN §EXICE RN GBRIMIES RHRRIIPRESDPaAd BRI 2 1H00. In the event
that the ggmmaBligai@nIiMacen?otna & 10; RregntsriRagitrlept®BBUMSLE the receiver

211, a user interface 213 coupled to the control section 212 and a
transmitter 214 coupled to the control section 212 and the antenna 210.
The receiver 211 receives RF signals from communication link 206 or 207
through the antenna 210 and demodulates the RF signals. Demodulated
15 information from the RF signals, which includes control information and
can include message or voice information, is provided by the receiver 211
to the control section 212. The control section 212 controls the user
interface 213 to output audible speech derived from the voice information
and/or data received from message information. Data and speech input
20 into the user interface 213 is formatted by the control section 212 and
further coupled to the transmitter 214 via connection 215. The transmitter
214, which employs separate transmit paths for each frequency band and
selects the desired transmit path under control of signal BAND SELECT
sent by the control section 212 on connection 216, modulates the
25 formatted data and speech signals and amplifies the modulated signals
for transmission in the desired frequency band. The transmitter 214
amplifies the modulated signals to a power level set by signal TX
CONTROL sent by the control section 212 on connection 216. The
amplified signals are output by the transmitter 214 to the antenna 210 for
30 emission as the RF signals on communication link 206 or 207. The power
level of the amplified signals output to the antenna 210 is detected by the




communication devices 202 and 203 as well as an additional remote communication device 204
associated with communication link 208 would be the corresponding wirelesg hasezstations. In the
event that the 20 communication device 200 is the quad-band wireless telephone, remote
communication devices 202-204 as well as an additional remote communication device 205
associated with communication link 209 would be the corresponding wireless base stations.
Transmitter circuitry 300 of the transmitter 214 is shown in FIG. 3 to 25 have two transmit paths, each

employing a RF pawenateplifier, \Rﬁmg\@ﬂdara@igﬁémz DEPEET sipraiseiaatipagntagon in
frequency band TX BAND 1 and RF power amplifier 303 amplifies signals for transmission in

frequency band RERQBIRULOPHBLIRYEHA IBRRRHRY SRR YIBFGRMREIIEhEY Hand TX BAND

1 on connection A4 isoarrgllifiectiby RFZSadposretiesifial 300 RmEOtetamaniplified RF output

signal on conne t?n 305 wh| h deflnesLd;ﬁe oui:Put ath of RF ower% é)lfler 302. -9 %AI/:EB 2004
The transmitter ﬁﬁ?}p MRS % BYE @pﬂ&’&r LE ertﬁrFZé er amplifier

302 to perfosm I%E\&dilﬂilaotuahoumma@wdw nmduIam@sﬁentmhbmtbeuswgm‘aﬂrénﬁjlﬁ:m‘ﬁd TX BAND 2

on connection is a ifi Bowera I 3.10 produc lified RF 5 output signal
33335 Pﬁuﬁ%g vice 2 g}%}yg 05 3P %% é}) ¥

on connection efihes o e ou power amp I 3 The L{ransmltter circuitry
300 includes a dbptmzbr (300 sb@u\m&admmmotpalepmnajmmmlangounethmwlperform RF

isolation. The tr it iV | e BAND
SELECT of FIGa%iStIIZ)1 c‘ﬁ%r?gg ngsggﬁ)dlﬁ%i ﬁ}%R%I}:ggL%hB%v%gg(rjn% %@E%%gé?%ﬂa?#e%lma 210 when

the communicatidhdiaigcteromsis transmitting in frequency band TX BAND 1 and, alternately, to
connect thg putput pathygfifREgPuesamekies 30350 5@ anirBRa 218 ephsRdhg gommunication

device 200 is transmitting in frequency band TX
communication device 200 may alternatively be a wireless telephone that

operates in more than two bands, such as a tri-band wireless telephone
that operates in GSM 900, GSM 1800 and a 1900 MHz GSM digital
system (“GSM 1900"); or a quad-band wireless telephone that operates in

15  GSM 900, GSM 1800, D-AMPS 800 and D-AMPS 1900. In the event that
the communication device 200 is a tri-band wireless telephone, remote
communication devices 202 and 203 as well as an additional remote
communication device 204 associated with communication link 208 would
be the corresponding wireless base stations. In the event that the

20 communication device 200 is the quad-band wireless telephone, remote
communication devices 202-204 as well as an additional remote
communication device 205 associated with communication link 209 would
be the corresponding wireless base stations.

Transmitter circuitry 300 of the transmitter 214 is shown in FIG. 3 to

25 have two transmit paths, each employing a RF power amplifier. RF power
amplifier 302 amplifies signals for transmission in frequency band TX
BAND 1 and RF power amplifier 303 amplifies signals for transmission in
frequency band TX BAND 2. An input signal modulated for transmission
in frequency band TX BAND 1 on connection 304 is amplified by RF

30 power amplifier 302 to produce an amplified RF output signal on
connection 305, which defines the output path of RF power amplifier 302.




BAND 2. The switch is preferably a single-pole double-throw switch but 15 may be any other device
that disconnects the output path of RF power amplifier 303 from the antenna2]0piper tes
communication device 200 is transmitting in frequency band TX BAND 1 and disconnects the output
path of RF power amplifier 302 from the antenna 210 when the communication device 200 is
transmitting in frequency band TX BAND 2. 20 The transmitter circuitry 300 includes a RF coupler
apparatus 312 and a RF power detector 313 coupled to the RF coupler apparatus 312. Unlike the RF

coupler apparatusref thamprimtt ey Gitbaii 30D Pl apBal Afusicxb? Bas acuiptig Foumirgigiticture with
two couplers 314 ag?dﬂ?, nd a terminﬁtion device 3‘11%(?& e,rialllé/ coupled, Coupler 314 is coupled in

the 25 output paftf oRRVERIMRIISHSVE Lo pR S'$BHGR- pAh N8 lement 318
an:j coupled-patimeelupditegl dameinisddisibhrLbe petit\coapking e B Ate Dt 3 b s iwetienits coupled
in-line with connection 305..Coupled-path coupling.ele 319 is positioned in.cl hysical
proximity to thro?ér#—bsaﬁ‘mlﬁﬁfi ye% 88W§i§’@'§8f£5§a R ﬁ%%@g}gﬂ{@ﬁ?{% has an
isolated porscoupladun sigriasatireotinéctiba 808 indicn difines #16 euiat paipletl RBrt coupled in
series directly to -10 11 FEB. 200, e I IS led in the quiput f RF power
amplifier 303. C&J%pvl\érlﬁ&ﬁlﬁse Er#%%fguﬁlﬁét%%cﬁgtﬁ%% Serlrgé?g t%%ﬁ@‘%ﬁé&i%ﬁn@%gmg
element 321. Theaugheskith tbeupuinytratteat BEFOphwenRmplitier SSldbtedrrimeniith connection 309.

Coupled-path coppling elemenbadhikAASHARRAH DG ARR ABESICALRPERHY IRJEF AiHRth

coupling element 320. Coupled-path cougllélg element 321 has an isolated port coupled in series

directly to coupledf-frarsianal i BONRKERECT Pbf ougide sennar theriird paitheUBid in series
directly to the Ry qpuresHBiREPE8 30 The dpternationdgmiss EJBRHIas EatRMSRNVRE! 10 having

one end coupled to the isolated port of coupled-path couplin
200 is transmitting in frequency band TX BAND 1 and, alternately, to
connect the output path of RF power amplifier 303 to the antenna 210
when the communication device 200 is transmitting in frequency band TX
BAND 2. The switch is preferably a single-pole double-throw switch but
15 may be any other device that disconnects the output path of RF power
amplifier 303 from the antenna 210 when the communication device 200
is transmitting in frequency band TX BAND 1 and disconnects the output
path of RF power amplifier 302 from the antenna 210 when the
communication device 200 is transmitting in frequency band TX BAND 2.
20 The transmitter circuitry 300 includes a RF coupler apparatus 312
and a RF power detector 313 coupled to the RF coupler apparatus 312.
Unlike the RF coupler apparatus of the prior art, the RF coupler apparatus
312 has a single coupling structure with two couplers 314 and 315 and a
termination device 316, all serially coupled. Coupler 314 is coupled in the
25  output path of RF power amplifier 302. Coupler 314 has through-path
coupling element 318 and coupled-path coupling element 319. Through-
path coupling element 318 has two ports coupled in-line with connection
305. Coupled-path coupling element 319 is positioned in close physical
proximity to through-path coupling element 318. Coupled-path coupling
30 element 319 has an isolated port coupled in series directly to the
termination device 316 and a coupled port coupled in series directly to
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element 319 and the other end coupled to electrical ground. The RF power detector 313 comprises a
single detection diode 322 and a R-C network 323. The anode of the detectiamdipgs 32@0avhich
defines the input of the RF power detector 313, is coupled in series 15 directly to the coupled port of
coupled-path coupling element 319 of coupler 314. The cathode of the detection diode 322 is coupled
in series directly to the R-C network 323, which comprises capacitor 324 and resistor 325 coupled in
parallel. The output of the R-C network 323 forms the output of the RF power detector 313, which is

coupled to the C%E@I@P%ti@bgb@@%V@d@fﬂ"ﬂ?@@tiﬁﬁﬁe@u@miﬁgw #PpohBF power amplifier
302, through-path COE{iI?g]r%gelement 318 of coupler 314 passes the amplified RF signal output by RF

power amplifier 3PR FhmRieh S 52 Has HrandhrBathdrorrlingrilesisnt REd RF signal
are reflected backd@pii@pahrasi siviPEngraneBmMenTt bR gs- [RIRTseUPINE e EAENedamth coupling

element 319 of coupler 314 couples forward pawer present at through-path coupling element 318 to
tho coupled port BFESUEGTIRAPLBIES T e ROt SRR Lo CRaR G HRI Gt at
through-patts cougiingeslied2inis3idsitio el isntidee postsitaiquiobechtntto chrglig-phement 319. The
resistor 30 317 of the termination ice 316, which.i lected v [ nce to match the
impedance of coﬁBPe%'—n t%%@&ﬂlﬁﬁ‘gé/éleg%%?@%s ?LtF ff@@z%%ﬂ%ﬁ? %Bﬁ%d%g‘ort, eliminates the
reverse power. Tiselédadgrdrpoanplad thsdstsatddgndist tsf coupled-path coupling element 319 is

coupled throush seuRlodngit AHPLRG slerIsy 3 Gaples Hedhaleimeian fiog 38, whicn

together with capacitor f-wave rectifies the forward power to 5 generate a DC voltage

proportional to theCiYepKteiester BtSanihigiderminadighaeiesus By IRH R 58583302, The DC
voltage is sigred Qg)iRBRAENEXbAPRAQYRIRS By RS 6B 8P dBLABRASEMNBLbAsSignal RF

element 319 and the other end coupled to electrical ground.

The RF power detector 313 comprises a single detection diode 322
and a R-C network 323. The anode of the detection diode 322, which
defines the input of the RF power detector 313, is coupled in series

15  directly to the coupled port of coupled-path coupling element 319 of
coupler 314. The cathode of the detection diode 322 is coupled in series
directly to the R-C network 323, which comprises capacitor 324 and
resistor 325 coupled in parallel. The output of the R-C network 323 forms
the output of the RF power detector 313, which is coupled to the control

20 section of FIG. 2 via connection 217. ,

During operation of RF power amplifier 302, through-path coupling
element 318 of coupler 314 passes the amplified RF signal output by RF
power amplifier 302 towards the antenna 210 as forward power. Portions
of the amplified RF signal are reflected back to through-path coupling

25 element 318 as reverse power. Coupled-path coupling element 319 of
coupler 314 couples forward power present at through-path coupling
element 318 to the coupled port of coupled-path coupling element 319,
and couples reverse power present at through-path coupling element 318
to the isolated port of coupled-path coupling element 319. The resistor

30 317 of the termination device 316, which is selected to have an
impedance to match the impedance of coupled-path coupling element 319
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DETECT. During operation of RF power amplifier 303, through-path coupling 1o element 320 of
coupler 315 passes the amplified RF signal output by RF power amplifier 303 tpwaigs 3lp@ antenna
210 as forward power, and receives reflected portions of the amplified RF signal as reverse power.
Coupled-path coupling element 321 of coupler 315 couples forward power present at through-path
coupling element 320 to the coupled port of 15 coupled-path coupling element 321, and couples
reverse power present at through-path coupling element 320 to the isolated port of coupled-path

coupling elementg3l-Jdigisdialat RinbUpRTRAILeRIEn CirBsBhard flgEminated by

coupled-path cougggig element 319 and the resistor 317 of the terminatio 16 to eliminate the

reverse power atfifeiS@atetbRt e oeRIBGhRAIHERN RIND RiR e HY 32 coTRletbivarDPower at the
isolated port of coypiadengiitreBaNASBIRBAB3A 15 RBRINE 2 18 CHABAIGH R ¥auch together

with capacitor 324 half-wave rectifies the forward power to generate a DC voltage proportional to the

amplitude of the"dHENliiREERICENRAICRBEH YR balvsaxmpastiieptherfrwrrbBawaiR is stored

on capacitors324qaié £aeed Oy oRaigiop Rfo o SANREEI BrAp itagsSsIARIMphflde (3 F RF coupler
apparatus 312 shown in FIG. r’iﬁi{sﬁfgst suited for,@se Wherérhhﬁiérrapedance,of couplers 314 and 315 is
i I

the same as thatSSIRALORERHE RN 3TPHE1 ARy SH8IhiF $1YBF Qlpler 314 30 and
coupling elementsap20itn@232 lanticnyiteBhH wsisiuesabiky egrectionpted stspigeal REFsuming that

g:ggggtcgdbv?lir:ﬁ E{%&é@g 1;;[jh(?rlé)wer -12 11 FEB 2004 of the two l_Jands, such as the band
, guency band TX BAND 2 is the higher of the two bands, such as

such as the band assoBatatpveirefmivhAof B0 pexean prapglifianB@Xothtioe GH-patiupteuEngaratus 312

are. 10  element 320 of coupler 315 passes the amplified RF signal output by RF
power amplifier 303 towards the antenna 210 as forward power, and
receives reflected portions of the amplified RF signal as reverse power.
Coupled-path coupling element 321 of coupler 315 couples forward power
present at through-path coupling element 320 to the coupled port of

15 coupled-path coupling element 321, and couples reverse power present at
through-path coupling element 320 to the isolated port of coupled-path
coupling element 321. The isolated port of coupled-path coupling element
321 is terminated by coupled-path coupling element 319 and the resistor
317 of the termination device 316 to eliminate the reverse power at the

20 isolated port of coupled-path coupling element 321. The forward power at
the isolated port of coupled-path coupling element 321 is coupled to
detection diode 322, which together with capacitor 324 half-wave rectifies
the forward power to generate a DC voltage proportional to the amplitude
of the amplified RF signal output by RF power amplifier 303. The DC

25 voltage is stored on capacitor 324 and coupled by resistor 325 to
connection 217 as signal RF DETECT.

RF coupler apparatus 312 shown in FIG. 3 is best suited for use
when the impedance of couplers 314 and 315 is the same as that of the
termination device 316. Coupling elements 318 and 319 of coupler 314

30 and coupling elements 320 and 321 of coupler 315 are preferably edge-

coupled striplines. Assuming that frequency band TX BAND 1 is the lower
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5 For coupler 314, each stripline of coupling elements 318 and 319 has a length of 500 mils, a width
of 7.5 mils, an impedance of 50 ohms and a horizontal separation of 5 mils from thegotbepatripline;
For coupler 315, 10 each stripline of coupling elements 320 and 321 has a length of 300 mils, a width
of 7.5 mils, an impedance of 50 ohms and a horizontal separation of 5 mils from the other stripline;
and For termination device 316, resistor 317 has an impedance of 50 ohms. 15 As is well known in the
art, the effectiveness of an RF coupler apparatus is measured by its directivity. Directivity, which may

generally definediiaag,8 sanaler S RRILY IR BRARLR SOMALL ARt RYRESS 8Gteingan be measured
by subtracting the coupling of the RF C?\‘l[ggr'ﬁae paratus from its 20 isolation. In this context, coupling
d

may be defined H8FHERGYIEAHE iRk, Brd NENRVIANSUN D PBBRR: SHAR asustRiyh-path
coupling elemenisttha saweied-RAtacRIRIRITIRMEND Gl biaaiatian, raNes fsfinedgs a coupler's

ability to prevent reverse power from entering the coupled port of the coupled-path coupling element.
Using the exem S PAIBRRYRE 3 fo7%uplers 314 and 315 and termination device 316, RF coupler
apparatus 3.2 operates ¢ Huifddpgiag manner. When coupling RF signals transmitted in the lower

band for AMPS 800, RF coupler, apparatus 312 exhibits isplation of t,-50 dB, as shqwn by point
200 n FIG. 4. and coupifig 3t SHBIT 0 o B SIS o oo s 0GR a directvity
of about -29 dB. When coa@lingiRFeswiaiisdaf ansSmittedaminiechigihes ba60 D kAd 000, RF coupler

apparatus 312 exhibits -1§ ér?zgﬁgl %%%ﬂgﬁ!,ﬁ}%'gf' é’%&%&ﬁ?‘ﬂh@otﬁ%?&%ﬁﬁh@{ point 600 in FIG. 6,

and coupling of
For coupler 315,

10 each stripline of coupling elements 320 and 321 has a length of
300 mils, a width of 7.5 mils, an impedance of 50 ohms and a
horizontal separation of 5 mils from the other stripline; and

For termination device 316,
resistor 317 has an impedance of 50 ohms.
15
As is well known in the art, the effectiveness of an RF coupler apparatus
is measured by its directivity. Directivity, which may generally defined be
as a coupler's ability to separate forward and reverse power, can be
measured by subtracting the coupling of the RF coupler apparatus from its

20 isolation. In this context, coupling may be defined as a coupler’s ability to

transfer a desired amount of power from a through-path coupling element
to a coupled-path coupling element, and isolation may be defined as a
coupler’s ability to prevent reverse power from entering the coupled port
of the coupled-path coupling element. Using the exemplary values given

25 for couplers 314 and 315 and termination device 316, RF coupler

apparatus 312 operates in the following manner. When coupling RF
signals transmitted in the lower band for AMPS 800, RF coupler
apparatus 312 exhibits isolation of about -50 dB, as shown by point 400 in
FIG. 4, and coupling of about -21 dB, as shown by point 500 in FIG. 5, to

30 vyield a directivity of about -29 dB. When coupling RF signals transmitted

in the higher band for TDMA 1900, RF coupler apparatus 312 exhibits
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about -19 dB, as shown by point (700 in FIG. 7, to yield a directivity ofi, about -35 dB. These directivities
of -29 dB and -35 dB can be quantified as excellent. 5 When portable or hand-Heigghe 004
communication device 200 uses, where possible, minimally dimensioned components to achieve a
constrained form factor. In this regard, each of the couplers 314 and 315 preferably use
broadside-coupled microstriplines, which provide a more compact structure than the edge-coupled
striplines described above. 10 Examples of broadside-coupled microstripline coupler structures are

shoun and descrosli b EalPTS NorS A48 i B Komaton ) o coiled sy |

Tranmission Line Coupler For Radio Frequency Signal’Amplifiers," issued o

assigned to MoRPel 1h8 dBheasshgvee B BRinhrede in plidatienyigdopetisgictivinnof5 embedded
broadside-couplgg gnicrostiplineesplarhan g SOBIREY dBIBRHAREC (B RS HRRRRRdIRVINg a real

part and an imaginary part) and generally must be terminated by a termination device having a
complex impedaﬁ%@."@%‘ﬂ%ﬂer the following example of using an embedded broadside- 20 coupled

microstripling coupler stitesw B deia@asbiohgadmlers, 334 eommilini@iidh eeviibasprarius 312.
Assuming that freg}%enr%/aban TX BAND 1 |s the,loweé of the two bands, such as the band associated

with AMPS 800AIFiSREERIRLS, PARIMEOENNIENSIRBR FRGMRPFHR VAhiA R 2such as the band
associated with Torid#al00 fewarfttoy. vialukis iegafd 26autupteharnaaiers 312 aid §16 coupler 314,
a) microstripline Ofe(fgué?%&%eleg'r%md%%ose's Ilne%rdsr'%i rggt%\}%gsfw th of 300, mils and a width of 30

{ usﬁng fement 31 9hi§ 9ms ape e[ffg(\{{ﬂfé"ile'ﬁ]éﬁ?of 310 mils fit

mils, b) microsterrllne 0
to a length of 300aniEashdtactiviehtbhnGheikdgedcaupled striplines described above.

10  Examples of broadside-coupled microstripline coupler structures are
shown and described in U.S. Patent No. 5,448,771 to Klomsdorf et al.,
entitled “Embedded Tranmission Line Coupler For Radio Frequency
Signal Amplifiers,” issued on September 5, 1995 and &ssigned to
Motorola, Inc., the assignee of the present application. In operation, an

15  embedded broadside-coupled microstripline coupler has a complex
impedance (i.e., impedances having a real part and an imaginary part)
and generally must be terminated by a termination device having a
complex impedance.

Consider the following example of using an embedded broadside-

20 coupled microstripline coupler structure for each of couplers 314 and 315
of RF coupling apparatus 312. Assuming that frequency band TX BAND
1 is the lower of the two bands, such as the band associated with AMPS
800, and frequency band TX BAND 2 is the higher of the two bands, such
as the band associated with TDMA 1900, exemplary values for RF

25 coupler apparatus 312 are:

For coupler 314,

a) microstripline of coupling element 318 is linear-shaped with a
length of 300 mils and a width of 30 mils,

b) microstripline of coupling element 319 is “s”-shaped with an

30 effective length of 310 mils fit to a length of 300 mils and a

width of 10 mils and, and
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-14 11 FEB 2004 c) microstriplines of coupling elements 318 and 319 are spaced apart vertically by 9
mils; For coupler 315, a) microstripline of coupling element 320 is linear-shapgq witiza 29 tength of 120
mils and a width of 30 mils, b) microstripline of coupling element 321 is "s"-shaped with an effective
length of 130 mils fit to a length 120 mils and a width of 10 mils, and c¢) microstriplines of coupling
elements 320 and 321 are spaced 10 apart vertically by 9 mils; and For termination device 316, the
resistor 317 has an impedance of 28 ohms. With a termination impedance of 28 ohms at termination
device 316, the impgdaniceoatiiptirssipiasbpplingfelerpeads 3B andding eterspatdd9 is 15 about 28
+ j7 when coupling RF si g'r‘][ﬁls tﬁmsI ige in the lower band for AMPS 800, and the impedance at the
isolated port of couple(ﬁg &5 \&'ﬂ(g erh8H321 is about 31 + j16 when coupling RF signals
transmitted in the hifbecbaptef@ THE)MA 1900. Using the exemplary values given for the embedded

broadside- 20 couple mlcrc(gg‘rrllg1 Eﬂ% %%%Bl%lé tru élr(ﬁei’qt]%lgmgmﬁeg éﬁ/g@%ﬁgjsr@iﬁ}é and 315 and

termination device ﬁGrﬂ coupler appara operates in manner. When coupling
RF signas transmitted Ienpthloivé20oaild andeamrigtis@d IRFdBupler apparatus 312 exhibits isolation

of about -47 dB, as h%erggtHBj@f(gﬁtcié}%@g%@%ﬁpg@lf'r]g ngag%eajmﬁiﬁ &% 25 shown by point

900 in FIG. 9, to yield directivity 0 . When coupling RF signals transmitted in the higher
band for TDMA 1900, FeffessiyeidengipehiadInisditipits|engitidr@mioanda wislths shown by point
1000 in FIG. 10, and c%p{igwgggggt -21 dB, as shown by point

c) microstriplines of coupling elements 320 and 321 are spaced
10 apart vertically by 9 mils; and
For termination device 318,
the resistor 317 has an impedance of 28 ohms.
With a termination impedance of 28 ohms at termination device 316, the
impedance at the coupled port of coupled-path coupling element 319 is
15  about 28 + j7 when coupling RF signals transmitted in the lower band for
AMPS 800, and the impedance at the isolated port of coupled-path
coupling element 321 is about 31+ j16 when coupling RF signals
transmitted in the higher band for TDMA 1900.
Using the exemplary values given for the embedded broadside-
20 coupled microstripline coupler structure implemented by couplers 314 and
315 and termination device 316, RF coupler apparatus 312 operates in
the following manner. When coupling RF signals transmitted in the lower
band for AMPS 800, RF coupler apparatus 312 exhibits isolation of about
-47 dB, as shown by point 800 in FIG. 8, and coupling of about -21 dB, as
25  shown by point 900 in FIG. 9, to yield directivity of about -26 dB. When
coupling RF signals transmitted in the higher band for TDMA 1900, RF
coupler apparatus 312 exhibits isolation of about -32 dB, as shown by
point 1000 in FIG. 10, and coupling of about -21 dB, as shown by point
1100 in FIG. 11, to yield a directivity of about -11 dB. When coupling RF
30  signals transmitted in the higher band for TDMA 1900, the directivity of the
embodiment of this example of RF coupler apparatus 312 is considerably

-15-




1100 in FIG. 11, to yield a directivity of about -11 dB. When coupling RF 30 signals transmitted in the
higher band for TDMA 1900, the directivity of the embodiment of this example-pf Fiscoupier
apparatus 312 is considerably -15 17 FEB 2004 less than the directivity of the embodiment of the
previous example of RF coupler apparatus 312. This low directivity when coupling RF signals
transmitted in the higher band for TDMA 1900 can be attributed to failure of RF coupler apparatus 312
to terminate the isolated port of through-path 5 coupling element 321 with the proper impedance. To
enhance dire@ivityhan titerietivigfef e Rimbodies mgfatasys el A5 shewnpiie bFRA.2 may be used.

RF coupler apparatus 1200 employs the general structure of RE coupler apparatus 312 but also
includes a m&%H@ﬁrﬁ%ﬁrT%%c%pf@?ﬁgﬁé’&ﬁi?gé\f\%éﬁh%B&ﬁgpé'&iﬁgﬁw 5. The matching
circuit 1202 enmieyﬁttmemlseibiglﬁeebdrﬂﬂ)ﬂoaﬁdlMzommcasmat;apatémnd?ﬁmr@ransmission line
1204 has oneoP%n: ggﬁlje%e% %Cé ég?a gggIQ 1|oort of co It%d-patp FO&BI'?@%% ment 319 { f coupler 314

and another port coup NsSMIssion inoet?%ga FANSIISSION IME %Oé@(r)]l:%ap rt coupled to

transmiss$ion toefdlit@elsraant Sdtivdtipine poaprdmpedaisetated port of coupled-path coupling

element 321 of cou ito, j Qﬁ“% e
inter-coupled ports o trgﬁgﬁi%oegrﬁggg 2é£1r éﬁg rhl%%%%%\?ﬁ?eagﬁga ar E%c?ﬁ%%g;hing circuit
1202 operate320=shipvgeiiafite. JRraanioenigesh ddvieeuparingraiatiag 3ORF signals transmitted in

frequency bapd Fi BAND Je fapaMsticRineccscHit A IRIoNRG ARG BrePsLigigENation impedance at
the isolated port of t rough-tpath couplln% element 321. During coupling of RF signals transmitted in

frequency bafFtEdesaamatCHRGHEHN DR HRSREIWEBN 2 RI8EX B mission line that
has a negligiklag e onHomeardrmng@rdeitheo2 employs transmission lines 1204 and

1205 and a shunt capacitor 1206. Transmission line 1204 has one port
coupled to the coupled port of coupled-path coupling element 319 of
coupler 314 and another port coupled to transmission line 1205.
Transmission line 1205 has one port coupled to transmission line 1204

15 and another port coupled to the isolated port of coupled-path coupling
element 321 of coupler 315. Shunt capacitor 1206 has one terminal
coupled between the inter-coupled ports of transmission lines 1204 and
1205 and electrical ground.

The matching circuit 1202 operates as an impedance

20 transformation device. During coupling of RF signals transmitted in
frequency band TX BAND 2, the matching circuit 1202 provides the
proper termination impedance at the isolated port of through-path
coupling element 321. During coupling of RF signals transmitted in
frequency band TX BAND 1, the matching circuit 1202 operates as a low

25 loss transmission line that has a negligible effect on power transfer to the
RF power detector 313. Assuming that frequency band TX BAND 1 is the
lower of the two bands, such as the band associated with AMPS 800, and
frequency band TX BAND 2 is the higher of the two bands, such as the
band associated with TDMA 1900, exemplary values for the matching

30 circuit 1202 are as follows: transmission line 1204 has a length of 200
mils, a width of 5 mils and an impedance of 100 ohms; transmission line
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RF power detector 313. Assuming that frequency band TX BAND 1 is the lower of the two bands,
such as the band associated with AMPS 800, and frequency band TX BAND 2iisgke highes of the two
bands, such as the band associated with TDMA 1900, exemplary values for the matching 30 circuit
1202 are as follows: transmission line 1204 has a length of 200 mils, a width of 5 mils and an
impedance of 100 ohms; transmission line -16 11 FEB 2004 1205 has a length of 300 mils, a width of
5 mils and an impedance of 100 ohms; and capacitor 1206 is 2.2 pF. To minimize component count,
transmission12@5 1204 senhi205 306 midéemblidtheihbatnifssaadzrdimpdnaagwiofetDGircuit board of

the communication device 200, whi ﬁ a c osed of FR-4 fiberglass material. Capacitor 1206
is preferably %ﬁl@%b?er}g gg%aﬁ%tr?éﬁt é??s)ér%(e;ﬂint:cfl:nogw [RELE PR gfotrﬁ@pr?ﬁt%@circuit board. Using
the exemplatyarsedmessionthiran a2 gruird2i03 202 prefehablgxeptplasiripaleestfeddedpters 314 and

315 and the (eyialon ABHIER 1031 lescHRE ADONEMASRASRIIP ML IS g L1, RF coupler

apparatus 1 operates In following manner. en coupling F signals transmitted in the lower
band forsSAMPS8ROs-cddUpté i dsiglasssmatesabxkiBresdiokiigh@ixprierably®, as shown by point

1300 in FIG. didcand COHBMARAN R rAditRedDRNAY R BRI IAOD KK céuio vield 15

directivity of about -26 dB. When coupling RF signals transmitted in the higher band for TDMA 1900,
RF coupler atb%iﬁtus 1200 exhibits isolation of about -54 dB, as shown by point 1500 in FIG. 15, and

coupling of about -2i5gh3, e ShewpRnPeHILS QS hE Kaaikhirg viekdi firestinly ieabout - 32 dB. RF
coupler apparatus 1200, when couplinq RF signals transmitted 20 at the edges of the higher band for

TDMA 1900, 8 THENNaHSS SpLboup'ess JE 88ERIRABY SHeTBERHPR €688 which along with
couplingoof @i@itisd2iferielisve dirackdtyatibabelih -RIGABSAS CAF i apkit. aphematus

1200 operates in the following manner. When coupling RF signals
transmitted in the lower band for AMPS 800, RF coupler apparatus 1200
exhibits isolation of about -47 dB, as shown by point 1300 in FIG. 13, and
coupling of about -21 dB, as shown by point 1400 in FIG. 14, to yield

15 directivity of about -26 dB. When coupling RF signals transmitted in the
higher band for TDMA 1900, RF coupler apparatus 1200 exhibits isolation
of about -54 dB, as shown by point 1500 in FIG. 15, and coupling of about
-22 dB, as shown by point 1600 in FIG. 16, to yield a directivity of about -
32 dB. RF coupler apparatus 1200, when coupling RF signals transmitted

20 at the edges of the higher band for TDMA 1900, exhibits isolation of about
-44 dB, as shown by point 1502 in FIG. 15, which along with coupling of
about -22 dB yields a directivity of about -21 dB. As can be seen, when
coupling RF signals transmitied in the higher band for TDMA 1900, the -
32 dB and -21 dB directivities of RF coupling apparatus 1200 are much

25  Dbetter than the -11 dB directivity of the previous embodiment of RF
coupler apparatus 312.

The improved directivity of RF coupling apparatus 1200 is
attributable to properly terminating the isolated port of through-path
coupling element 321 when RF coupling apparatus 1200 is coupling RF

30  signals transmitted in the higher band for TDMA 1900. Operation of the
matching circuit 1202, is further described with reference to FIG. 17. The
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coupling RF signals transmitted in the higher band for TDMA 1900, the - 32 dB and -21 dB directivities
of RF coupling apparatus 1200 are much 25 better than the -11 dB directivity Df] theepreyips
embodiment of RF coupler apparatus 312. The improved directivity of RF coupling apparatus 1200 is
attributable to properly terminating the isolated port of through-path coupling element 321 when RF
coupling apparatus 1200 is coupling RF 30 signals transmitted in the higher band for TDMA 1900.
Operation of the matching circuit 1202, is further described with reference to FIG. 17. The -17 11 FEB

2004 couplec¢popiad pouptsictcpatiecopatngripiené@hdmS acampierotmpiesance of 31+ j16, as
shown normalized at point 1.700.jn, FIG. 17. Transmission line 120 nsfarms the complex
impedance olf%‘iepfﬂ)gﬁ}?g 136%@)? ﬁ‘ﬁﬁ%‘aﬂ%g@%ﬁ% -Ln?4ﬁ‘,7§ lgh%% Aérmalized at point 5
1701 in FIG. TrarSapasitor 11206 20¢htesriesdoste e thenoploplienp édpadandesofgheuntd + j44 into a

complex impedanrﬁﬁlgf about 37 éé44 %%Epgyn .&{maliz%d at point 1702 in IG.&?. Transmission
r

line 1205 fufther ansforms a@cor?\%)?ex |mped'5 ce 8Pa%o°u"tv%?9ﬁﬂ‘f K a2 BRBex impedance of

about 2&- j2,1&9 $howithotmalizagrhattpoiR ey D8theitr&nsiormsibesbymmlexiding a suitable
termination ir [ nar : lj mﬁm : rnate
embodiment@gﬁgﬁﬁgg%@l&%ﬁé%% Fggzr)\%)g %@gﬁéﬁ%&a&gﬁram Eﬁ%#ét%% FIG. 18 shows
an alternate AREMMY BipetNaized ahREBHPIEYR BYQ. sidgld Ensmiskancineld 2Fticular, 15 alternate

matching cirgyit8PRHBRIANS Irindmpliax Rip SHHACS BIUYYUEST PR Sgpacitor 1802. Capacitor
1802 is coupled in series between couplirlggelements 319 and 321. Assuming that frequency band TX

BAND 1 is tSOTBRIEX HNPRABRES M AP UlFBad th @b ahaHaRRIARIFRA RIS 1368, and frequency
band TXoBANDFGS the higheppfiheviwiadardsiablieRermination impedance at the

isolated port of coupled-path coupling element 321.

Alternate embodiments of the matching circuit 1202 can be used
for impedance transformation. FIG. 18 shows an alternate matching
circuit 1800 that employs only a single circuit element. In particular,

15  alternate matching circuit 1800 employs a single discrete surface mount
component, capacitor 1802. Capacitor 1802 is coupled in series between
coupling elements 319 and 321. Assuming that frequency band TX BAND
1 is the lower of the two bands, such as the band associated with AMPS
800, and frequency band TX BAND 2 is the higher of the two bands, such

20 as the band associated with TDMA 1900, an exemplary value for
capacitor 1802 is 5.6 pF. Although shown to employ a single discrete
surface mount component, alternate matching circuit 1800 may alternately
use other single circuit element implementations, such as a single
embedded transmission line coupled in series between coupling elements

25 319 and 321.

Using the exemplary value given for alternate matching circuit 1202
and the exemplary values for the couplers 314 and 315 and the
termination device 316 described above in association with FIGs. 8-11,
RF coupler apparatus 1200 operates in the following manner. When

30 coupling RF signals transmitted in the lower band for AMPS 800, this
embodiment of RF coupler apparatus 1200 exhibits isolation of about -47
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20 as the band associated with TDMA 1900, an exemplary value for ‘capacitor 1802 is 5.6 pF.
Although shown to employ a single discrete surface mount component, alternajegpgichingcircuit
1800 may alternately use other single circuit element implementations, such as a single embedded
transmission line coupled in series between coupling elements 25 319 and 321. Using the exemplary
value given for alternate matching circuit 1202 and the exemplary values for the couplers 314 and 315
and the termination device 316 described above in association with FIGs. 8-11, RF coupler apparatus
1200 operatedB dsestadwwing poamntd00/ineRl GO touatideRipsighalsdrwignptegendbe lower band for
AMPS 800, this_embodiment.af RE coypler apparatys, 1200 exhibits isolatign fa\&but -47 -18 17 FEB
2004 dB, as sshﬁc?v"\}’rﬁ‘ E’;}’ S&H}?%&?? |WI’—?I@E%9§§(¥ ' %Sf{ﬁé’tb‘fﬁ(i’b% ?i’?fhé,ga‘égsh f'by point 2000 in
FIG. 20, to yielgiisgtiritysijradis utaasriieWineth ecoighland BidsignaB MANs80Gethis the higher band
for TDMA 19 IS; [ [ ihits isglation .of about -43 5 dB,
as shown by%%?é%giﬁ%ﬁlggﬁoqﬁ c%?&p%‘n%%?ﬁ;%%%w&g%@agwgwﬁ 8&/) %lé)tlr'lf1 200 in FIG. 22,
to yield édiredbBvias shansuby2raim. 20@kin ¢ plRiy RFdshpribngaeisatitiat-RetiB hagher band for
TDMA 1900, Jhis, ﬁ%@%%mi eBeLRE p@_pﬂ@gtgy?g?glafo ¢ R/fﬁ/fblfgg')&e%f'g%d with reference to

FIG. 23. As previously specified, coupled-path couplin ement presents a complex

. : coupling 10 €
impedance oV4bentcPupling, BE signdhs Hensaited & frrrtigheo haridon3 Dbdhd8ast, 1802
transforms they; sIRYEYIMAIRAIRE €68 ﬁHg%Jpaeiﬂsﬁdgt@zmqmﬁhamsgenﬁsoomoUt 31+j1,as

shown normalized at point 2302 in FIG. 23. Although the transformed complex impedance of 31 +j1

does not exafRPMRACS HE KT 23019 RIDHERESIYSBERER AAHRIRATRRINQOYRINGere is sufficient
terminatign abibmisai@2Y pryseplcawdppeatihrpuiiinealeaesld 319 j16, as shown

normalized at point 2300 in FIG. 23. Capacitor 1802 transforms the

complex impedance of about 31+ j16 into a complex impedance of about
31 +j1, as shown normalized at point 2302 in FIG. 23. Although the
transformed complex impedance of 31 + j1 does not exactly match the 27

15 ohm impedance of the termination device 3186, there is sufficient
termination at the isolated ports of coupled-path coupling elements 319
and 321 for this embodiment of RF coupler apparatus 1200 to have good
directivity, as verified by FIGs. 19-22. However, alternate matching circuit
1800 does impose certain limitations on this embodiment of RF coupling

20 apparatus 1200 including degraded directivity when coupling RF signals
transmitted at the high edge of the band associated with TDMA 1900 as
shown in FIG. 21.

Additional alternate matching circuits of FIGs. 24 - 27 employ only

discrete surface mount components and avoid use of embedded

25 elements, such as transmission lines, which often require many iterations
of printed circuit board revisions for optimal tuning. Alternate matching
circuit 2400 of FIG. 24 employs inductors 2402 and 2403, which are
serially coupled between coupling elements 319 and 321; and a shunt
capacitor 2404 coupled between the interconnection of inductors 2402

30 and 2403 and electrical ground. Alternate matching circuit 2500 of FIG.
25 employs capacitors 2502 and 25083, which are serially coupled
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and 321 for this embodiment of RF coupler apparatus 1200 to have good directivity, as verified by
FIGs. 19-22. However, alternate matching circuit 1800 does impose certain limjtatigmsayothis
embodiment of RF coupling 20 apparatus 1200 including degraded directivity when coupling RF
signals transmitted at the high edge of the band associated with TDMA 1900 as shown in FIG. 21.
Additional alternate matching circuits of FIGs. 24 - 27 employ only discrete surface mount
components and avoid use of embedded 25 elements, such as transmission lines, which often require
many iteratiobstveéenniedpting i bommtseidams foL dptinthtehing. iAdtettate hoatching circuit 2400 of
FIG. 24 employs inductors 2402 and, 2403, whjch arg_serially cq d bet coypling elements 319
and 321, and SR EH CEL e BANEL RIS G LGRS S Ea A Sk B hors 2402 30 and
2403 and eleeleicaiagiogredinalteAiee atetelatu icigecitc2BOPEO0FRYGE | G5 28ngroy gapacitors 2502 and
2503, which are seriall pled.-19 FEB 20 n coupling elements 31 d 321; and a
shunt inductocraf%)fg&))éugpggd%gﬁ\%egn %ﬂeaﬁ\l tg%%ﬂé)gc[?\%r\? 8 &%Baltj [ onrg % egr?% %%3 and electrical
ground. Alteraatk3aatctingicincluics @B 04 FiGicrcie epipjed dgiaeicn Qagaingredeneserially coupled

between coupliag I8 NP Tty U RGUELY 2806, WHIEH IS Eaupleq between coupling

element 319 and elect ground; and shunt inductor 2605, Is coupled between coupling

element 321 bgtveeatBeHPiraLRIe MetAdieand elfalicalairuvbo AtFIate matebieds inductor 2702,
which is serigllycGaupefh SEENEED ERUMAYEIRTIRIG §%@2ﬂﬁﬁ@4i§9&ﬁéﬁ@@éﬁk&%@704, which is 10
or

coupled between coupling element 319 and electrical ground; and shunt_capacitor 2705, which is

coupled betwRMWESHHIRERIRGRIBMEN AN ABidedr S capacitor 2704, which is

10  coupled between coupling element 319 and electrical ground; and shunt
capacitor 2705, which is coupled between coupling element 321 and
electrical ground.

In some topologies, the printed circuit board may have limited
space at the location where transmission lines 1204 and 1205 of the

15 matching circuit 1202 of FIG. 12 are to be embedded. In such
circumstances, transmission lines 1204 and 1205 that are embedded may
lack the necessary physical length for the requisite impedance
transformation. To compensate when the physical length of transmission
lines 1204 or 1205 is too short, the termination device 316 of the RF

20 coupler apparatus 1200 can employ alternate circuitry in the form of a
multiple component termination network. In general, such alternate
termination devices provide a complex impedance and include resonant
circuits to provide optimal terminations when the communication device
200 of FIG. 2 is transmitting in frequency band TX BAND 1 or frequency

25  band TX BAND 2. Alternate termination device 2800 is shown in FIG. 28.
Alternate termination device 2800 includes upper and lower networks
2801 and 2803 coupled in series between the isolated port of coupled-
path coupling element 319 and electrical ground. Upper network 2801
includes resistor 2802 and a series resonant circuit, which is made up of

30 inductor 2804 and capacitor 28086, coupled in parallel to resistor 2802.

L ower network 2803 includes resistor 2808 and capacitor 2810 coupled in
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In some topologies, the printed circuit board may have limited spaceat the location where
transmission lines 1204 and 1205 of the 15 matching circuit 1202 of FIG. 12 are tasbe eoedded. In
such circumstances, transmission lines 1204 and 1205 that are embedded may lack the necessary
physical length for the requisite impedance transformation. To compensate when the physical length
of transmission lines 1204 or 1205 is too short, the termination device 316 of the RF 20 coupler
apparatus 1200 can employ alternate circuitry in the form of a multiple component termination

network. In ggmaablsmgi%&bnawsermhm’ton 2BViceAPrRdeiR CBTXBRAceRee and include
resonant cir :}i |de o {:EI Iﬁ{Er;enatlons when the comglunlcatl(iln device 200 of FIG. 2 is

transmitting | &)"ﬁirf’ 138F'?%&%W§'B%H 5B TEAHERRES termination
device 2800 isfshteveshifr fGeRfneytbarate deBANDIAN RostxaSER0R Musisle ctepetioand lower

networks 28%%3%1%%%6% ?85';%@ in %%%I? %gg g‘g?ctsvugateg FQP” §{’ ogr QUE%EP th coupllng

element 319 and electri Found. per networ NALdes res H%eries resonant
circuit, which 126t en ﬂm@omoumammeapammmﬁg cmliquelmq:;atﬂihrﬂ to resistor 2802.

Lower networ ?Qm r a | 2004 parallel to
resistor 2808-*?5 ucto D%O?%\é%%gg%a}ﬁ%?%og arﬁ()aésqgggt ave vé?gﬁsﬂigﬁ {Eee?t the series
resonant C|rcmwm@fﬁw@@ﬁ’d@ﬁBfQQm@étaﬁﬁ%qU@t?%MWtbﬁND 1. Resistor 2802 is
selected to h@(yﬁ]ﬁpuﬁmr@gml@lgéqg% aTgy,&f Bgn@)opglgm aatus 5 1200 when the

communication device is transmitting in fre %Jen ban 2. Capacitor 1206 of FIG. 12 is

selected for fRERIEIRNG PR TERASHEE 2 0RiMey @th&ﬁblgggﬁﬁd%ﬁﬁeﬁ%t@hen the

communigatiothde\dsenspsdasivd ibrinifad issydhand XAV R R cRgsistaps@psiaad capacitor

2810 of lower g%tgvevr#eant%B are selected to

e communlcatlon device is transmitting in frequency band
TX BAND 1. Assuming that frequency band TX BAND 1 is the lower of
the two bands, such as the band associated with AMPS 800, and
frequency band TX BAND 2 is the higher of the two bands, such as the

15  band associated with TDMA 1900, exemplary values for the termination
device 2800 and matching circuit 1202 are as follows: resistor 2802 is 82
ohmes; inductor 2804 is 10 nH; capacitor 2806 is 3.6 pF; resistor 2808 is
30 ohms; capacitor 2810 is 2 pF; transmission line 1204 has a length of
45 mils, a width of 7 mils and an impedance of 50 ohms; transmission line

20 1205 has a length of 170 mils, a width of 7 mils and an impedance of 50
ohms; and capacitor 1206 is 1.8 pF.

Other alternate multiple component termination networks for
termination device 316 of FIG. 3 that compensates for the length of
transmission lines 1204 and 1205 of FIG. 12 are shown in FIGs. 29 and

25 30 as alternate termination devices 2900 and 3000, respectively.
Alternate termination device 2900 includes resistors 2902 and 2903,
inductors 2904 and 2905 and capacitor 2906. Resistor 2902 is coupled in
parallel to resistor 2903. Resistor 2903 is further coupled in series with
inductor 2905, which is further coupled in parallel to a series resonant

30 circuit made up of inductor 2904 and capacitor 2906. Alternate
termination device 3000 includes resistor 3002 and 3003, inductor 3004
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lo have an impedance optimized for best directivity of RF coupler apparatus 1200 when the
communication device is transmitting in frequency band TX BAND 1. Assuming teatsrequancy band
TX BAND 1 is the lower of the two bands, such as the band associated with AMPS 800, and
frequency band TX BAND 2 is the higher of the two bands, such as the 15 band associated with
TDMA 1900, exemplary values for the termination device 2800 and matching circuit 1202 are as
follows: resistor 2802 is 82 ohms; inductor 2804 is 10 nH; capacitor 2806 is 3.6 pF; resistor 2808 is
30 ohms; capawiteapatlos23pb6teansa063io R ir®@obasadenptbdin arilsl eowidth of 7 mils and

an impedance of 50 ; transmissjon. line 20,1205 has a length.of 17Q mils, a width of 7 mils and an

impedance of%%s%’r]wghﬁefﬁ%}&&ﬁb;dé E‘q}@bﬁofﬁlﬁ& 'QI%Hﬁ?eWH%IﬁB@a@Mponent termination

networks for 3607jnakiimh defucth81 6cafiied ir3 phealtEinpeansaies festrakngtbudf nriagemission lines

1204 and 12 fEIG. wn jn FIGs, 2 25 30 as alternate termination devices 2900 and
R S AR e

3000, respec e termination device 0 includes resistors 2902 and 2903, inductors
2904 an@ 2905 and Asisieciton20081Resating 100this lemgbhedfitraparalkdicm lgséstdi22d03. Resistor

2908 is furthelepyplss op pREepovil, WUERIAL0RNAIIE Bludeoariplsgdn aRile! to a series

resonant 30 circuit made up of inductor capacitor ernate termination device 3000

includes resist8P@0hF Kas. 28023 aaecast 3esregtivaly FHED 20MiNiIAE depatormeBd06 and 3007.
Resistor 3008 4scanBleddrn PialiatdmarsiiRhRaRantRYRIGs 3808 1280 15ngAred in series with

capacitor 3007, which is further coupled in parallel to a series resonant circuit made up of capacitor

3006 and indkiZE SBeE et e sR MM SRRRARRNS hAKINEhe RS ek ReMRSIS ANRles 1204 and
1205 of4plG. dzn the @itRMAR deETIaataG BewEe 280, 2PRP @kbrete surface mount

components can be readily swapped to optimize circuit operation. On the
other hand, embedded transmission lines can not be readily probed
during bench testing and the dimensions of embedded transmission lines
are fixed with the then current revision of the printed circuit board. As

15 such, any changes or “tweaks” to embedded transmission lines must be
done through a revision of the printed circuit board, which adds time and
cost to the development process.

It will be further recognized that the impedance transformation

performed by the matching circuit 1202 of FIG. 12 could alternately be

20 performed solely by the termination device 316 of FIG. 3. In this
embodiment, RF coupler apparatus 312 is employed; however, resistor
317 of the termination device 316 is replaced with alternate termination
device 2800 of FIG. 28, 2900 of FIG. 29, 3000 of FIG. 30 or other suitable
circuit arrangement that provides the proper port terminations and

25 ensures good coupler directivity when the communication device 200 is
transmitting in frequency band TX BAND 1 or in frequency band TX BAND
2.

When the communication device 200 is a device that transmits in

more than two frequency bands, such as the tri-band or quad-band

30 wireless telephone described above, RF coupler apparatus 312 of FIG. 3
may be readily extended to accommodate RF coupling in this device. RF




3000 of FIGs. 28, 29 and 30, respectively, also minimize development time and cost. The alternate
termination devices 2800, 2900 and 3000 utilize discrete surface mount compgnesis haying exposed
contacts that 1o can be readily probed during bench testing. The discrete surface mount components
can be readily swapped to optimize circuit operation. On the other hand, embedded transmission lines
can not be readily probed during bench testing and the dimensions of embedded transmission lines
are fixed with the then current revision of the printed circuit board. As 15 such, any changes or

"tweaks" to ectgsided praTamison iney beskienddene teedetede\dsigpier Sparpiiad circuit board,
ill be further recognized that the impedance

hich adds ti t 1o the devel t Ut t
ga&fo?miiéﬁ%@?%r% d g);/ %ﬁ%ﬁ?ﬁ%ﬁ&%@%ﬁf@%&?&?@c% B IStEHRIHIEBRMY 20 performed
solely by the sarTisitatonpledicoiié sf #6 cdmpdtitsilitybitin AR Jdwepdplecenparatus 312 is

loyed; h [ f the termination.device 316 | I ith alternate termination
device 2800 APRIEL 565 Bu et eloB B IS0 B SEr Y o st (SR ERE R hrangerent that
providesihe {iepeeneytiantidndiensmashitteefddres theambouuplkicdtientiityiveh200the communication
device 200 SclpsIuURGLCAIRURRAE CARANGL ShaliaRusRevdIand X BAND 2. When the

communication IS a device that trans n thore than two frequency bands, such as the

tri-band or quakieh2i@ d@naraities eieyitiyrid! 8 Ktelirebabiv, tRRsmilntatiaeaiagBB12 of FIG. 3
may be readilygdensirglireuBrand ¥Rl £94BB"S M HHE MM HF sigRafklf EB 2004 coupler

apparatus 312 may be extended to become RF coupler apparatus “3100 of FIG. 31 without departing
from a single%%ﬂﬂﬁﬁﬁ%ﬁﬁ@ﬁh@%%@iw& 1, a second transmit path having RF power

10 amplifier 3103 and coupler 3107 for transmitting RF signals in frequency
band TX BAND 2, a third transmit path having RF power amplifier 3104
and coupler 3108 for transmitting RF signals in frequency band TX BAND

3 and additional transmit paths, each having a RF power amplifier and a
coupler, up to an Nth transmit path having RF power ampilifier 3105 and
15 coupler 3109 for transmitting in frequency band TX BAND N. The variable
N is the maximum number of frequency bands within which the
communication device 200 transmits. Coupled-path coupling elements
3110-3113 of couplers 3106-3109, respectively, are coupled in series to
form a coupler chain. A termination device 3114, which is similar to the
20 termination device 316 of FIG. 3, is coupled to the isolated port of
coupled-path coupling element 3110. A RF power detector 3115, which is
similar to the RF power detector 313, is coupled to the coupled port of
coupled-path coupling element 3113. Optional matching circuits 31186,
3117 and 3118, similar to matching circuit 1202 of FIG. 12 or alternate
25  matching circuits 1800, 2400, 2500, 2600 and 2700 of FIGs. 18, 24, 25,
26, and 27, respectively, may be coupled in series between couplers
3106-3109, respectively. More particularly, optional matching circuits
3116, 3117 and 3118 may be coupled between consecutive ones of
coupled-path coupling elements, that is, between coupled-path coupling
30 elements 3110 and 3111, between coupled-path coupling elements 3111
and 3112 and between coupled-path coupling elements 3112 and 3113,
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serially coupled couplers and compatibility with a RF power detector faving a single detection diode.
In order to transmit in more than two 5 frequency bands, the transmitter 214 gfthgmemmupaication
device 200 employs alternate transmitter circuitry 3101, shown in FIG. 31. The alternate transmitter
circuitry 3101 defines a first transmit path having RF power amplifier 3102 and coupler 3106 for
transmitting RF signals in frequency band TX BAND 1, a second transmit path having RF power 10
amplifier 3103 and coupler 3107 for transmitting RF signals in frequency band TX BAND 2, a third
transmit path tesgrgtiRElpolerrainatiterdzlize nd4oupjein3LeR iesitosaiting RGsgnals in
frequency bang T aa] ition@lét smit paths, each fﬁev'n a RE power amplifier and a
coupler, up to%gr? 'ﬁﬂﬁ%ﬁér??nﬁrl‘tg E)"g{% %’\}Fr?g é%ggvpv?éﬁr%rgg’iﬂ%?eé% iﬁ%ﬂ%ﬁ%ﬁb&?‘@ﬁ%Q for
transmitting ir2 €0 rfcEh ASdOT X BANIDE NerfinativatieyibeiS 00O wiakI@USON O efsfrequency
bands within whi jGatl [ 0 its. Coupled-path coupling elements
3110-3113 of\gcli;%%l:éﬁg) gi%%@mgrﬁggg@évﬁy?graeﬁg% Eeocﬁ %Fg'ear?gil ?(')rr%“gstc):golj%%r chain. A
terminatién dévi¢8 sellactivebtiesrsiifaeaunies apperatismBdf@evice 316 of FIG. 3, is coupled to the

isolated port of coupg?q?%)pggﬂ}mg #18VEN3 1A %@Wt%%@&ﬂa%%ﬁ which is similar to

the RF power detector 313, is coupled to the coupled port of coupled-path coup ﬁ]g element 3113.
Optional mat@HRYitSRIALI MEltie commnanktesminationmatwany Bilewossttedor|G. 12 or

alternate 25 rgaiphiesete Ys? 4 $08e 24Re IHL N8 AP 8TRiASattBedd 25, 26, and 27,

respectively, may be coupled in_series between couplers 3106-3109, respectively. More particularly,

optional matcRIE§XHERL $18 BM§94PipleRpasatvs dne 8 dpR AN URHEITRBMRBRIA ©bnes of
coupledtpath slecpiicgl elenrenis dhildSAgIwasthepsle B e MPNNDLROretesgRMEB110 and 3111,

between coupled-Balh RN SIeS R S P eSS 45 B DS VBB e path coupling
which are described above as preferably using broadside-coupled
microstriplines, and couplers 3106-3109 of RF coupler apparatus 3100 of
FIG. 31, which may preferably use broadside-coupled microstriplines, may

15  alternately employ other electromagnetic coupling devices such as edge-
coupled striplines, magnetic coupling devices such as those employing
ferrite magnetic media, or any other device capable of generating a
controlled amount of signal transfer from one transmission path to another
transmission path.

20 As described, one advantage of RF coupler apparatus 312 of FIG.
3, RF coupler apparatus 1200 of FIG. 12 and RF coupler apparatus 3100
of FIG. 31 is their compatibility with RF power detector 313 or 3115, which
uses a single detection diode. A detection diode, as described above, is
used for half wave rectifying of the coupled RF signal. It is well known in

25 the art to employ an additional diode, aside from a detection diode, in a
RF power detector for temperature compensation purposes. See for
example, diode 212 in FIG. 2 of U.S. Patent No. 4,523,155 to Walczak et
al., entitled “Temperature Compensated Automatic Output Control
Circuitry for RF Signal Power Amplifiers With Wide Dynamic Range,”

30 issued on June 11, 1985 and assigned to Motorola, Inc., the assignee of
the present application. Under no circumstances should the description of
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11 FEB 2004 respectively. Termination device 3114 may include resistor 317 of FIG. 3, alternate
termination device 2800 of FIG. 28, alternate termination device 2900 of FIG129 pgraltermaie
termination device 3000 of FIG. 30. Couplers 3106-3109, termination device 3114 and optional
matching circuits 3116- 5 3118 collectively form RF coupler apparatus 3100. By merely varying the
values of the aforementioned matching circuits and/or multiple component termination network, it is
possible to compensate for a wide range of possible impedance mismatches presented to the RF
coupler appaRifusaiver ioetee joariitGlar REghanaradeleic @l Stlisa sugirygra sindgle couplers thereof. As
such, it will be éﬁg&%}i]zg%dth%. Io%[t)éetrﬁe:%% . an 3%5091‘URF cgﬂpler a ﬁ)aratus 1?00 of FIG. 12, which
are describeéj above as pre?era'bl?/ using’broa Qg -coup%agmicrggﬁﬁﬁ 588%6 Hﬁ%ﬁlers 3106-3109
of RF coupleBagpd2i0sa3toB160 M athexiithpoayg pietecibly tisat enoadsyde-coupled
microstriplines, Ry AYBEAENL BRI GEELRI ERASBEIG foBling Aexiges stich as edge-
coupled striplines, magnetic coupling devices such as those employing ‘ferrite magnetic media, or any
other device e8pebRUEIQRGRerating a controlled amount of signal transfer from one transmission path
to another transmls§19unsg§gb@8$§ééq§mg}eélW@%Yﬁ@tgg%galﬁfs (&HBBW\ paratus 31_2 of FIG.
3, RF coupler apparatus 1200 of FIG. 12 and RF coupler apparatus 3100 of FIG. 31 is their
compatibility WREIREQHRIBERtEEtHra Vb egiaky aritiedsospleisdrutirdionurade. A detection

diode, as desghiRgri-#ROVEwITe kIR Ens frihwas kectiYing ebiipamsiBlastRE ignweis well known in
25 the art to emEIog/ an additional diode, aside from a detectjon diode, in a RF power detector for

temperature PeampIinsR SN B dripclonindedidde S mivisobtBeURE. Patent No.
4,523,156 to Ydalowal ep ratuided DeefopheaterthaimsepgepasiedlAuonriiceepaptitdControl Circuitry
for RF Signalc%%‘ﬁ'ﬁrﬁéb‘ E&‘P'%B%n‘é"ﬁ%h’!?%ﬁ@d 15 Q-%&aﬂggdency band such as that
associated with TDMA 1900, by adding a matching circuit and/or a
multiple component termination network. While many particular
embodiments have been shown and described, it will be recognized that
15 fdrther modifications may be made. It is therefore intended in the
appended claims to cover all such changes and modifications which fall

within the true spirit and scope of the invention.
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30 issued on June 11, 1985 andassigned to Motorola, Inc., the assignee of the present application.
Under no circumstances should the description of -24 11 FEB 2004 RF powel getecipradigyor RF
power detector 3115 as using a single detection diode mitigate the advantage of using RF coupler
apparatuses 312, 1200 and 3100 with other RF power detectors that employ a detection diode and
additional diodes for temperature compensation or 5 other purposes. Thus it can be seen that a RF
coupling apparatus employing a single coupling structure with serially coupled couplers is suited for
use in a multi-band wireless telephone device and is compatible with a RF power detector employing
a single detegtjpn diodf. directivity of the RF 10 coupling apparatus can be further enhanced,

. The di
particularly w Fgéﬁec ?'t@egoﬁpling RF signals transmitted in a high frequency band such as that

associated with TDMAdd60rdyuaddinRi jredoplag apaiahrsiéonsprisintple component termination
network. While man%( Pearmﬁ!ig%ro & glér_nents have been shown and described, it will be recognized
that 15 further modifications may bé made. It is therefore intended in the appended claims to cover all
such changes and radifiicatiople wHiehfirsll oaithiarthaving isiiantsscona odtpdngvention. 11 FEB

2004 Whnat ISSABRR 5k hdPCin e ERAIUAT Sounlel ARPAIPWSASIMANARE, & termination

|
device; a first coupler, the first coupler having first and second coupling elemerits, the first coupling
element 3o pARANENSYRT iisANIRANAGRY Bamey the spaondicoupinaaierBahin the second coupling

element to CW@IQ“#\&@F&@F@@&?%@%%@rﬁ&%ﬂﬁ@@%@hﬁhﬁém&wp"”g
element coupled in series with the termination device; and . | )

coupling element coupled in series with the termination device; and

a second coupler, the second coupler having first and second
coupling elements, the first coupling element of the second coupler to
10  pass a second RF signal having a frequency in a second frequency band,

the second coupling element of the second coupler to couple the second

RF signal passed by the first coupling element of the second coupler, the

second coupling element of the second coupler coupled in series with the

second coupling element of the first coupler.

2. The radio frequency (RF) coupler apparatus according to claim 1
further comprising a matching circuit coupled in series between the
second coupling element of the first coupler and the second coupling
element of the second coupler.
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a second coupler, the second coupler having first and second coupling elements, the first coupling
element of the second coupler to 1o pass a second RF signal having a frequengyggg sgrend
frequency band, the second coupling element of the second coupler to couple the second RF signal
passed by the first coupling element of the second coupler, the second coupling element of the
second coupler coupled in series with the second coupling element of the first coupler. 2. The radio
frequency (RF) coupler apparatus according to claim 1 further comprising a matching circuit coupled

in series betwgen th¥hsecariid freupbng\e(®AEobapibediiphrauis/eicebedifg seepnFhepupling element
of the second (‘?Ou ler. 11 FEB 2004 3. The radio frequency (RF) coupler apparatus according to claim

2 wherein thd'8&E81Y coupling element of the first coupler has first and second ports, 5 the
termination device cthepksttnthedirstipgeiefribetssfdbedirsouplipdeeratehitstiahe first coupler, and the
matching circgl(iet %onr’gprgﬁg at least one transmission line having first and second ports, the first port of
the at least one?rans%lssmn line coupled to the second port of the second coupling element of the
first 10 céupler. 4. THeertativifratjar ey (EEFS@uplptdtathmfast padooi diegsecdadn 3 wherein the

second coupIF&B"ﬁﬁ%Té,q.‘fetﬁlﬁﬁqﬁgr}gsqqﬂgjsre@agﬁgst and second ports, and 5 the at least one
Ine’co secon

transmission prises first and se trarismission lines, the first transmission line having first
and second ports, tHEEfifs@isHINBIaHeUir SOMTaRsl0RABlcorsURIE Digsiosdium Hpdngof the

first and second ports, the first port of the at least one transmission line
coupled to the second port of the second coupling element of the first
10  coupler.

4, The radio frequency (RF) coupler apparatus according to claim 3
wherein
the second coupling element of the second coupler has first and
second ports, and
5 the at least one transmission line comprises first and second
transmission lines,
the first transmission line having first and second ports, the
first port of the first transmission line coupled to the second port of the :
second coupling element of the first coupler, and
10 the second transmission line having first and second ports,
the first port of the second transmission line coupled to the second port of
the first transmission line, the second port of the second transmission line
coupled to the first port of the second coupling element of the second
coupler.

5. The radio frequency (RF) coupler apparatus according to claim 3

wherein the termination device comprises only a single discrete
component, the single discrete component being a resistor.
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second coupling element of the first coupler, and 10 the second transmission line having first and
second ports, the first port of the second transmission line coupled to the seqendsagyt §f ghe first
transmission line, the second port of the second transmission line coupled to the first port of the
second coupling element of the second coupler. 5. The radio frequency (RF) coupler apparatus
according to claim 3 wherein the termination device comprises only a single discrete component, the
single discrete component being a resistor. 11 FEB 2004 6. The radio frequency (RF) coupler
apparatus aceordingTioectaidiod redirsety IRFIesOUBRSICAPRY NG S ARHBIBRSAS Blliplescomponent
termination network. 7. TT radio freqyency &RB coupler apparatus according to claim 2 wherein the
matching circﬂ’iké\/%%m% eéﬂ]&?é‘@ﬂgasvdﬁ% P BH?é%t.a& A GRRYEREY (RF) coupler

apparatus actendiimatioclagtwbrivherein the single circuit element is a capacitor. 9. The radio
frequency (RF) coupler apparatus according to claim 2 wherein the matching circuit comprises only
discrete surface mount components. 10. The radio frequency (RF) coupler apparatus according to

claim 1 wheréin the toeriaditoinedpianeyc i) risrspie maiie s tsrgrooedin tetondi@tio? network. RADIO

FREQUENC“Q&HRHE&@%@S@A&}%@IS&&%@F% %9& %Ja%lﬁodl? &MH%‘,’I-BA D WIRELESS

COMMUNICATION DEVIC act of the Disclosure equency W%C)upler apparatus
(312) suited for use in a multi-band wireless communication device (200), has a termination device

(316) and coyplers (Pihd il Shralfeiie) PRIMEEAPRLFSHHARRLRLBMding to claim 7

wherein the single circuit element is a capacitor.

9. The radio frequency (RF) coupler apparatus according to claim 2
wherein the matching circuit comprises only discrete surface mount
components.

10.  The radio frequency (RF) coupler apparatus according to claim 1
wherein the termination device comprises a multiple component
termination network.
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has through-path coupling elements (318 and 320) and coupled-path coupling elements (319 and
321). Through-path coupling elements (318 and 320) pass a RF signal that i tp he:Hanggutted
respective frequency bands (TX BAND 1, TX BAND 2) within which the device (200) operates.
Coupled-path coupling elements (319 and 321) couple the RF signals passed by respective
through-path coupling elements (318 and 320). The coupled-path coupling elements (319 and 321)
and the termination device (316) are coupled in series, thereby permitting compatibility with a RF

power detectoR@DIDIFREQEENSNIBOIgRERNMIEIRAZ S FE G @ reaies thigabstract.
A MULTI-BAND WIRELESS COMMUNICATION DEVICE

Abstract of the Disclosure

A radio frequency (RF) coupler apparatus (312) suited for use in a
multi-band wireless communication device (200), has a termination device
(316) and couplers (314 and 315). Each of the couplers (314 and 315)
has through-path coupling elements (318 and 320) and coupled-path
coupling elements (319 and 321). Through-path coupling elements (318
and 320) pass a RF signal that is to be transmitted respective frequency
bands (TX BAND 1, TX BAND 2) within which the device (200) operates.
Coupled-path coupling elements (319 and 321) couple the RF signals
passed by respective through-path coupling elements (318 and 320). The
coupled-path coupling elements (319 and 321) and the termination device
(316) are coupled in series, thereby permitting compatibility with a RF
power detector (313) that uses a single detection diode (322).

FIG. 3 accompanies this abstract.
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