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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

oy nEsIoR AR RRMIRALEI LRI RINR Al B6AUEIA AAARgSe e

power level of the transmitted RF signals, the . 11 FEB 2004 transmitter circu uses a RF
coupler apparatt¥§E2sigienhene.

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




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 qutputs a RF detect signal,
which has an amplitude related to the amplitude of the RF signals output by]R_‘: B%R/e%%%plifier 102 or
103. The RF detect signal is used to control the power level at which the 10 dual band wireless
telephone trandfaifs e RFreuitiy di08npseataRfOdaenjerepiaaatne Ri4peitvetvaetector 109 include

one detection dégg%,%qé Q%ﬁ%§%ﬂcﬁH@CgL{ﬁ]@1§%tﬁ§%?8@%tg%"’(mn vtvmelzi;%ual band wireless

telephone is portable or hand-held, an important goal is to minimize componen Siift. Modifying 15
the RF power de2PIeH10PB{aHR)\AHG SIETHTINMIHGSLiALPBI08 tesheciiveudelatisoRF power detector

109 (ie., to thecjoads ef dauRtipmcipderElo)erdermang dae delarianliods higvould result in

an unacceptable RF voltage loss at the input of the RF power detector 109 a re%uction in the

sensitivity 8f th&IREEGRTHERRE T 2081248 PreoLrips (hartruMEcH! R armF ¢8)sled @pparatus that

is suitable for wsemihatibhlddapg wiselessrmnmBHRicaleR davicgansisduess miBRligation of
components inar}r?F ower detector. 2 1'1 FEB 2004 Brief Description of the Drawings FIG. 1 is a
schematic diaghd mﬂzt?\gﬁnﬁlﬁ%}sﬁtt B SIRALRIPRLIDIRT Ran Al RiRellHAadsia@dphone, the

transmitter circtotipé amplitytgaf Rie &Ftipignapaugius PPMPTiselaf dnpFpalate goupling
Zg\ljggrgs joine{jo'@_ p?h%”ﬁizlzc;(e%'e %tigéntg?%kucg%ar:%m%(i?léf,t%rla'&%%ggae Mnéu{liébagd WireI%ss communication
perable in multiple communication syst : .3 (o4 %{d’t"é‘r‘ﬁ |Ilhr§rat|ng
transmittetOcircditgl baun@d 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.




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 singie ©esphng gtructure
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 appaliiekdesaaptnnted thetBrabinsent 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, thid@rst snaeelipeatiodineran dusiiating psierastdtansnidteoupling signals

transmitted in gge fiepwsnguhangArsanieisd ko ke 3RS 2iptaph illustrating coupling

versus frequency for the first embodiment of the RF coupler apparatus of FIG. 3, the first embodiment
of the RF CoupRIMBINYARSGSRIT ERYPICESRRAHEIER) RABRATRG R dWoSaRARER GEHB)IMANd associated

with TDMA 1903 @8 rKs. jSited Giaphdllestrating isolation versus frequency for a second embodiment
of the RF coupler appfjgt%of FIG. ?k’t e secogfi 3 11 FEB 2004 embodiment of the RF coupler
i

apparatus of FIG. 3 ¢ I8 GRS ARHAM A S HHIRG GUTHA BARD WEEIRSSed with AMPS 800:
FIG. 9 is a grapiitinstraitag crodpNitevepsvstikequendyifts toemserdoatiembydiaes] of the RF coupler

A T L S T R

versus freguencgrumtiication 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




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 asgogiated it ADMA
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 circeitibdtindehisal reptFilbusipidingppalation vEFRGs §egupnioyg foigiedfRF coupler
apparatus of FIG. 12 .when cou {ijn signals transmitted jn the, 20 f ency band associated with
AMPS 800; Fl@riszm W&‘Z#Qéﬁ?ﬁ r‘éﬁ%ﬁﬁﬁyc%ﬁﬁﬂr%s%%?ﬁ? ﬁ%@ﬁ@%ﬁﬁé 'RF coupler apparatus of
FIG. 12 when couplirfg Gighddsargramniiiedtnating doeguliegoyehbsusl fasgoeradgdavitheAMPS 800; FIG. 15

is a graph illustrating.isolation versus freq forthe RE 25 ¢ ratus of FIG. 12 when
coupling signaﬁg (froarﬁjsr%ri]t}%é Cr'rﬂ%(ﬁ ?e‘é&eﬁ%l;gbgﬁ | 55&@&51@&?&%;&{ %ﬁéﬁgﬁ' 16 is a graph
illustrating colgrintigpdiarsus bbthee REy doupher Rppamipkohpifarausoping signatsen coupling signals

transmitted intt,t%l sfmng R@qﬂa_ ﬁg%' Wn\ﬁ'i J&Mﬁé&%% g\%lf_-]g Sba.is a Smith chart diagram
el

illustrating impedance_transformation performed by the matching circuit of the RF coupler -4 11 FEB
2004 apparatus of FIEG.2'@heA espitpsisatngdeiatinnaesundrradaenrfopiirl associated with

TDMA 1900; RIG: sHRis AISSHRMRMIGAIRE AP dbisiatingsuy altareate enabedimgiiopidhe matching
circuit of FIG. 12 employing a single circuit 5 element;
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




FIG. 19 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 fraqeaxy2odd
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 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 coupliaprigaiais tRKMittedvneheapjirensighalsdtessovitied inithe TEREAENOP0; 20 FIG. 22 is

a graph iIIustr%tén %)ég)%g%gr\%% mg\n%aﬁf the RF coupler apparatus of FIG. 12 when using the

.matching circ _ d coupling signals transmitted in the frequency band associated with
TDMA 1900; FIG. 23R$G $aithachanediagicadidiuameailingtraiig anceteraas®ormation performed by the

matching circylt o £l 4 W AERHind e & ch RIS poReraisinbRl Girkieupagicoupling of

si_gnals transmlttg the frequency band associated with TDMA 1900; FIGs. 24-27 are schematic
diagrams $lusteimgmidditional alternate embodiments of the matching circuit of FIG. 12, each

employing multiple disete § FRRY : 6 ¢
?Ilustrating alternate i%n%jgiénagﬁg]gf”{?w%e terlmlnﬁflﬂﬁé%%%%ﬁ?@ qﬁg&a&grzaggz FIG. 31
is a schematicc@iHplehaPRtRIER@HIEAM R WRREHRIBR H?Pcmpﬂ@'m&halétib% device of FIG.

2, the communjgation, Sifics heingiambhasd winplesrcipieplgrsantieaseviatednasmitter
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




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) cqupletEapparans
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 coupling element of the first coupler is operable to pass a signal having a frequency in a
first frequency band. The through-path coupling element of the second coupler is operable to pass a
signal having a frequeFiy. iB aisececkieineaticdaghandlldfteatio g altelechRatapepittag element of each

of the two couplers to cpuple the signal sed by itsr, ctive through-path ¢coupling element. One
end of the cou%fgé'ﬁsrgtﬁocrz%h%ﬁ:nogme e%“ecr%?ﬁoﬂrgee \?lfrcs? 8f§;§%‘r%’o & ‘ﬂ@gﬁécsa(ﬁ/ﬁfﬁ the termination
device. The othiEvicel ditige ao dp athgathr elesp tede Ehome nthef dite fivatectraplemdterpled in series with

RE coupler apoh D SR e HE s e o e E LI RBEE R e, &

multi-banddwiredé$d@othmunication 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 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




30 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 -7 11 FEB 2004 system ("CDNIA FX®"p010d CDMA
dual band wireless telephone that operates 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 wireless base
stations. The communication device 200, as a dual band wireless telephone, communicates with any
one of remote communicaDettailedifss26p tiord o G VRadRéredriaiatmodisspdstive communication links
206 and 207. The communication device 200 includes an antenna 210, a receiver 211 10 coupled to
the antenna 210, a control section 212 coupled to the receiver 211, a user interface 213 coupled to
the control section 212 mdicafregusniitdRE)4£oupldedpparatuscooipusts @ 3irgénd the antenna 210.

The receiver Zéguﬁggﬁﬁﬁﬁg%fmmgwgfg%ﬁgtg)qblriﬁh Q)er%QXCéhr@égh g}e antenna 210

and demodulates signals. ormation from the RF signals, which includes

control inférmatiercanplarsrhasiaderaugisagshostiaebemandang preoiriadpatd receiver 211 to
e conrol secion 42 JUREATISHEERYERHASATLGIDAG UiShANESGR § eyt audbi

speech derivec e voice information and/or data received from message information. Data and
speech input 26 PRERRIe s PRsSAsionakhavhianafaNHENRK KR HEPLEERMFPAL RARA further coupled

to the transmittgr 2 i iRy RPRBCEOAIRG: dIBMERNSMItE s tbha\dudpIemBlopeRasiare transmit paths
for each frequency band and selects the desired transmit p ntro| nal BAND SELECT

, , h under c o{_ [

sent by the coM@§Ps2 &igNA> PAYRSBHFRANBRY1B, %ﬁﬁﬁﬂ&fﬁ'ﬁ%‘%%ﬁﬁgﬂed g':é?[a and speech
signals angl anglifisie dheamosbilgspesigenisntasiteansnus shentivotice ujsisire dofeampmadydand. The
transmitter 214signal 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




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 transmjtteg14 tpihe antenna
210 for 3o 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 -8 11 FEB 2004 transmitter 214, which
sends a signal RF DETECT representative of the actual output power level to the control section 212
via connection 217. The control section 212 adjusts the signal TX CONTROL to minimize differences
between the degsraro(ITPDIPAVISG0E Y04 DO MANdmltbaAdWireled shelaphm @ tiptt power level

represented by the signal REDET. ._The nicati ice. 200. employs one or more printed
circuit boards ?Rg{ %%\AH)EBW@& gféatﬁf:égacwdﬁsemﬂzéd%%ﬁgg%%le%geﬂ1,rfhe control
section 212, thihesxeinténfact 8 tdamiuhieataorsdeitee 200 sofwobthad? Altieongte described as a
dual band wirelesg [elepfione e camumuaication deviss 200 may Alismatxelu e g yireless
telephone that "Operates in' more than'two bahnds, such as a tri-band wirélesstelephone that operates
in GSM 960, GRId wa(ddpel thd 200 86H2GEHIY Wittials S psteenstaisng.1900"); or a quad-band wireless

ilephone tha operaige L oM 0RGYA2900 -4 YRS ARY REANE R Ll the oven

that the communicatior_l dewce_ IS a tri-band wireless hone, remote com unication devices
202 and 203 aSaRMEBigatagdviibnanyeenstef comete sieabHieatien ey ke eRieandith

communicationfink 20RrailA e dhe S ERSNRTHRS MBI RAPR SBIRHdRETE epeat that the 20

communication device 200 is the quad-band wireless telephone, remote communication devices

202-204 as wehORRHHARIRM SRR ORI HARS GRiGR AR 05 2 E6RIMBE Wt communication
link 209 weuld cbghaicertaspameingadndeascoas@staiitias I 1anssitieddocuty ysi¥hvel the transmitter

214 1s shown iBﬂ,Gé%é%r 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




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 amplifiety 3@8m@mmpldies 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. -9 11 FEB 2004 The transmitter circuitry 300 includes a duplexer 306 coupled in the output path

of RF power ampliiesaRieinarfart REdaalaiosigha RPUDETIRGTMSshespRrdranggission in
frequency band TX BAND 2 on connection 308 is amplified by RF%)ower amplifier 303 to produce an

amplified RF 5 oBEHRSIHRFLR VRN RARIAEE GARHRRFHNRIDUR COPRRCHPR R Idower amplifier
303.|¥he :t%ré'sl;smm? @bﬁ@Ws@@Pdﬁ@J@ﬁéc@xﬁWlﬁé%iQﬁ@l TUOBNTRIDE 0 wwmﬁﬁéof RF gower |
amplifier to perform RF isolation. The transmitter circuitry 300 in es a switch 311 under contro
of the signal BAR SEDERSEANREN 315 OSRIERCHPLLIN BAIFVEH RS GRIRPLIRDA14: 302 to the
antenna 21G whamthihe @rinainicatah peverd e26Dreptesamnsttiny ihérsigrei@HBETECBAND 1 and,
alternately, to cagnnect the out th of RF, mplifier 303 tg the antenna 210 when the-
communication mc(é%ﬁ%%]?ﬁ{%ﬁ‘égﬁiﬁlerﬁcﬁ %r@a%végﬁr@f/))&aéﬁe& @%rré]é%&?ﬁecéﬁﬂﬁl is preferably a
single-pole unblE&ﬂdw\(mﬁ&HDbmt) l@mia\pvlbiemaiﬁotﬁealdémqé&hnaﬁieg_ormﬁmsr_emeiaatpqt path of RF
power amplifier 393 f(ﬂé“c@ﬁ%‘g@éﬁ%ﬁ]ﬂ Y 'Wtﬁ% h'%%?ﬂ‘i’fléﬁe}%l&%‘i@a‘?ﬁ:"{ﬁ% %%Qlﬁﬁﬁr@rpsmmmg n

frequency band TX BAND 1 and disconnects the output path of RF power amplifier 302 from the
antenna 210 whér $heredrim@sication device 200 is transmitting in frequency band TX BAND 2. 20

The transmjger circuitry3p{iHuses-arR aQUPlei AR AW <13s 38R aridRdquer detector 313

coupled to the RF coupler apparatus 312, Unlike the RF coupler apparatus of the prior art, the RF
coupler apparaug)mmumcatlon 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.




312 has a single coupling structyre 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 ampiifier8020Gaupler 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 3o element 319 has an isolated port coupled in series directly to the

tcefmirllatig&_)deViCﬁw@ﬂt%aﬁé%ﬁt@@@ﬂ’@ﬂt@BO?Mﬁ"@@é@ %ecﬂmllélk@cgwcbolfbﬂbb e upler 315.
oupler is coupled. in the output path of RF power. amplifier 303. Coypler 315 has through-path
coupling elemenpgg'b%{r%ﬁh&ﬂlﬁ?goq[fﬁﬁn%%E’@@H@m 1SARBAGN-PRNBY SiFALIement 320
has two ports corield utditn¢owtiacomisitianrBi8q GanpldthpatMC @ NIy D eleroantdldris positioned
in close physical proximity ta through-path coupling.element 320. Coupled-path coupling element 321
has an isolated AR 'ﬁdggﬁggp d‘ﬁ%‘@ﬁ{/ @%Sfe%béa%%@ﬁ\ﬁ%a@eﬁﬁé?ﬂﬂ%;&gg coupler 314
and a coupled pattputEigtah sercendeeidly 80 hevREhmRfiaedetectuntBiBpatredeRiination device
316 includes a resjstor 317 ale] C . i t O ed- coupling
element 319 an(% t‘#\vélgcgt%}pe%rﬁgpc%\ggleﬂg g%%?r'ﬁ:%ﬁgg?%h%%&ég EE%@\%? ée eﬁ?orx %{?ﬁ ct%mprises a
single detection g HreleuRE pativofiRB2BowReamplikesiAhe Wepsttiommidbe 322, which

defines the input;gf the, RF-prwesdetarier idyin couprdiluseriesdhclireriiy initieeoyipd port of
coupled-path coupling element 319 of coqéler 314. The cathode of the detection diode 322 is coupled

in series directlyolotifesigahBiyk S2BEWRich thmpriesariitbeutrPalisRidRB25 coupled in
parallel. Thesoutpisd tBenBlifieP etk f3drtenndhle owWpehah®edtmhaviestisiessocal 3, which is

coupled to the control 20 section of FIG. 2 via connection 217.
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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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 theranteppa2d@®4as 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

couplect-path couBiRSISMSISIANE ISHSRLBRAN PIRRASITIRAHEN fPisado, which i
|

selected to have an impedance to match the impedance of coupled-path coup gzgzelement 319-1111

FEB 2004 at its i85MRiiEp8R3eImHRIES He hariBEHEER T HOHRING § Ie0RM at2thansbiated port of

coupled-path couliffgerlgraentalplingewneshtBoygiTneuRiepanilt capiigeRIETBANEE3L of coupler
315 to detection diode 322, which tgﬁgﬁé\ﬁr with acitor 324 If-\g?ove ectifies the fO{ward power to

_ a

5 generate a DCRETYR BRSO RUR I G MU GR BT HE A P HR ORI RRHBLBS R power
amplifier 302. Thel&¥tevtitReissprisiteshed inapes#Ehyaitalprorinplyddyhresigtoipadd to connection
217 as signal RF_DETECT. Durin eration of RE power lifie ugh-path coupling 1o
element 320 of c%%%?e'rnglchaepmaggé%%@é e@ﬁg nji%((jj%%&gn%ﬁﬂﬁ)éj?@é %%%%%v%éﬁwpliﬁer 303 towards
the antenna 210 iaslfdrdapdrp omep|ethih reerdsedirefity todcponiedspat thecapipifieleR©esignal as

reverse power. SRuraLFayRiaFIOICRICRD o SRR CAUR BRRINAng e present o

through-path coupling element e coupl coupled-path coupling element 321, and

couples reverse POWeF prisetaral ! thrdUihipEtHNEIANiAg \drenvdift Betidetha issieied Bbrt of
coupled-paify CoHRliihIRBBALIBLPIEE ISAUEGENIE PhertBIvbhaBLCoRHIBaRIRmpNt 321 is

terminated by coupled-path coupling element 319 and the resistor
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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317 of the termination device 31§ to eliminate the reverse power at the 20 isolated port of
coupled-path coupling element 321. The forward power at the isolated port of goggdpggh 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 usg n@h%@*ﬂ@drﬁeﬁsﬂenﬁﬁr@ft&m&@v’é}é@&q’%ﬁ ‘FHB?&WB?gaggLK}gP gjthe

termination device 316. Coupling elements 318 and 319 of coupler 314 30 an Ing elements 320

and 321 of coupléie3ssiated peftp{mgurigd-naih meariing plem e Aifiianapeedisodghand TX
BAND 1 is the lowgy %—éﬂgﬁﬁ%@ﬂ%@I%éﬂ@?ﬁ%é&'ﬁf&%f@eﬁ@%%@ﬁéﬂ%ﬁg Wi AMPS 800,

and frequency band TX BAND 2 is the higher of the two bands, such as such as the band associated

with TDMA 1900"8ighipRFheAIvdd eRRAEIRF3RAIAE WY reekfies sha dosvasd @avRéta14, each
stripline of cgupligereiemeats 81érag3popariadanaiitied H0pIMike amiihaiplifedilsFan impedance

of 50 ohms and a, horjzontal sep;_.{ftion of 5 mgj from the %&e}r stripline; For coupler 315, 10 each
stripline of couplFIgA SRS Y inRAr RIRIIER P or ISomY GRS 572, an impedance

of 50 ohms and gapatiton®2$epat athupleidconisdisior rSathevatigtivn and kersigrairRAon device
316, resistor 3175‘?fé)6.fmpedance of 50 ohms. 15 As is well known in the art, the effectiveness of an
RF coupler apparaius )

During operation of RF power amplifier 303, through-path coupling

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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is measured by its directivity. Dirgctivity, which may generally defined be as a coupler's ability to
separate forward and reverse power, can be measured by subtracting the couplingg the &1 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 angr3h3 AR (RIS IER BHH R SoLRlR AMPRRISEA3ORRTgLes in the following

manner. When coupling RF signals transmitted in the lower band for AMPS 800, RF coupler

apparatus 312 SXRBHRNHIBADA draBANDR) igBhadighsrk RN 280ds. sHShABkbupling of

about -21 dB, asshawbaNPaE¥céa Wth FDR R0 ¥isdd exdiraaiviiv alLalor %2 ¢ When coupling
RF signals transmitted in the higher band for TDMA 1900, RF coupler apparatus 312 exhibits -13 17

FEB 2004 isolatftHBIRRRAEUUES 52 &ffwn by point 600 in FIG. 6, and coupling of about -19 dB, as
shown by pgint 700 in Fi§y.couplyiedd 4 directivity of about -35 dB. These directivities of -29 dB and

-35dB b tified llent. 5 Wh bl hand-held,.th ication device 200

ses, where possible, miE AR ATHER G EUPL B SR ACHAEOE H S BAS A RBA A factor. i

this regard, each of the c&qflers!8la widlBa67 (Fefdsqlay irepdfandsidé S opled aanctastriplines, which

provide a more compact ﬁgH?B%%Itlggp ép%igﬂgoef-g%ﬁgeﬂ R%H'B#'Q%@%‘?%ﬁﬂ%ﬁﬂ above. 1o Examples of
0 e

broadside-coupled microstripline coupler structures are shown and descri del’n U.S. Patent No.
5,448,771 to KlomsdorfFer goupletittd;Embedded Tranmission Line Coupler For Radio Frequency

Signal Ampyfiers,” issued o SepBIMEs Ped g Mcaingeship aMPES9IRaG 1dRGRSSIgNEE Of the

present application. In operation, an _
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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15 embedded broadside-coupled(microstripline coupler has a compleix impedance (i.e., impedances
having a real part and an imaginary part) and generally must be terminated bjyrg tergingimn 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 associgighih IHAI 900 EremRlADL Al PB R BEPP 4Dl anpiBlimalere. For

coupler 314, a) microstripline of coupling element 3 near-shaped with a mils and a

width of 30 mils, 3R @BIiRe shevtiphrgeiahvdf B1bl@E. € khuigkd avtiietivip effective length of
310 mils fit to a lgpgth H3EB Mitnesel @reveiiies L9 Ddiendngnds e hREB q09Atgdgicrostriplines

of coupling elements 318 and 319 are spaced apart vertically by 9 mils; For coupler 315, a)
microstripline of @ &¥HeY¥Mement 320 is linear-shaped with a 5 length of 120 mils and a width of 30

mils, b) micepstripline of\teeRlprHalsenhaat B -sharewithratiefestive depgbnaki30 mils fit to a
length 120 mils and a width . of 10 mils, gnd %mic,rostrgolines of co%pling elements 320 and 321 are
spaced 10 apari’vr\}/‘@rt?cgfﬁ?ﬂylﬁ’rﬁﬂ@,'gﬁﬂ%‘ ENRIRARE /P ARREEHNS hEFRE¥RRA317 has an

impedance of 2&ohstmined 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
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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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 couplingiRF signajg 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 opergjesriltrixtriolioss g ovupliey YiwerceudlidaF3ignads tpasedtted in the lower
band for AMPS 800, RF coypler,apparat 3]]2_exhibits isolation of about -47 dB, as shown by point
800 in FIG. 8, and coup@iﬂ%&ygﬁgpﬁﬁyﬁyg%még’% shown by point 900 in FIG. 9, to yield directivity of
about -26 dB. WherFgopuoplipteRB1Signals transmitted in the higher band for TDMA 1900, RF coupler

apparatus 312 exhihits isolatign qf about -32 dB, . point 1000 in F1¢., .10, and coupling of
about -21 dB, as Shg\anrTB():/rB(S)IH q'ffoﬁﬂ%oﬁ@n %15}%5% %ﬁ%%?@fﬁ%%%%%@%ﬁtwﬁgg When coupling
RF 30 signals transmittengthief ARhenilsaanidier WiDi A11300)itee directivity of the embodiment of this

example of RF coup[gjr APRYE %%}scg%ﬁ' M sAP3bA EE‘%’ZQQé‘dsé%ﬁﬁ%me directivity of the

embodiment of the previous ex mlg e of RF coUpler apparatus 312. This low directivity when coupling
RF signals transmitted&fféetivedaegiheld 1130 mpmﬁt loedangihd 2iMlren eI MHME of RF coupler
apparatus 312 to termir@tqdhﬁijgpgd port of through-path 5 coupling element 321 with the proper
impedance. To enhance directivity, an alternate preferred RF coupler agparatus 1200 shown in FIG.

12 may be used. RFELolPREPEFPARas ShoRePling flaeRs parldRaliare sPR#EEupler apparatus
312 butyglso includes axpatciéttceinguily L aiscamded in series between couplers 314 10 and 315.

The matching Circm%zr%r?nmr{)a{%% tég\r}%rgig?i&n lines 1204 and
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
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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 fortraagmission 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 couplirgefifitinsignalisdstnsyniteds e fieodiensit keEnHel prSANIS exdrepratsiAiy circuit 1202
provides the proper termination impedance at the isolated port of through-path coupling element 321.
During coupliﬁaucﬁ%{r—agﬁw iuﬁaénqynit bsif?VYrgarﬁgT% yb\é{ﬁénl' %BQW@%@H@&N@ circuit 1202
operates as arlamsafhittedstrénsgiseorband foalliEga negliotale eéfetiribuizairer fuimsier to the RF
power detector, . Assuming that fre cy, band TX BAND 1.is the lower of the twq bands, such as
fhe band ass QLA ARl AARRE e i e e R R R R R R P ne two bands,
such as the (cang g edéatehihWdd1 T AL perempedancdues for the matching 30 circuit 1202 are

follows: t issian.li has.a: ' ' ' ' d f 100
chme: ransmisaion 1o L L EE DU 130 Rea o ot o e ey

impedance of 208 sheig) ih i§apkifory Rea ked.2 BF crypipinRRareduspbadedt count, transmission
lines 1204 and 3R fkad ﬁ@Ql%mﬁfﬁ‘Jr%tBPﬁFrEBSBF@dal_ng&ﬂ&@tgqfib‘EHiER‘Efird of the

communication device 200, which may be 5 composed of 4 fiberglass material. Capacitor 1206 is

preferably a HISHERS @ MBHTHERY FIERUE IRRMEIVBICEHIE SeHesPSIWRePrARERIRIRGit 4board. Using the
exemplagy vales dasthe neatehipeisg eiedi92emdiifoys 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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exemplary values for couplers 314 and 315 and the termination device 10 316 described above in
association with FIGs. 8-11, RF coupler apparatus 1200 operates in the followimgapBnpen AVhen
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 poir2(d56asreHEBgid oaB0Touilir widibh afts 1AEndashamwedyneeinf HQQ0 in FIG. 16, to

yield a directivity of abqut - 32.dB. oupler apparatus 1200, when coupling RF signals transmitted
20 at the edg%%%?’tﬁg ﬁ:; & ’%6(11 l?ogrﬁ'lﬁag E%%O?%%i 5@%390%7{?%%?%@0%%9& dB, as shown by
point 1502 intiéki@&mis siohidhedor2Owisndol Bl guef pabtaralilp i teicdtisps dinelotidie dfimbout -21 dB.

AS can be seet W FOPIRSHRF-PBRA IARGIARINJDR Aokes DAREL{OR TN 1900, the - 32 B

and -21 dB tivities o oupling apparatu are mu better than’the -11 dB directivity of

the previous eenteeRedof Sifke fisiplasapprieias J3apatitomi 2R i pieéetamy éf RF coupling

apparatus 1200 aateiHiaiie e Pans e HIRAIN S8 ralated RRE Sfifieeughepath coupling
element 321 when RF coupling apparatus 1200 is coupling RF 30 signals transmitted in the higher

band for TDMR&1900. Operation of the matching circuit 1202, is further described with reference to
FIG. 17. The -17 11LFsErEgQQQ%QQW%}MWlﬁ§%ﬂﬁ@'1ﬂ%§6mﬁ%@i%ﬂ|qmbﬁﬁﬁ@5 a complex

impedance of 31+ j16, as shown normalized at point 1700 in FIG. 17. Transmission line 1204

transforms tHXEHIRIALK YHIHESdRES RIS ABARA 3 Lo At RISERRRICS: dBYER 39 + j44, as shown
normalized ag peitebctb@t iadoe ih7assapartion MAPOFIGH 8- ransPrcas ther eppalerusmpedance of

about 39 + j4ﬁ2i8600%39am£s|% %’%‘é’?&%%%é’fn%’r?#ér3.7wﬁ‘é‘n 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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as shown normalized at point 1702 in FIG. 17. Transmission line 1206 further transforms the complex
impedance of about 37 - j44 into a complex impedance of about 28 - 2, as showgr®ermabzed at point
1703 1o in FIG. 17; thereby, providing a suitable termination 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 moub wolep@aentfcngtidrfaiZduphagitled’Od 81eaupies ddspies between coupling
elements 319 and 321. As ing that frequency band TX BAND. 1.s the lower of the two bands, such
as the band 4585 %%Mﬁgﬂ]mgé’ %éﬁgﬂ’&‘ I’P&W&Eﬁ%ﬁ&@&t Iii 'Q%\%néﬁigher of the two
bands, such Zfaas thisdiandirsd@H4tedvetbriis Ve t86thlan enpetane il dd for gamacitor 1802 is
5.6 pF. Although shqwn.to employ a single discrete  surface mount component, alternate matching
circuit 1800 r%g:f Qérer)l(a'tﬁ?erg§8%§hojrasgﬁagé§i;raﬁ%4éI%?n%ﬁ?%’p?@%ﬁ?gﬁé:%t 88' as a single
embeddéd trandrhissidling cdqpeditorstries hothecharaiplimg dhencentpl@6 319 and 321. Using the

| . 266 bathechiry 1, Usir
14 o 315 e S L D A O T o 1 e

314 and 315 and the termination device
coupler appatat§8aw0mepasieed @t biddgmidfmel 7WheansoissiphhigRE285nals transmitted in
the lower bang{Ae AVERR1BHRsHHE WQWWaREeCBPQE%LﬂW[‘}WiA@Q exhibits isolation of
about -47 -18 17 FEB 2004 dB, as shown by point 1900 in FIG. 19, and coupling of about -21 dB, as
shown by pofRDeiRXiiMpesansa &l alie\died nify 3% abewnperaealiaadat BeIMIhGORF signals
transmified intiFediaieriRarshipp &g 208y taisiceiavparistiRm phftfasreelat fparatus 1200

exhibits isolation of about -43
isolated port ?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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5 dB, as shown by point 2100 in FIG. 21, and coupling of about -22 dB, as shown by point 2200 in
FIG. 22, to yield a directivity of about -21 dB. When coupling RF signals trangmitteggn 4l pigher band
for TDMA 1900, this embodiment of RF coupling apparatus 1200 is further described with reference
to FIG. 23. As previously specified, coupled-path coupling 10 element 321 presents a complex
impedance of about 31+ 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 normatiBed sishoinh 23020inF1608 3 AliBoughahe dansiegotdisompx dBpadance of 31 +j1
does not exactly match the ahm inpedance of the terminatjon device 316, there is sufficient
termination at the 10 Xt%'Bﬁ%@‘%‘% 'é‘o%b%féﬁﬂ X'SE% r&%tll H’Ye t{saréfgt %@j é@l M‘ﬁ’{l‘s embodiment
of RF couplecapphrglif-1sigaats heares gotded dir éloenighas benfiddoyidzs 1892 2hidowever, alternate
matching circyj [ n limitati ' iment E coupling 20
apparatus 125%1#1%%}%@9 ééﬁgﬁg@ g%e%%ég? %ﬁgqgﬁﬁgﬁﬁgzgﬂ%@%%% g’ t the high edge
of the bahd a@%@atéhwmmi@fl%‘(mdﬁ BHawa imn@@mlmgm@mmlteﬂ]a& @atching circuits of
FiGs. 24 - 27 opiong oo Priface s UIAGRALERRG"Y auaid uss ghembedded 25

elements, such as transmission lines, which often require many iterations of printed circuit board

revisions for dpheTACRIMGIANE Figiath dtenpyiteintthacudiar band fempRY @M ors 2402 and
2403, which afes saRiHYiFRMIBH RENAEENIA %ﬁmsmm%mﬁa%eﬁ% At capacitor
uc

2404 coupled between the_interconnection of inductors 2402 30 and 2403 and electrical ground.

Alternate maf@ifi§esR iR bR FAS. PReYigHBlL s REIHS St SRUPIRT RAH SSUBlINGIch are serially
coupledigl9 dlefrieRt20¢ frebiees seuplipe cieipedindsbraB S 13 angha sheshinwHctor 2504

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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coupled between the interconnection of capacitors 2502 and 2503 and electrical ground. Alternate
matching circuit 2600 of FIG. 26 employs capacitor 2602, which is serially counlegkpetiveen coupling
elements 319 5 and 321; shunt inductor 2604, which is coupled between coupling element 319 and
electrical ground; and shunt inductor 2605, which is coupled between coupling element 321 and
electrical ground. Alternate matching circuit 2700 of FIG. 27 employs inductor 2702, which is serially
coupled between coupling elements 319 and 321; shunt capacitor 2704, which is 10 coupled between
coupling elerbetwd&A sodirgtalkahgrisidd SemadsB2ns axapacitaurd 108uetbichsis4oupled between

coupling element 321 and elecirical ground. In.some topologies prin jrcuit board may have
imitec spacE SRR GRS 4 YA ST RS R A 2D A2 O AHching cireut 1202
of FIG. 12 arelerbiahgredddd. Aiternahecmaiamitancies,itr 265M st EiGliR2Ssekapbpnd 1205 that are
embedded may_lack cessary. ical | h_ f uisite impedance , trgnsformation. To
compensate (\;V%CPeanC{ Oe}%:ﬁggt\é%@r%ﬁgﬁ {gaﬁl s%%%gsl%og[)hgr}l@é%%é}%f%%ﬁj% %Stéhgﬁ, the termination
device 3346 oftik F2H 26hcouphelusppaRafid Mochdsrcempasy éterearcccupling @lamefdrm of a

multiple comg’g@egme&gaﬁ%pg}gmﬁl%m gﬂﬂﬁ{%mg%&z@hf&%%@&evm provide a

complex impedance and Includé€ resonant circuits to provide optimal terminations when the

communicatibgesteCoplibEratEMer fannttielg o ivabaydhaitemeBARaichidrequency 25
band TX BAND -2/ dtrsBale DA MGRAERIGIS BOOWIHRIT |6 séfalf teigiggtermination device

2800 includes upper and lower networks 2801 and 2803 coupled in series between the isolated port

of coupled- pREVERRIFRHBINIESIEMERiS3 81 8RFSA e hHat CARRSGIRE RO Y8Ehiitiudes resistor
2802 ang a sgyigs|EspefiesHEsUpNhFBIseat s 11 s delstet ?8Qdarthaamagsitor 2806, coupled

e o Actor 2705: Which 16 Goupled betwaan Soupling efement 521 Hney o 2610 coupled in
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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1'7 FEB 2004 parallel to resistor;2808. Inductor 2804 and capacitor 2806 are selected to have values
such that the series resonant circuit is tuned to frequencies of interest in frequengyRapd gx BAND 1.
Resistor 2802 is selected to have an impedance optimized for best directivity of RF coupler apparatus
5 1200 when the communication device is transmitting in frequency band TX BAND 2. Capacitor 1206
of FIG. 12 is selected for final tuning of the impedance presented to RF coupler apparatus 1200 when
the communication device is transmitting in frequency band TX BAND 2. Resistor 2808 and capacitor

2810 of lowepaeaNer ko283 ae 28iecteddadon2sesanmpagaciteraseizee kydgagdirectivity of RF
coupler appaEatﬁs 1209 when the, cogﬁnunication device is trapsmijtting in frequency band TX BAND

1. Assuming Ra ?P’eeq\tlj H&? t%fﬁ&%@ RiBLTS {ﬁé?&ﬁ[@} BYCHL IR %&fw 8% band
associated with iAtd RS taadrequEmey banc DARRAND BANRGsmteshiphesofdtietno bands, such as

the 15 band ciated wi emplary,.values for, termination device 2800 and
matching circﬁﬁ%lgzé% Z’?‘g\%%%%\c@%%i%gf%s%gg Cﬁﬁﬁ s(;)fitnH u&%?%bf Riia Lf—?; capacitor 2806
is 3.6 pF5resit02808nstheoconmzy rimadionon@8ae iis Parsmitimgnirssiequerecy 2htas a length of 45
mils, a width ek/¢gmi i ;s issiqn Ji length of 170
mils, a width g?(?%'g%n@g ?r:aprrglggggﬁggggkggl%]hrﬁn%;I%%?%%%ﬁgggrﬂﬁ&ﬁ%@%ther alternate
multiple compoRasases PN irsio RE RIUREMARRRIAtHeVIEOB YeNHIG. 3 that compensates for

the length of deanamisRigndingevicdbanthiafifi i FrebedrieySHand X B&RFS and 25 30 as

alternate termination devices 2900 and 3000, respectively. Alternate termination device 2900 includes

resistors 290 8RFPHEE0fhaneicaPa0tar £8  SodoNR! Pepaeror808aIrREaRBIEI is coupled in
parallel g resigios 290 Refsies Sphmisdurbep soLmiediniseoeR M EoupYEppaRARsWhich is further

coupled I palgle] 10 8 Seee oL Dl GA 305 SRSt Ridyctor 2904 and capacitor 2906,
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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termination device 3000 includes resistor 3002 and 3003, inductor 3004 -21 11 FEB 2004 and
capacitors 3006 and 3007. Resistor 3002 is coupled in parallel to resistor 30@3 Resistpp$Q03 is
further coupled in series with capacitor 3007, which is further coupled in parallel to a series resonant
circuit made up of capacitor 3006 and inductor 3005. 5 Aside from compensating for the length of
transmission lines 1204 and 1205 of FIG. 12, the alternate termination devices 2800, 2900 and 3000
of FIGs. 28, 29 and 30, respectively, also minimize development time and cost. The alternate
termination dawitea 28612 BB0arehd BUD UtiFresiignrSBOLidanipied i gRiriRIests having exposed

contacts that 1lo.can adiy probe, ring bench testing, .The discrete surface mount components
can be readil§/e§ ' g rp%%é% gglérﬁé) rcﬁ%%% 53&@3%5?6}9%% '%ﬁ%@%ﬁ'ﬁ‘e‘?ﬁ%ﬁﬁ% transmission lines
can not be re20dy padtietd idfuititebenopltestmpaatahe dirvensorssohantagadsdntragemission lines
are fixed wit [ ision .of the prj circuit board. As 15 such, any changes or
"tweaks" to &nﬁ%ﬁ%%%%ﬁﬁi%%@éo%ﬁ?n@g Erjr?%os% %és%bne through a revision of the printed circuit board,
which adis time and\sidetfronheatepeigatingtfprdbedsnyiwibideaisthiasiendgreseO¥t the impedance

transformatiogn@qré@r étq%@%cgg%r%gg%%ﬂ%ﬁ%’ﬁ%ﬁéﬁggg%g}l aatgp(cpe 20 performed

solely by the termination device In"this em ent, upler apparatus 312 is
employed; hotf&feef feikistoR 83 £ enthSteresnastivalsvalesminisniapldeye amantrnate termination

device 2800 gl Gna®I0% ALRIBrANSRIN RIS JORiaoBuaRls Lipdbggrangement that

provides the proper port terminations and 25 ensures good coupler directiviti/ﬁ;/:vhen the communication

device 200 isUlifFASSHRERIGS HEBLR RYLBHFPTRIDENS A2INY REROERECRRRREIBXIBAND 2. When the
commuicatiefrlpeicezl) isralsiay gerihgbsaBRNEEiRy. 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 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




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 accomiedaie Rfpgoupling in
this device. RF -22 11 FEB 2004 coupler apparatus 312 may be extended to become RF coupler
apparatus 3100 of FIG. 31 without departing from a single coupling structure having serially coupled
couplers and compatibility with a RF power detector having a single detection diode. In order to
transmit in more than two 5 frequency bands, the transmitter 214 of the communication device 200

employs altercatpleaappétatusreliynditie shwwdéd fbatbmdR RSN HppaRittar circuitry 3101
defines a firs smitpath.havi F . power amplifier 3102 and coupler 3106 for transmitting RF
signals in fretat@rgc(?/? I}J:gﬁdh#(vﬁﬁ%b f,%@ﬁ&@n@‘?@r?sﬁ’ﬂ%%ﬁ%ﬂ%ﬁéﬁwmP%"?;\?npIifier 3103
and coupler @ afty ¢ransetttogRérsignalsampatibititycyithaa RIF P BANRIGicz idird transmit path
having RF poyer. lifier 31 c r 3108 for trapsmitting RE signals in frequency band TX
BAND 3 ancl S ibaal (essre et SR st e mAds s

S, each’having a P av‘&%upler, up to an Nth
transmit path freqienRFHenwler thepidiesBitts aid o6 thbeuptenBLAR&icnadsvivkizg®in frequency band

TX BAND N. | ' ' : fr ds, yithin which the
communicatio%w%é%f%%%&%?rﬁts. ouﬁ%}é}ga §crloajriling e Qrixeﬁsa'é 0-319.3 of couplers
3106-3109, rédisspatetfanrnibaprieciitacade telgtinessachisbisanhaii patemiviaioRFlevice 3114,

which is Sigo i erAORITHROR RPUSTHII 905 13: Relidiiere g fsflejed port o
coupled-path coupling element 3110. A RF power detector 3115, which is “similar to the RF power

detector 313,/ TERUERREARH SBARIE Jor? sEcNb A0S AN BatipiayieeRERBYEB. Optional

matchingcircaitipid 63 RIBLAraNEtbIS: Siraifatoioraatehinit §iRmisibAEsahfiEqdeney alternate 25
matching cireplts 4 800pa 13 £ 2 B R i o Havig HE pawer 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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26, and 27, respectively, may be coupled in series between couplersy3106-3109, respectively. More
particularly, optional matching circuits 3116, 3117 and 3118 may be coupled petwesn gonaecutive
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, -23 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 rédpi&:tR@lyr alemminatierndeviterBddvica0PilatiE!2sRloCOUPler 181 35-3109,

termination deyj ional matching circuj 16- 5 3118 collectively form RF coupler
apparatus 31 gg&ygﬁeﬁ%%%%@?ﬁg%\é‘?/%%%@80 {ﬂ%g%ﬁgﬁﬁgﬂ%dt%%mﬁaxﬂ%ﬂﬁg and/or multiple
component te280fatibhlfet@@dy; dlisrpatsidemnatonpmndete300@ ofifEIaB0e Coppseitle impedance
mismatches giRseniFadadmRERRHRIAPBRIHUS dus i paripler mechanicalor o electrical
structure of the couplers’t_hereo . As such, 1t will be recoegnlze tha COLl%Fellrng 4 anc?élS of RF
coupler dppacitdS £adediveiniarm RihiepumterdipaitaddsBi08.as preferably using broadside-coupled

microstipines, and e plefe ARy OREVRT EOUPARRAGAHER AIA0. LI EiGhyAd. vinich may

preferably use broadside-coupled miCrostriplines, may 15 alternately employ other electromagnetic
coupling devi€8§WR AR UGRLIBRIGHEMBRMREIS AR RIUAITHg itis/Resshler s those
employing feggie Pea@aed ssPadiaderany oI odeIfe iIpRbadin 66 aRBRTalEHea controlled amount of

signal transfer from on[i transmission path to another transmission path. 20 As described, one

advantage of ERSENIBRIAPIRATLSCPEE ERRET MUK U IR IBE RATHFMAS TRIMBRIERL 012 and RF
coupler apparbritd)Gtaldtlce Siliistbeiitersnpsbiiy Wi SREH e driestighiZeer 3115, which

uses a single gt e o S L A AT oD Hles A5 SesSRed 2080 '3t FiG. 12,
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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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 tempgratie £ogyensation
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 -24 11 FEB
2004 RF powaFdetecndsistor B ponBFdstecoddtidaSusBigaa ssnglea dftgion diode mitigate the

advantage of ysing.RF coupler . ratuses 312. 1200 and 3 with, other RF power detectors that
employ a detcgea?onl%’i\oé’go%(ﬁn é&%ﬁ?%%ﬁ?(ﬂ%&%@%&eteoﬁ%séw urg%grﬁBlgﬁsa‘ﬂ%q{%ﬁ’%ather purposes.
Thus it can b8 E2ehdbatcan @R B iplitiy ethpafusmyvepldgirgtarsihglieeroplaing structure with serially
coupled coup IS:SHI r in @& I- | t n Vi 1d is compatible with a
RF power de(!%‘;eré%fgiléHm%ﬂgéigndﬂﬁér?g@I%}g%é(ﬁgﬁg&ﬁ%ﬂgﬁggﬁgﬁvﬁgﬁﬁg g{;lgrf(? goupling apparatus
can be férthep1stiange@sgarticularly with respect to coupling RF signals transmitted in a high

frequency band sucﬁ-ﬁgsﬂﬁaéaﬂsggggg;gt%tpg%ga% Q}Segfgﬂ%%mafs mg gircuit and/or a

multiple component termination network. While many particular embodiments have been shown and
described, it RNIAE FOLRYIRNE SArHeiy e WitRiSET RIBOARURISHCRIBISS ifsuiter fotHiseMre intended in

the appendeg ﬁ%@“%é‘h&%élé%%\l%ﬁﬁ@ﬁg%@i@@ afliscasiapanchidlla Wb polertrue spirit and
scope of the invention. 11 FEB 2004 What is claimed is: 1. A radio frequenc¥h(RE coupler apparatus
e

comprising: detettor embloving.a single detection diode. The directivity of
10 coupling apparatus can be further enhanced, particularly with respect to

coupling RF signals transmitted in a high frequency 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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a first coupler, the first coupler having first and second coupling elerjents, the first coupling element to
pass a first RF signal having a 5 frequency in a first frequency band, the secand pesplirgpalement to
couple the first RF signal passed by the first coupling element, the second 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 %Lﬁpl{'[ng element .of the second coupler coupled in series with the second coupling
element of the firt! ocd8|g}?§.'ﬁ'he radio frequency (RF) coupler apparatus according to claim 1

further comprising afAmatibifiggirenityc(Rip)exbunp ke Egsplaesivesecoting riséogind coupling element of the
first coupler and the sgé:r%ﬂé:tc?#rp@égﬁceéement of the second coupler. 11 FEB 2004 3. The radio

frequency (RF) cougler apparatus accorting to claim 2 wherein the second coupling element of the
first coupler has firsaditdt sevpter,gbad|rstbeueieninaviog dslicandsgoetdctuplimgt port of the second

coupling elergeniahie fisraUAEpIRRUIBFBIARY ST Wi ALIBRA AL GAR) gne transmission line

having first and second ports, the first port of the at'least one transniission line” coupled to the second
port of tHe sdtefdapiing bishiceauanpy Arid dhaaprand codplingie'eragntiry (RF) coupler

apparatus ac&@lﬁ@légtltfé GlARE Wbﬁﬁi;ﬂa%ae&@ﬂ%%%%;ﬂiﬁ@@@rﬁém?tﬁéc‘%&ﬁ@”p|er has first
and second ports, and _ . _ o _

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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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 transmigsaigling,gaupled 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 ac@ordingTiecclaitioI redueseby ((RPesoupRicapBayiras astdisasORl:ABNgle discrete
component, theﬂ?n%e discrete component being a resistor. 11 FEB 2004 6. The radio frequency (RF)
coupler appa?% §%1ccording to claim 3 wherein the termination device comprises a multiple
component termination setondkcauding reidmdragfaeheyfiRFommlplenapfisgpittiaccording to claim 2
wherein the matchirég ciFFuit comprises only a single circuit element. 8. The radio frequency (RF)
secondpori : ) . o ; : .
coupler apparatus according to claim 7 wherein the single circuit element is a capacitor. 9. The radio
frequenc§ (RF) couplee tepairsttic radericéngoiapidaiio 2hevfiesepothefttadchéngod cuit comprises only

discrete surfag&jm [ Rfejeluatelslallaicy A4 Iggg@gi%ﬁgquency (RF) coupler apparatus according to
T :

claim 1 wherein ermination device comp |§eé a multiple component termination network. RADIO
FREQUENCY COUMERAFHPIRATUE SUIIABISERHEE USTE IRars MissionBAGI DaWIRELESS

COMMUNICAHOM PEMGRaHEacheTiRE FURCHISHE 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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A radio frequency (RF) coupler apparatus (312) suited for use in a muylti-band wireless communication
device (200), has a termination device (316) and couplers (314 and 315). Each ofihe sgdplers (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 60uplirit:h@em&otﬁéamérﬁmEmbmpapﬁmwaéweliﬁ@ Rlemants (319 and 321)
and the termination.devic é(316 are coupled in series, thereby permitting compatibility with a RF
power detect&%ﬁ?%% 8y E%éedg}%&%ﬂﬁﬂsaé PRI CAMREBRBanies this abstract.

termination network.

7. The radio frequency (RF) coupler apparatus according to claim 2
wherein the matching circuit comprises only a single circuit element.

8. The radio frequency (RF) coupler apparatus according 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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