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PONER DETECTOR W TH ‘MATCHI NG | MPEDANCE FOR RADI O FREQUENCY WP
ANPLI FI ERS Background of the Invention 5 The present inventiion is gené?gmiij
related to radio frequency (RF) signal couplers, and nore particularly to a
powgr detector with a matching i npedance ffor RF signal anplifiers of
cellular tel ephones. 10 In conventional cellular telephones, power
detectors typically have been inplenented by neans of diode detectors (see

US patent nos. 4, SIOWERDETECPORZWITH MATCHINGEIMPEDANCEty of such
prior art diode dete ﬁ.@\gﬁg fa +C ed in order
to detect |ow |evel g iﬁ'@bféca#ﬁig L@Gﬁﬁl‘bm*’i‘?gnggsgct t he | ower
power |evels of RF signals produced by RF signal anplifiers of cellular

t el ephones, 15 dB of couplingyg Bess mg%ﬁgﬁpl er typically has an
i nsertion |loss of 0.25 dB or ﬂ#&i T ' bstantial anmount of
current drai ® that reduces battery talk time. For 20 the foregoing
reasons, there is a %Qéemﬁ q BtédP%o rRdio has enhanced
detection sensitjvi Urlrpg%l QW .p(r)iﬁgaﬁflgi\éeﬁ ri lfg%)es%(?l ?)trrgon of the

Drawi ngs 25 FI Gireanency (RE)}rigaal gpupless, mﬁtmmaﬂtﬂ@% asyrtqmtry 100,

whi ch may advantmauaboecwﬂ Mﬁﬁahﬁﬁt&ﬁﬁéﬁﬁipéd&‘!ﬁ@tfoﬁml“ Bignal2 is a bl ock
di agram of a cell ul g&_ g i‘ﬁzg% ﬂcl uding RF transmtter circuitry 100.
30 FIG 3 %%P WE? Y PPOORERYr am of anplifier 103 and power
detect circuiltry 109 ]imccﬁhﬁntionﬂl@llutlar telephones,opowér detdctars t board of

& ETETL ) P b el Sl Bl a0 11

see S patent nos. 4 523,155 and 5,192,223). However, the

sensitivity of such prior art diode detectors dictates the amount

of coupling needed in order to detect low level signals. For

15 example, in order to detect the lower power levels of RF signals
produced by RF signal amplifiers of cellular telephones, 15 dB
of coupling is needed. A 15 dB coupler typically has an
insertion loss of 0.25 dB or more, representing a substantial
amount of current drain that reduces battery talk time. For

20 the foregoing reasons, there is 2 need for an improved power
detector that has enhanced detection sensitivity at low power

levels.
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FIG. 1 is a block diagram of RF transmitter circuitry
100, which may advantageously utilize the present invention.
FIG. 2 is a block diagram of a cellular telephone 200
including RF transmitter circuitry 100.
30 FIG. 3 is a detailed circuit diagram of amplifier 103 and
power detect circuitry 109 in FIG. 1.
FIG. 4 is a section of a circuit board of the transmitter
circuitry in FIG. 1, showing transmission line coupler 115.
FIG. 5 is a top view of the top layer 321 of the circuit
3  board section in FIG. 4, showing an embodiment of
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35 board section in FIG 4, show ng an enbodi nent of -2- transm ssion

li pes 201 and 202 of transm ssion |line coupler 115. FIG 6 is a top view of
the top layer 321 of the circuit board section in FIG 4, show ng the
pref.erred enmbodi nent of 5 transm ssion liges 201-and 202 of transmi ssion
line coupler 115. FIG 7 is a top view of the top layer 321 of the circuit
board section in FIG 4, showing an alternate enbodi nent of transm ssion
lines 201 and 20g-a@kndib#6a Tivs 201 lande202 6P tiinshrissibholin@Rpapldr | on of the
Preferred Enbodi pent Briefly described, the present invention enconpasses
RF 15 signal del ¥t | ng circuitry for detect| ng an RF signal generated by a

si gnal source and DFOFIG!Gﬁhﬂtdﬁiveéxﬁ%fthemlﬁyel‘m#ﬁ&"thbwﬂﬂiumas a
G Feur try compr | berdsleiorlin FIGY, BRAFIne BAE preterPGt Ay o) °7 "
generating arb RRtramseussiondinds 201 ahdvzog;oﬁhrmqmssmdmelcaupl:ert o the
anplitude of the;f¥ signal; and a diode defector coupled by a matching

i npedance to the detect signal for rectifying the RF detect signal to
produce the detector Elgn@is atop view ofithe M Ltg§tcé‘?ﬂ“|1 fl |y mat chi ng

the i npedance of bididl gtchil HEFPG! af o subwm 4 B8 dltémsib exsbbdinient gMe of the
plurality of po evel.s i.s |le et erm ned,.one 0 e plurality
of power | evel sV\terR@'P@rl??lﬂﬁ SF?@ %ﬁ%ﬁ%%gfﬁnwwﬁ’s@r P%d’oﬂplﬂrock di agr am
of unique RAGrabiBitter circuitry 100, which nmay advantageously utilize
the present invention. RF transmtter

Briefly described, the present invention encompasses RF

15 signal detecting circuitry for detecting an RF signal generated
by a signal source and producing a detector signal. The RF
signal has a pre-selected one of a plurality of power levels. The
RF signal detecting circuitry comprises an RF signal detector
coupled to the RF signal for generating an RF detect signal

20 having an amplitude related to the amplitude of the RF signal;
and a diode detector coupled by a matching impedance to the
RF detect signal for rectifying the RF detect signal to produce
the detector signal, the matching impedance substantially
matching the impedance of the diode detector when the pre-

25 selected one of the plurality of power levels is less than a
predetermined one of the plurality of power levels.

Referring to FIG. 1, there is illustrated a block diagram
of unique RF transmitter circuitry 100, which may
advantageously utilize the present invention. RF transmitter

30 circuitry 100 is part of cellular telephone 200 in FIG. 2, which
also includes receiver circuitry 141, user interface circuitry
151 coupled to a microphone 152, a speaker 153, and a keypad
154, all of which are controlled by microcomputer 111, and
which may be elements of any conventional cellular telephone,
3 such as, for example, the cellular telephone shown and



30 circuitry 100 is part of cellular tel ephone 200 in FIG 2, which also
ncl udes receiver circuitry 141, user interface circuitry 151 coupled to a
m crophone 152, a speaker 153, and a keypad 154, all of which are
controll ed by mcrocenputer 111, and whigh may be el ements of any
conventional cellular telephone, 35 such as, for exanple, the cellular

t el ephone shown and described in Mdtorola instruction manual nunber

68PB1066E40, enteshbed BXNWBAGHIIE ihdhtictidabinafube maRBee 800 MHZ
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features of sucl80goMIEZ Transteiver,t pablished dbyossd avhildblenfrbht orol a user's

el ephone. SR SURIRelk C& 3 Brris, 3513 Falf lkodehitRest, o Mo orol a c &

Parts, 1313 BastSchaganburg; Illinoir6i0d 96SPhe operajion andfeatumsiofe. RF

transmtter cirgy nved @HR‘I fisers 101, 102,
and 103 coupl edgtl)idld‘%r ect#g%aarltéiggﬁphg% aﬂeﬂl 5 tho ntenna 107.
RF transmtter énw@u al pymhes GEIRI: 1H§E5§v?ﬁ d receiver

141 15 in FI G Cell®arMbbile Teloplesid) USER'S mUALP'qymlsHednbsed circuit

poarc O et o S S D 8 b 15 i Rk,
detect circdDt r yRddil), Schimurhbyprg dllineispf0196.det ect signal 131. M croconputer
Tagni tude of EZS?ESLX%%F‘WW“?P@W 100 jn ¥iG, SindBUEE 'O L1 cvel of
transnmitter out gascad m@ﬂﬂnleaméﬂoaucgnnledl@dimapl ed to driver
circuitry 113 ( %hﬁiér”ﬂ!i Eﬁd filter 105 to antenna 107. RF transmitter
circuitry 100 together with microcomputer 111 and receiver 141
15 in FIG. 2 may all be implemented on a multi-layer printed
circuit board. Directional coupler 115 is preferably a
transmission line directional coupler as described
hereinbelow, and is coupled to power detect circuitry 109,
which produces power detect signal 181. Microcomputer 111 is
20 responsive to power detect signal 131 for adjusting the
magnitude of gain control signal 1382 to produce the desired
power level of transmitter output signal 123. Gain control
signal 132 is coupled to driver circuitry 113 (which may be
implemented as shown and described in US patent no.
25 4,523,155, incorporated herein by reference) for adjusting the
voltage/current drive to amplifier 102 to correspondingly
adjust the amplification gain thereof. In analog cellular
telephones, transmitter output signal 123 may be set at one of
eight possible power levels in response to control message
30 from the cellular base stations (see US patent no. 4,523,155).
In digital cellular telephones, transmitter output signal 123
may be set at one of eight possible power levels during an
assigned time slot in response to control message from the
cellular base stations (see US patent no. 5,192,223,
8 incorporated herein by reference). Both analog and digital



I mpl ement ed as shown and described in US patent no. 25 4,523,155,

i.ncor porated herein by reference) for adjusting the voltage/current drive
to anplifier 102 to correspondingly adjust the anplification gain thereof.
In anal og cellular tel ephones, transmttgr output signal 123 may:be set at ’
one of eight possible power levels in response to control nessage 30 from
the cellular base stations (see US patent no. 4,523,155). In digital

celdular tel eph%ﬁm ?Hb% aé“ﬁ%tig@aﬁél yldse IRy pbesedtt at one of
eve urin

ei ght possible pomer an assigned“time slot In response to
control nessageIPWB%ﬁPHe cel lul ar base stations (see US patent no.

5,192,223, 35 | Pcorpm&bﬁﬁn WG, ﬁh%i-eli@ﬂ@@éttraﬁsdb Mg@&cﬁ@d%tdl gi tal
Referring to Fi (IBBNR sl pHTeE A08 AP PaReE St Aty Hihar am of
final anplifBer ih@@IGNH ;Aﬂmphﬁdﬁflﬁ&tls prefenab}yyaﬁéhdﬁﬁ'ect tHa@sistor Anpl i fier
103 i s preferabl I 4§ FET) which
is coupled to a qlﬁfﬁ@% #@wgnalﬁ,@?gwhg&Eis%le{l ransm ssion line
203 and gener at ¢ignalel22 bnmpasitou gsion 319 maédt put match of
anplifier 103 c e%&t%s%etﬁfﬁnbﬂ‘ﬁtﬂf‘%ﬁtﬁﬂ?&gﬁﬂﬁlﬂﬁdmoﬁt%ix'ﬂ““'C mat chi ng
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capaci tor 248 prhammrmatehdfngam thelseebndmﬂd blmmalm-thitsm'khe on l'ine
T anom s on 1| HerbidniR REhdtink 15 SehipeRYaRy el it B e 10,
coupl ed by two @mnsheapasitor:248. Jhransmission line 205cand capacitor 245
provide one low pass filter section, and transmission line 201
and capacitor 247 provide the other low pass filter section.
15 Transmission line 201 is also coupled to filter 105, which is in
turn coupled by two capacitors and an inductor to antenna 107.
According to a novel feature of transmission line
coupler 115, transmission lines 201 and 202 are embedded in
the output match of amplifier 103. Since coupler 115 is
20 embedded in the output match of amplifier 103, the complex
impedances at the coupled port and its isolated port of coupled-
path transmission line 202 (end connected to inductor 210)
need to be carefully selected such that the signal appearing at
the coupled port of coupled-path transmission line 202 (end
25 connected to inductor 212) includes signals traveling only in
the forward direction and does not include signals traveling in
the reverse direction. In conventional directional couplers,
the through-path transmission line and the coupled-path
transmission line are designed for fifty ohm impedances at all
30 ports. When ideally terminated by fifty chm impedances, a
portion of the RF signal appears at the coupled port of the
coupled-path transmission line, and no signal appears at the
isolated port of the coupled-path transmission line. Also, no
reflections of the RF signal occur since the both ports of the
3 through-path transmission line are ideally terminated by fifty:




According to a novel feature of transm ssion |line coupler 115, transm ssion
i nes 201 and 202 are enbedded in the output match of anplifier 103. Since
coupler 115 is:20 enbedded in the output nmatch of anplifier 103, the
conpl ex i npedances at the coupled port and its isolated port -of coupl ed-
path transm ssion |ine 202 (end connected to inductor 210) need to be
careful ly selected such that the signal appearing at the coupl ed port of

coupl ed-path tr *)Q e ﬁ&%vév%‘?d ht&' L 212)
i ncl udes signals i avetirng onfy in the orwa&g%g ctlon and ges not
i ncl ude signals hna@@ﬂuﬁgmbﬂd%dw igrskl 511&@&%# terminated: Pahal
directional coupindtéad ediepled HRvwaeR hpatiterasZisand 247, Beverall t he

30 P bor 10° Wihen THIEcHORS O trARER LT gRbR: SEBRl AR S cos. | a portion of
the RF signal5 appear sImtoupler QQSphdéspwdtpthtmnphattepanﬂtput ansni ssi on
transm ssi on 11 el $85% Sofbloh 15, tn3Tolbfih Bi¥tiartoubliaBAP PY PR D |
both ports of t hmsmlﬁmgndinqoaﬁﬁ fl‘rransmlﬁsr ontpuhsignat 123danvelst er ni Inat ed
%1f 131]: t gnbedgg(r:ln é(l:oupl géh?;?x %ﬁgﬁgﬁrﬁ;%tqg %?%ﬂnat%dﬁeb%é& Hm{%éjogoulplngd
bet ween capaci t of&PesHe 2 transmitter itppt signalid2s out put
signal 123 acurtrabels back and aqurtiofris réflecteddrrek otedpucitop24®, transmtter
Cranon sston |1 ran Ao ottion BF sRft FIERA iindiiifetbutifly |
transmi ssion | i reigagli123ds eoypleditorthecoupledporibfivaupledspatipaci t or 247. The
g2 onl O o0 BRI A0N ¢ bl F Rrifrehddtsmiiiar 2
output 31gna1 {23 is also coupled to the isolated port of coupled-
15 path transmission line 202 and travels back to the coupled port
of coupled-path transmission line 202. According to a novel
feature of transmission line coupler 115, if the proper isolated-
port complex impedance terminates the isolated port of
coupled-path transmission line 202, the portion of first
20 reflected transmitter output signal 123 that travels back to the
coupled port will cancel the coupled portion of second reflected
transmitter output signal 123. This proper isolated-port
complex impedance includes a real part and an imaginary
part, which is implemented in the preferred embodiment by
25 inductor 210 (15 nH) and resistor 222 (839 ohms) coupled in
series to the isolated port of coupled-path transmission line
202. By utilizing the proper isolated-port complex impedance
to cancel undesired portions of the reflected signals, coupler
115 may be embedded in the output match of amplifier 108,
30 thereby resulting in substantial savings in both circuit board
space and the number of components. The proper coupled-
port complex impedance further enhances the desire
cancellation, and is implemented in the preferred embodiment
by inductor 212 (5 nH) coupled in series with inductor 211 (22



An undesired portion of second reflected transmtter output signal 123 is
coupled to the coupled port of coupled-path transm ssion |ine 202. A
portion of first reflected transmtter output si.gnal 123 is also coupled to
the.isolated port of coupled- 15 path trgnsmssion lihe 202 and travels
back to the coupled port of coupled-path transm ssion |line 202. According
to a novel feature of transm ssion |ine coupler 115, if the proper

i sotated- port CoHpaed thenesinatcd 6f dioda208 thithel ot Qift of
coupl ed-path trans ion, I.ine 202, tgﬁgpgég on of Tirst 20 reflected

m, s I

transmtter out ptAURle h {ransmigsion ack to the coupled port will

cancel ht he coupl ed pdri-a'xmmis‘si(ﬁeligal(ﬁmeﬁfma@atﬁlﬁaﬂghiﬁath font p;Jt si gnal 4
123. Thi s proper,. -pQrt.co ' CE..LRC al part an
an i magi nary par?%q%%gioggp%?%&f@?' Wﬁﬁ&%?é&%ﬁ%@ i ment by 25
i nduct or 210 ¥ 15line{202rid electromagneticaliy soupled)toctrapsmission dine 281t o0 t he
| sol ated port of -nat loB S IQ Il Zi Ng t he

P fo?%é?xle?gﬁlfig ah RF® éiEEcg %%%{hclal%ﬁciﬁeifl%% abplitiide 9

proper isol ated-pQ CO X 1 npedan X undesi'r ortjons of the -
refl ected signal gelate@uﬁgn%e amplify transmgter qutpuf st ﬂ!ﬁ% €h of

grrpl ijf ier 103, d3RF dét@étﬁﬁgnh]?&dnﬁ itfalsixﬂis‘éi&iﬁliﬁétﬂtm' isSc’aumjs&gyn both cir Icui t
boar 4 Shace AN LSS Sla SRS NGRS p0d R RGBT, T cOPL e
the preferrel entapliciteni280yhalfiskavieectifies (Htogénerate adiCivoltage es with -
of coupl ed- pat b Tropeliibndl thirgfo 865 5'A0RA & clblliforaL ' 0, "7 MR 20 PO
t hrough- path for tranEheDEvobage storedpracaperitor @31 i8souptadb¥ r ansni ssion 5
line 202 is el ecidsitBeN'289-285 v dCRIPcRYr 286 th Providedwwer détect?01
signal 131. Resistor 224 and diode 207 generate a bias voltage
15 from voltage V2 which is coupled by resistors 223 and 222 and
inductor 210 to transmission line 202 for biasing diode 206 via
inductors 212 and 211. Diodes 207 and 206 are preferably hot
carrier diodes having substantially the same electrical
characteristics, such as, for example, Motorola type
20 MMBD770T1 diodes. Diode 207 temperature compensates
diode 206 so that power detect signal 131 does not vary with
changes in temperature.
According to a novel feature of the present invention, an
impedance implemented as inductor 211 (22 nH) is coupled to
25  diode 206 for matching the inherent diode resistance and
capacitance (1.5 pF), thereby enhancing the sensitivity of
power detect circuitry 109 by as much as a factor of two.
Although implemented with inductor 211, the matching
impedance may also be implemented by corresponding
30 capacitive circuitry. The matching impedance maximizes
power transfer to diode 206 and is preferably optimized for
operation at the low power levels (e.g., at power levels below a
predetermined one of the eight possible power levels), where
sensitivity is most important. Since power detect circuitry 109
35 is more sensitive, less signal is needed for detection and a




for generating an RF detect signal having an anplitude related to the
anplitude of transmtter output signal 123. The RF detect signal from
transm ssion line 202 is coupled by inductors 212 and 211 to di ode 206,

whi ch together with 10 capacitor 231 halgf-wave rectifies it to generate a
DC vol tage proportional thereto that is stored on capacitor 231. The DC
vol tage stored on capacitor 231 is coupled by resistors 232-235 and

gggam tor t236 tmwﬂmmzo@ ipeéan Bd usé® instead of 15 ‘(j”g di ode
generate a s v vo ed by
resistors 223 a qq@é}})cflg{ec%o @ﬁ\'@sﬁn@ﬁcﬁ%gf@oz for bi asing
di ode 203 vida I%@l@filﬁﬂmrﬁﬁ aBJofﬁpﬁaga%cemﬂhaﬁﬁsmnndméerabl y hot
carrier diodes vin tb cg ﬂ%mct eristics,
such as, for ex Pﬂ %(#gf m ﬁ% I 51‘%%@'& de 207
t enper at ur e &nmngeefappmlﬂiiﬁebosm&;ﬂpﬂwby shbstantiallgnal 131 does not
vary with chang I ng to a novel feature of the
CktbRding T e ad‘ﬁ%g

present invention, an_lI enent ed, |nd ctor 211 (22 nH) is
coupled to 25 diode Iiﬁglp'ﬂégtﬁemgﬂ‘h Jhere is R §6€LiPROf §t ance and
capaci tance (1. TiRfit bbard Bpm@ﬂﬂﬁmﬂﬂ&rtdiﬁclﬁ IGQmEMGDfl,DOV\BF det ect
circuitry 109 by.as _.mich as a factor of tmo. H‘? npl erented with
PRt Gy

i nduct or 211, t HROYHPEHTAGSMissian Jine foypler.
corr espondi 119 3m00:mpltemmtedrmualnmltl-ﬁlmrrmmht bgardrpndabsﬁahaxu m zes

power transfer [3TeN ((1L g@@u@s{l@a@a&@%%ﬁébﬁz%&ﬁgeﬂg{c?)éﬁ?@ﬁéat'On at

the | ow power IeveI rmned one of
the ei ght possi m@f%ﬂé bwnseqt,mercenmmd £ FRy4 |£bQT§lﬂSS| mpor t ant .

Since power det Qﬁhtéz‘xﬂ%hhé ol Bfblé&tricscolat#n 562166, VPhe kBstrat@nal is
needed for detect material may also be any other suitable material, such as, for
15 example, alumina, duroid, and quartz. Layer 321 includes
forward-path transmission line 201 comprised of conductive
material plated on its top surface 301, and coupled-path
transmission line 202 comprised of conductive material plated
on its bottom surface 302. Other circuitry plating (not shown)
20 may be included on other parts of the top and bottom surfaces
301 and 302 of layer 321 of the circuit board. Layer 322 is an
intermediate layer that does not have any circuitry plating.
Layer 323 has ground plating on its top surface 303 providing a
ground plane for transmission lines 201 and 202, and has
25 other circuitry plating (not shown) on its bottom surface 304.
Layers 321, 322 and 323 are plated with the corresponding
circuitry and bonded together by lamination processes or other
suitable processes to form circuit board.
Referring to FIG. 5, there is illustrated a top view of the
30 top layer 321 of the circuit board section in FIG. 4, showing an
embodiment of transmission lines 201 and 202 of transmission
line coupler 115. According to a novel feature of transmission
line coupler 115, transmission line 202 is formed in a
serpentine-like manner such that portions 341, 842 and




-7 - coupler 115 with 20 dB of coupling can be used instead of 15 dB of
coupling used in detector circuits w thout inductor 211. Coupler 115 with
20 dB of coupling reduces the insertion | oss by approxi mately 0.1 dB,
translating into a current drain 5 savings of approximately 8 mA -"thereby
substantially extending the battery talk tine. Referring to FIG 4, there
is illustrated a section of a circuit board of the transmtter circuitry

10Q in FIG 1, oag @Wé&'dﬁ‘oﬁﬁdﬁt@ﬁ&é&ﬁftr&%mﬁéﬁﬁqmé291 circuitry
10 100 is inple i - | ayer , Clw‘;"th board or substrate having

three substrate W 9ar‘§ews§%r°19 eion, 884n in the preferred
enbodi nent, are COWprTﬁﬁfbmfssﬁ%Hnélcbapwralsrs mpﬁéfeﬁdblkrasen@ttwe dielectric

constant of 4.66. T strate materi,al 0 an oth itabl e
material, such a& q’%’réﬂg 98% |égnao}|lﬁ %If“g&e’éﬂét a %YLayer 321
i ncl udes f or\&ar onzaama abnsmi&tsveiyl lbwrlesQﬁi_avaﬂpmmssdmonduct ive
material plated ’%ﬂﬂﬂj th transm ssion |ine
202 conpri sed of&?:on%& {”?S’giﬁh‘ﬁﬁﬁ%‘f’o&‘l‘éﬁ% %ﬂgtom surface 302.

Ot her circuitry goraespondi Mtuwmarxocumg geaim framdbechatderer parts of
the top and bot twﬁmilﬁg%e%%naﬂﬁséa& mie bé\)‘;ﬁér 33§, eIectfm etiet board.

R LA B TR T WO N e %%'%n%ﬂ'atvf ding a
ground pl aned0f orfrequersey band with aasindédtiom tosa0 lessithda 8. ¥HdBot her
ond 323 ar6 pl ated w %EWJ??%%%%% AR bodiifng BeewbBHCL°  00ct nor by
| ami nati on pr ocedasnsmission line 201 u'apsnuwgeslmeﬂ%mdepenmt boar d.
?I?gzer ][ ' t”ﬁ to Fl G n 2 niAbe? dfff bﬂowsin%ﬁﬂgatﬂeoﬂld’ﬂlﬁwf Parisifission tOP | ayer
© ecirc Lime 385” e &Jcﬁggssl é}' layer 321, ang V\ﬁe %mtance portions
15 341, 342, 343 and 344 are offset from, and parallel to the edges
of transmission line 201. Portions 341, 342, 348 and 344 in FIG.
5 have a width less than the width of transmission line 201,
and are offset from the edges of transmission line 201 by
substantially the same amount. The length of portions 341 and
20 342 taken together is substantially the same as the length of
portions 343 and 344 taken together. The coupling provided by
portions 341 and 342 taken together is substantially equal to the
coupling provided by portions 343 and 344 taken together.
Electromagnetic coupling between transmission line 201 and
25 transmission line 202 is at a maximum between transmission
line 201 and portions 341, 342, 343 and 344, and is minimal
between transmission line 201 and the perpendicular portions
crossing under transmission line 201. As a result, small
variations in the registration between the circuitry plating on
30 the top surface 301 and circuitry plating on the bottom surface
302 of layer 321 do not degrade overall electromagnetic
coupling between transmission line 201 and transmission line
202, since coupling for portions 341, 342 increase when
coupling for portions 343, 343 decrease, and vice versa. Many
35 other configurations and shapes of transmission line 202 are




enbodi ment of transm ssion lines 201 and 202 of transm ssion |ine coupler
115. According to a novel feature of transm ssion |ine coupler 115,

transm ssion..line 202 is forned in a serpentine-like manner such that
portions 341, 342 and -8- portions 34g. 344 are on opposite sides of
transm ssion |ine 201 when viewed fromthe top, as in FIG 5. Transm ssion
| ine coupler 115 is preferably sensitive enough to detect |ow signal |evels

of. transmitter gukfible $hélbding sawieothi¥énilsfcilgrabndedl¥iptieal | 0ss to avoid
unnecessary attegﬁf;tlon_of trans ttﬁ out put si.gnal i:ﬁg; ad:d aorrespondl ng
unnecessary cur CERESUFAHIONS, & WeH a8, 40¢ coDiIgHLa 1% EAG h82¥r ansmi ssi on
i3i22em(zlgu![0| egzéliin}}gelfedéagwMMéfd%chuM@ ?g of 20 dB may be achi e?/ed i?ht he
0 [ n A . i . ess than
0. 15 dB. Thesamunh%?ﬁ%ﬁ%?ﬁ%ﬁﬁfﬁf&%%ﬁ%ﬁtggigos &s:’si on |ine
201 and tran8n $ep daydr 6 eircui hors im , 8howang the, N
and the G L?Sn&%%f?é.do%"‘?és g 6 g pbleinisiion Tings 301 SERSR B L VT and
paral l el to thetEaRfumisgon ipg eauplarohly.i Teapsmission fingn20ki8 Us42 343 and
343 in Fl fo 5t h@hﬁpéctl,vmﬁd' brdmﬁ%sbit:biﬂlihbj&()ﬂ! itichudds pgﬂiltﬁig’ 641 and| i [le |2:)1 h
and are offset fyr e,edges of transm ssion,line substantially the
sanme anount. Th&“?@?@? ﬁl#%?@%ﬂgﬁg}h&otgﬂa%géhefﬁaﬁgkgﬁ% (5’8 her is
subst anti al i t shapedrbrammsnissioncline 20df apd portions 843 anti644ithataken
together. The c ' ls ' : . t ogether is
b iEblelth HHIAR cide BP0 sfPed {ipdiliaditn 1ETY, OO

substantially e e cou 0 and 344 taken

17N r
t oget her. El ect Portigna 64, @%&p@rg?da&m@mmmmm&m and

inches from transmission line 201. Portions 641 and 642 are
substantially the same length, and portions 643 and 644 are

15 substantially the same length. The total length of portions 641,
642, 643 and 644 taken together is approximately 0.4 inches.
The coupling provided by portion 641 is substantially equal to
the coupling provided by portion 642, and the coupling provided
by portion 643 is substantially equal to the coupling provided by

20 portion 644. Portions 641 and 644 provide at least 23 dB of
coupling, and portions 642 and 648 provide at least 23 dB of
coupling, to produce electromagnetic coupling of at least 20 dB
in the 825 mHz to 925 mHz frequency band with an insertion
loss of less than 0.15 dB. In this embodiment in FIG. 6, small

25 variations in the registration between the circuitry plating on
the top surface 301 and circuitry plating on the bottom surface
302 of layer 321 may occur in both the X and Y directions
without degrading overall coupling between transmission line
201 and transmission line 202.

30 Referring to FIG. 7, there is illustrated a top view of the
top layer 321 of the circuit board section in FIG. 4, showing an
alternate embodiment of transmission lines 201 and 202 of
transmission line coupler 115. Transmission line 202 includes
parallel portions 741 and 742 that are parallel to, and

3 electromagnetically couple to transmission line 201. Portions



25 transmission line 202 is at a maxi num between transmni ssion |ine 201 and
portions 341, 342, 343 and 344, and is mninmal between transm ssion |ine
201 and the perpendicul ar ‘portions crossing under transmission |line 201. As
aresult, small variations in the registygtion between the circuitry a
plating on 30 the top surface 301 and circuitry plating on the bottom
surface 302 of layer 321 do not degrade overall electromagnetic coupling

between transm Szj&?'&nhi'f@ gﬁzmﬁlﬁpz%?w {drpth28%d thknce coupling for

portions 341, 342 Increase en cou or rtions 343,, 343 decrease,
and vice versa. tBlingprvided by &?’ﬁér@‘ﬁﬁé&%&‘b@aﬁh ansmi ssi on
line 202 are e@uaRossi bl e including sawtooth, sem-circular, and
elliptical configuratjons, as well as.the,conf,iguratiops i I 6 and FI G
7 described herein be#’b\ﬁﬂmﬁéﬁg’r??fﬁe’t ge @%‘,’“&H@ﬂélﬁ IPFp‘li{qs&é?ted a top
view of the 5t oparrierediode1206 colnslediincseriesowdthd mestehingimpedasce 4, show ng
the preferred e i fe L1 1.:S.S) i and transm ssi on
R0 211 ot RAARELR el Soppitiviy. é‘ﬁg&féﬁ

| ine coupler 115, Transim ssio apeda, sm ssion line

202 incl udes porimpedanceelindutte211 maxiotizes powey transfar t9 diede266t o t he
parallel sides ofs bhatlfess HIPBRfhal i@ REEASE Fd ddtePRoR0 As 2 EsiE) 4 i20nS 643 and
644 that couple éﬁ t he n‘iﬁf%e si.de of L}é&a eq@tﬁr_ansm' ss'&y;)n |1 ne 201.
Portions 641, 649D onpler,Ll5gan be &e %}Bgr iIRBEEHQN PS8AW i nches from
transm ssi oni¢ i ngppfbkimaselyl @.1<dB 4hdeithrént dedin byhﬁmﬁihﬁtb&y 8he sane

| engt h, and porti th%%band 6 a eﬁg‘?S |5ﬁbi.t antially the sanme I ength. The
total |ength of H’g{l’t he %ﬁlﬁe A’ég BH ST N¢aken together is
approximately 0.4 inches. The coupling provided by portion 641 is
substantially equal to



the coupling provided by portion 642, and the coupling provided by port.i
643 i s substantially-egtal tG the coupling provided by 20 'W@Eﬁéﬂs BEEN
Portions 641 and 644 ' t |least 23 dB of coupling, agn o‘rpgé@_@@;;_%Z
and 643 provi “‘mmm“mgﬁﬁ“ of coupligg, to produce el deLr. ek
coupling of at 1 20 I the 825 nHz"to 925 nmHz frequency band wth an
insertion loss bf Tess than 0.15 dB. In this embodinent in FIG 6, snall 25

variations in the registration betvveen%i rcuitry plating on the top
surface 301 and circuitry plating on t tom surface 302 of |ayer 321
may occur in both the X and Y directions w thout degrading overall coupling
bet ween transm ssion line 201 and transm ssion |line 202. 30 - Referring

to FIG 7, there is i|lustrated,a top vi of the,top.layer 321 of the
circuit board sectiontin F 1‘21??39?'}6&%@?15% r%&lmﬁ"!‘éﬂtﬁfif
transm ssion Ef i nééte&ﬁhgam?dmaigmfaltgeaa?aﬂedsbpa dignal mmgéem&lﬁ.
Transm ssion |ing . e r. i 4l . that are
parall el to, andp%’égt%r%%ﬁg?@%l%gyhgx%lsggﬁ%l ﬁ%‘gﬁgﬁ_g’g&on i ne 201.
Porti ons - 10- seledtedrohe7aba pleralityof power leyels, sahBE signgl h, and t he
coupl i ng provide 3 ireRi n?ﬁiq% I's substantially equal. In
sunmary, power dg??gﬂﬁ%&lm rcﬁﬁ%y 0 lzxﬁcl udes ql&:)t rrier gigode 206
coupled in series with nat%i%_sl d%ﬁﬁ@@_orﬁeﬂﬂ top _rm%ﬂh i ng
detector senm ti génerativipt 8RR debdtdignsl havingt ittide relatsd tover
transfer to di odﬁ%ZOG Q th%g hef)@,RF si.gnal, i's needed for detection. As a
result, a 20 dB fﬁ"@il Yfg z§ e ﬁégba,l’ P‘Ef}uci ng the insertion |l oss by 10
approximately 0.1 dB and cardiede¢ ddtector havingranimpedange &nd being

coupled by a matching impedance to the RF detect signal for

rectifying the RF detect signal to produce the detector signal,

15 the matching impedance substantially matching the

impedance of the diode detector when the pre-selected one of

the plurality of power levels is less than a predetermined one

of the plurality of power levels.

2 2. The RF signal detecting circuitry according to
claim 1, wherein the matchi__ng impedance includes an
inductor for coupling the diode detector to the RF detect signal.

Wi



mA, thereby extemndimg battery talk tine. 11 dains 1. e d & I
(RF) signal detegty r 5 detecting an RF signal ge€n E%ﬁﬂ §>§3EEN
a signal source qmnmmiumrﬂmmngtector signal, the RF sign
pre-sel ected one & phurali powerig .evel s, said‘RF signal det ectl ng

circuitry conprising: an RF si gnal detector coupled to the RF signal for 10
generating an RF detect signal having an anplitude related to the RF

signal; and a di ode @t ectRrankgnittifigadire forcempil i&‘ gamdie ti ve portion
and bei ng coupl d to th det ect or rect f e RF det ect
signal to produ i 3@5&3@5‘3%3 P%%m%ﬁ tﬁﬁ;? &3‘5&98}1 R¥upled in

seri es between tsign |sbchepdeseka:md enel of keplRrakityofipowier tovels, sand bei ng
pre-selected to c acitive portion of the inpedance
of the diode_det ggﬁ%&l%eé ch Qofnp cs? one of the plurality of 20
power |evel sbi§ |.ess than aasi sourcd farganerating: the Bl u$18‘nhl,y of power

| evel s for maX|mZ|ng po l'ei
REPLACENENT SHE 2. Tt anc i ﬁi&r‘:&@’ul%‘?%%gqﬁf ?ﬁbﬂ 3

frequency (RF) 0% gaif g ontry ffarammsby%%ﬁamsg%af'o

information signal to produce the transmitter output signal,
the variable gain being related to the magnitude of the gain
10 control signal;

a transmission line coupler coupled to the
amplifier for generating an RF detect signal having an
amplitude related to the amplitude of the transmitter output
signal, said transmission line coupler further comprising:

15 a substrate having top and bottom surfaces
and a predetermined dielectric constant;

a through-path transmission line having a
predetermined shape and being disposed on the top surface of
the substrate, the through-path transmission line coupled to

20 the RF signal; and

a coupled-path transmission line being
disposed on the bottom surface of the substrate and coupled-
path transmission line electromagnetically coupled to the
through-path transmission line for generating the RF detect

25 signal having an amplitude related to the amplitude of the RF
signal;

a diode detector having an impedance and being
coupled by a matching impedance to the RF detect signal for
rectifying the RF detect signal to produce the detector signal,

30 the matching impedance substantially matching the
impedance of the diode detector when the pre-selected one of
the plurality of power levels is less than a predetermined one
of the plurality of power levels; and

control circuitry coupled to the detector signal for

35 adjusting the magnitude of the gain control signal to maintain
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at a pre-selected-orne—af _a plurality of power levels, sgfdHsanset i Q%;
circuitry conprisipgs 5 a signal source for genem@@L@@EEh'jﬁk
signal; an anpli fUm HJ e. RF signal and a gai }
anplifying by a v ﬂﬂ""m RF sigpgl to produce the transmtter

out put signal, the variabl & giin*having a magnitude related to the gain
control signal; 10 transm ssion line coupler coupled to the

anplifier for gefhihhsSmitier Bhtpel sighatatthe preveleted onspfthede related to
t he transnittergﬁytgﬁéxs%gnal sai,d transm ssion |ine coupler further
conprising:- a SRiBE of RAWeR J€Yel® and bottom surfaces and a 15
predeterm ned dielectric constant; a through-path transm ssion |ine having
a predeterm ned shape, and j i 0 f.ac he
substrate, the througt- pat?ﬁ%?%@ggliﬁc%%&gkb&éﬁag&aﬁﬁ%ﬂ{'rédnsrri tter
out put signal5 awhepsn the matching impedameeingiudes anaindnuater &r | i ne being
di sposed on the 7 3 ctromagnetically
coupled to the t%%?@%g ﬁ??%&ﬁ@ﬁf@%%aﬁﬁgle@é‘;éti ng the RF detect
signal having said anplitude related to the transmtter output signal; 25

a di ode detector having an inpedance with a capacitive portion and being
coupled to the RF detect signal for rectifying the RF detect signal to
produce a detector signal; an inductor coupled in series between the diode
detector and the coupl ed-path transm ssion |ine and being pre-sel ected

t'0 substantially match the capacitive portion of the inpedance of the diode
det ector when the pre-selected“eﬂe~QL~Lhe_ngraIity
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° Al
of power levels s Tess tha eterm ned one of the pl r&f’ﬁ%ﬁ%ﬁ ?@?‘c‘ﬂ!
l.evel's for maxim r\&@ rrtothe 5 di ode det efit or ol
circuitry coupl edx or*signal for adjusting the “agni t ude of the
gain control signa *to* maintain the trap gqitter output signal at the

pré-sel ected one of the plurality of power levels. 10 SHEET 3. In a
cellul ar tel ephone, transmtting circuitry for anplifying a radio frequency

Of & pl aral i ?Sd Doy | o i IRt dttﬂemt"ﬂﬁgm?‘é‘%f?‘?“‘m?nﬁ‘?f Sing: 5
a signal source &W&ﬁtmf%“ﬂp"%?mmg%‘ﬂ %‘BI rpduc %pl ed to the
gE Si gna: 1z:and a granenritber outpat gignlal adra Wheléybeﬂg)ﬂwoﬁamraﬁtﬂyeofga! n the
signal to pro riable gain
naving a magn; t PP 1efell %‘%@”ﬁ#@*&éﬁlﬁ“&%mﬂlﬁ?ﬁ%ﬁ% a
transni ssion 8ine coupl er ssignaldsaurce fer geperating theREeignalii ng an RF
detect signal having an anp a‘nﬁﬂﬁﬁéﬁb ggdt fﬁ@uﬁﬁi’fn'a{tﬂﬁﬁe § allhe

transnitter output_signal, coup r
conprising: a sudRd %mh@ﬂ q1g§a ¥ 8oadia em € _
pr edat er i ned glﬁifEﬁhhh@nnggﬁhhtﬁ r@dﬁéﬂﬁ&&&aﬁﬁhﬁtﬁ signal,i ne havi ng
a predet ernine ei t he urf.ace of the
substrate, the tﬁ}%ﬁ@'ﬂa‘n&‘t rggq%g& tPQHEIB B@ef’ %ﬁﬁcgaﬁansm' tter
out put  si gnalO, acoht?ol signal,; a coupl ed-path transm ssion |ine
bei ng a transmission line coupler coupled to the

amplifier for generating an RF detect signal having an
amplitude related to the amplitude of the transmitter output
signal, said transmission line coupler further comprising:
15 a substrate having top and bottom surfaces
and a predetermined dielectric constant;
a through-path transmission line having a
predeterrhined shape and being disposed on the top surface of
~ the substrate, the through-path transmission line coupled to
20 the RF signal; and
a coupled-path transmission line being
disposed on the bottom surface of the substrate and coupled-
path transmission line electromagnetically coupled to the
through-path transmission line for generating the RF detect
25 signal having an amplitude related to the amplitude of the RF
signal;

a diode detector having an impedance and being
coupled by a matching impedance to the RF detect signal for
rectifying the RF detect signal to produce the detector signal,

30 the matching impedance substantially matching the
impedance of the diode detector when the pre-selected one of
the plurality of power levels is less than a predetermined one
of the plurality of power levels;

control circuitry coupled to the detector signal for

3  adjusting the magnitude of the gain control signal to maintain
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TCAal’ |
coupl’'ed to the through-path transmission |ine for generati THIFeSHE %é% E‘NJ
si gnal havi ng-sai ﬂNﬁMﬁgwmu d to the transmtter outfput sPERANT=Ys
a di ode detector e Wifga capacitive portTon and bei ng
coupled to the RF det ect si gnal for rectifying the RF detect signal to
produce a detector signal; an inductor coupled in series between the diode

det ector and t hgheGeghssities butpitisighabapthe preselediddcondoftite sel ected

to substantially.match the capacitive portion of the inpedance of the diode
det ect or when t RIUFRELYS 3‘6‘?@'8?%’& ’cﬁmfhe plurality of power levels is |ess

than a predeternined one afn ahtermacolipled tf tnamserissiencline icouplarxi m zi ng
power transfer . the di or : circuitry coupled to the
det ect or si gnal %f)fagl EJS%%‘%Q%{%&&IT%S&I{ élﬁta’gﬁorgléﬁ%"é gain control signal to
mai ntain thedtransmtter output signal at the pre-sel ected one of the

plurality of power |gyelsmangeli@lar telephone acco?&‘i.rf??&?@l'&?mcsum ed to said
transm ssion |ine cougl ir 'If‘or r.adi at i n§t e trapsmtter, outpyt signal.
wherein the matching impedance includes an inductor for

coupling the diode detector to the RF detect signal.
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