-1 - ENBEDDED TRANSM SSI ON LI NE COUPLER FOR RADI O FREQUENCY $R¢Nﬁp coPY
AVPLI FI ERS Background of the Lnvention 5. The present invention is generally
related to ¥adio frequency (RF) signal coupl ers, and nore particularly to
an enbé&dded transnission line coupler fon.RF si gnal anplifiers of .cellular
t el ephones. 10 I n conventional cellular tel ephones, RF signal

coupl ers have been inplenented by several nmethods, including by neans of
capaci tive coupl ers oEMBEDBDED TRANSMISSION £INE €OUPLBERinsm ssion |ine

- coupl ers typi cal |y n Wrdh &ty ohm | oads
at all ports. ?E?B W{G@kﬁ@iﬁ@%‘@&@&% eF‘.éﬁt cuitry in the
out put of an RF S|gnal anplifier that provides a match to a fifty ohm| oad.
Such out put matching circui'trg, § or nore transm ssion

| i nes and several capacitors, - ’vlnouctors all of which
require val ulbl e circuit board space. 20 Furthernore, the over al

insertion | oss bet weéfhd bﬁedaﬁtShﬁélﬁdmﬂﬁ@kéﬁeﬁmyafaaté&t@?ddmna i ncl udes

Icgﬁglezrdue to b rgqterﬁecy(ﬁ uélgggj%(%p rg,larr(f |tr aaxqmurlar r,‘%nsm ssion |ine

embedded transmission line coupler for RF signal amplifiers
of cellular telephones.

10 In conventional cellular telephones, RF signal couplers
have been implemented by several methods, including by
means of capacitive couplers or transmission line couplers.
Prior transmission line couplers typically have been designed
to be terminated by fifty ohm loads at all ports. As a result, it

15  is necessary to include circuitry in the output of an RF signal
amplifier that provides a match to a fifty ohm load. Such
output matching circuitry usually includes one or more
transmission lines and several capacitors, resistors and/or
inductors, all of which require valuable circuit board space.

20 Furthermore, the overall insertion loss between the RF signal
amplifier and the antenna includes losses due to both the
output matc_:hmg circuitry and the transmission line coupler.
For the foregoing reasons, there is a need for an embedded
transmission line coupler that is integrated into the output

25 matching circuitry of the RF signal amplifier.

FIG. 1 is a block diagram of RF transmitter circuitry
30 100, which may advantageously utilize the present invention.
FIG. 2 is a block diagram of a cellular telephone 200
including RF transmitter circuitry 100.
FIG. 8 is a detailed circuit diagram of amplifier 103 and
power detect circuitry 109 in FIG. 1.

ey



For the foregoing reasons, there is a need for an enbedded transn ssion
l'ine coupler that is integrated into the output 25 matching circuitry of
the RF sigrfal anplifier. Brief Deseription of the Drawings FIG 1 is a

bl ock diagram of RF transmitter circuitry 30 100, which may advant ageously
utilize the present invention. FIG 2 is“a block diagramof a cellular

tel ephone 200 including RF-transmtter circuitry 100. FIG 3 is a detailed

circuit di agram of a”PIGfUi‘é a%léﬁ%f@%&ul@%ﬁf& of'thé‘ﬂféﬂéfnﬂh@& in FIG 1.
-2 - FIG 4 is a.seq %Iaﬁa ci rcui,t board trans r circuitry in
1%

FIG 1, show ng ct’F% °@8§§It§?‘n¥i‘ﬁsmw escqlg) view of the
top Iayer 321 of the EIGcslisIabmvtbv@eﬂthe)mp Iayﬁkmlzhfthb@mcug; an enbodi nent

8 12 a top view Brs iR th PG %S%%M%%&%@i@%& # section inFiG .
4, showing tBe’ pzrangnn&ioe riimm 2@handf202 of transmission line coupler

115. :

FIG. 6 is a top view of the top layer 321 of the circuit
board section in FIG. 4, showing the preferred embodiment of
transmission lines 201 and 202 of transmission line coupler
10 115. : .

FIG. 7 is a top view of the top layer 821 of the circuit
board section in FIG. 4, showing an alternate embodiment of
transmission lines 201 and 202 of transmission line coupler
115.

Briefly described, the present invention encompasses RF

signal coupler circuitry for detecting an RF signal generated

20 by an amplifier and producing an RF detect signal. The
amplifier further has an output coupled to transmission line
matching circuitry. The RF signal coupler circuitry
comprises a substrate having top and bottom surfaces and a
predetermined dielectric constant; a through-path

25 transmission line having a predetermined shape and being
disposed on the top surface of the substrate, the through-path
transmission line coupled to the RF signal and included in the
transmission line matching circuitry of the amplifier; and a
coupled-path transmission line being disposed on the bottom

30 surface of the substrate and having a coupled port coupled to a
first complex impedance and an isolated port coupled to a
second complex impedance, the coupled-path transmission
line electromagneﬁically coupled to the through-path
transmission line for generating the RF detect signal at the



transm ssion lines 201 and 202 of transmission |line coupler 10 115. FIG 7
is a top view of the top layer 321 of the circuit board section in FIG 4,
show ng an ‘al ternate enmbodi nent of transmission |ines 201 and 202 of
transmi*ssion line coupler 115.° 15 Descrigtion of the Preferred Enbodi nent
Briefly described, the present invention enconpasses RF signal coupler
circuitry for detectl ng an RF signal generated 20 by an anplifier and

produci ng an RFceapRd psrtdiiing Hitamplitude eldted tothe @nplibudébput coupl ed

to transm ssion {1 mmatcgl ng circuitry. The RF signal coupler circuitry
conprises a sub g top and bottom surfaces and a predeterm ned

di el ectric constant; Refeiringdb-RI@.hl,2here inilustratedhalblock diagrag a

predeterm ned s t e of the substrate,
t he t hr ough- pat %?%%a %@gkon s% e COW@#?QO ﬁ’%ég siﬁgnal and included in
the transnmis |oradwméagﬁm@ly ngﬂmer plre,sent inventiorp| RE transmigtexr

coupl ed- pat h ”%ﬁ%ﬁiﬁ?'lﬂl)is‘ﬁﬁtbﬁ'c@ﬂuﬁﬁ&éﬁoﬁlzbdﬁnm Nwalichsur face of
t he substrate an havi n cou d, port C(‘)lip first conpl ex

i npedance and aft ?%HP 8@6 EﬁS‘F‘é’(ﬁrY& user 1nterface circuitry
151 coupled to a microphone 152, a speaker 153, and a keypad

154, all of which are controlled by microcomputer 111, and

10 which may be elements of any conventional cellular telephone,
such as, for example, the cellular telephone shown and
described in Motorola instruction manual number
68P81066E40, entitled "DYNATAC Cellular Mobile Telephone
800 MHZ Transceiver," published by and available from

15 Motorola C & E Parts, 1313 East Algonquin Road,

' Schaumburg, Illinois 60196. The operation and features of
such conventional telephone are described in Motorola user’s
manual number 68P81116E58, entitled "DYNATAC 6800XL
Cellular Mobile Telephoné USER’S MANUAL," published by

20 and available from Motorola C & E Parts, 1313 East Algonquin
Road, Schaumburg, Illinois 60196. |

RF transmitter circuitry 100 in FIG. 1 includes
cascaded amplifiers 101, 102, and 103 coupled by directional
coupler 115 and filter 105 to antenna 107. RF transmitter

- 25 circuitry 100 together with microcomputer 111 and receiver 141
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,

30 which produces pbWer detect signal 131. Microcomputer 111 is
responsive to power detect signal 131 for adjusting the
magnitude of gain control signal 132 to produce the desired
power level of transmitter output signal 123. Gain control
signal 132 is coupled to driver circuitry 113 (which may be

35 implemented as shown and described in US patent no.




second conpl ex i npedance, the coupl ed-path transm ssion |ine

el ectromagnetically coupled to the through-path transm ssion line for
generating ‘tthe RF detect signal at the coupl ed port having an anplitude
related to the anplitude of the RF signaj. Referring to FIG 1, there is
illustrated a block diagramof unique RF transmitter circuitry 100, which
may 5 advantageously utilize the present invention. RF transmtter

ci rlcwdt ry 100 |a523155f1tneei-ﬂdﬂaeéd h@i‘éiﬁﬂ?ﬂﬁeﬁﬂéhdei)fﬂ Q?Jlﬁtulg;_ﬁw a: sg :
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control l ed by nadjlmtdrhmamrplflbhtmanglamothenboﬁhlmal%ebﬁuhns of any
conventional cefljd hﬁén&@t?%ﬂ%ﬂ&terﬁgﬁ Wsighdl 185 be s&@&t & bp! ar

t el ephone shomn an escd rola irnstructiron nanua nunber
68P81066E40, D eneightppssibl rdevels iy refponse tacpained fressage vz
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may be set at one of eight possible power levels during an
assigned time slot in response to control message from the

10  cellular base stations (see US patent no. 5,192,223,
incorporated herein by reference). Both analog and digital -
cellular telephones may advantageously use the present
invention. _

Referring to FIG. 3, there is illustrated a detailed circuit

15 diagram of final amplifier 103 and power detect circuitry 109
in FIG. 1. Amplifier 103 is preferably a field effect transistor
(OKI type KGF1321S FET) which is coupled to amplified TX
signal 122 by a capacitor and transmission line 203 and
generates the transmitter output signal 123. The output

20 match of amplifier 103 consists of two low pass sections and
harmonic matching for the second and third harmonics. The
harmonic matching is accomplished by transmission line 204
and capacitor 243. Transmission line 205 and capacitor 245
provide one low pass filter section, and transmission line 201

25 and capacitor 247 provide the other low pass filter section.
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 the present invention,

transmission lines 201 and 202 are embedded in the output

30 match of amplifier 103. Since coupler 115 is 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

3%  coupled-path transmission line 202 (end connected to inductor



such conventional tel ephone are described in Mdtorola user's manual nunber
68P81116E58, entitled "DYNATAC 6800XL Cel | ul ar Mobile Tel ephone USER S
MANUAL, " publ i shed by 20 and available from Mtorola C & E Parts, 1313
East Al'gonqui n Road, Schaunburg, Illinoi g 60196. RF transnmitter circuitry
100 in FIG 1 includes cascaded anplifiers 101, 102, and 103 coupl ed by
directional coupler 115 and filter 105 to antenna 107. RF transmtter 25

circuitry 100 tozE)iacluddsisighalsiavelihngonly in 3he foRward diretfibni N FIG 2
e T e e ol R s A e b T 2 O™
described her ei rimetanvertivhalsdicectporeal ¢quplers; thecthrotughipathi try 109, 30
bover et ect o anepigsip 1idd, A8tk dourlo AR Bhinidddn tfd BRBCNS VO P
132 to produe tdesigred fafiiyohm impedastces agméhmlttsr \Ugﬁptideaﬂgnal 123.
Gain control sigapiidded By FRPbRM irfipédanics, &l gditioh of theRFWIERR MY be 35
el ennt el as A At t%sc%ixb%é’ port of te 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
10 occur since the both ports of the through-path transmission
line are ideally terminated by fifty ohm impedances. However,
since through-path transmission line 201 of embedded coupler
115 is not ideally terminated, but instead coupled between
capacitors 245 and 247, several reflections of transmitter
15 output signal 123 occur _
In coupler 115, a desired portion of transmitter output
signal 128 is coupled to the coupled port of coupled-path
transmission line 202. Transmitter output signal 123 travels
down transmission line 201 and a portion is reflected back by
20 capacitor 247. The first reﬂected transmitter output signal 123
‘travels back and a portion is reflected back by capacitor 245.
An undesired portion of second reflected transmitter output
signal 123 is coupled to the coupled port of coupled-path
transmission line 202. A portion of first reflected transmitter
25 output signal 123 is also coupled to the isolated port of coupled-
path transmission line 202 and travels back to the coupled port
of coupled-path transmission line 202.. According to a novel
feature of the present invention, if the proper isolated-port
complex impedance terminates the isolated port of coupled-
30 path transmission line 202, the portion of first 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
35 part, which is implemented in the preferred embodiment by



-4- 4,523,155, incorporated herein by reference) for adjusting. the

vol tage/current drive to anplifier 102 to correspondi ngly adjust the
anplification gain thereof. In analog-cellular t el ephones, transmtter

out put ‘signal 123 nmay be set at one of ei ght possible power levels in
response to control nessage fromthe cefﬁular base stations (see US patent
no. 4,523,155). In digital cellular tel ephones, transmtter output signal

123 may be set %de&%r@f1o€(usfﬁnf9ﬁalreh§tm(3 B ) B8ipg iin assi aned

time slot in response t
stations (see USe{i&Féﬁtt dsglﬂtquPOQtZQfa CQ‘H&G&W ttEanspission l&‘}‘er ef erence).

Both anal 0g and 2090/ Byutilbihy e fropepiteted:portaduiylor mpedcyse e
present inventi Refler ri gqq %gere is i I l, usaisat ed fl detail ed

Pl Tout 16 di ndpsance whasred portibus of bAS refledied sibRalencbupfre . f 1y 100
in FIG 1. Abpl ilﬂﬁanay(h% embedcwdelmﬁlqowtp‘utahdtdf ofemmplifiendi08; or (OKI type
KGF1321S FET) t apaci t or
and transm ssi \(I)V% ? f&%& gqn s(rallé)rga qwég%%&t gﬁ&?ﬁ‘gl gnal 123.
The output 20 RRAehapd wmber @W%s PraperRup. sections and
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cancellation, and is implemented in the preferred embodiment

10 Dby inductor 212 (5 nH) coupled in series with inductor 211 (22
nH) and the resistance of diode 206 to the coupled port of
coupled-path transmission line 202.

Transmission line 201 provides a through-path for

transmitter output signal 123. Coupled-path transmission

15 line 202is ele_ctromagﬁetically coupled to transmission line 201
for generating an RF detect signal having an amplitude
related to the amplitude of transmitter output signal 128. The
RF detect signal from transmission line 202 is coupled by
inductors 212 and 211 to diode 206, which together with

20 capacitor 231 half-wave rectifies it to generate a DC voltage
proportional thereto that is stored on capacitor 231.

The DC voltage stored on capacitor 231 is coupled by
resistors 282-235 and capacitor 236 to provide power detect
signal 131. Resistor 224 and diode 207 generate a bias voltage

25 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

30 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 power detect circuitry
109, an impedance implemented as inductor 211 (22 nH) is

3 coupled to diode 206 for matching the inherent diode resistance



harmoni ¢ matching is acconplished by transm ssion |ine 204 and capacitor
243. Transm ssion |line 205 and capacitor 245 provide one |ow pass filter
section, and transm ssion |line 201 25 and capacitor 247 provide the other
| ow-pass filter section. Transmission lirke 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 the present invention, transm ssion
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conpl ex i npedandRVer detect eirguitzy 108y a8 mychsas a factor of two o
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predetermined one of the eight possible power levels), where
sensitivity is most important. Since power detect circuitry 109
10 is more sensitive, less signal is needed for detection and a
coupler 115 with 20 dB of coupling can be used instead of 15 dB
of coupling used in detector circuits without inductor 211.
Coupler 115 with 20 dB of coupling reduces the insertion loss
by approximately 0.1 dB, translating into a current drain
15 savings of approximately 8 mA, thereby substantially
extending the battery talk time.
Referring to FIG. 4, there is illustrated a section of a
circuit board of the transmitter circuitry 100 in FIG. 1,
showing transmission line coupler 115. Transmitter circuitry
20 100 is implemented on a multi-layer circuit board or substrate
having three substrate layers, 321, 322 and 323, which, in the
preferred embodiment, are comprised of FR-4 fiberglass
material having a dielectric constant of 4.66. The substrate
material may also be any other suitable material, such as, for
25 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)
30 ' 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
3 other circuitry plating (not shown) on its bottom surface 304.




5 designed for fifty ohminpedances at all ports. Wien ideally term nated
by fifty ohminpedances, a portion of the RF signal appears at the coupled
port of the”coupled-path transm ssion |ine, and -no signal appears at the

i sol ateld port of the coupled- path transgi-ssion line. Also, no reflections
of the RF signal 10 occur since the both ports of the through-path
transm ssion line are ideally termnated by fifty ohminpedances. However,
si nce through- pdidyers 323822 iand 32hareplhted witlp thie ecrrespandingl1 15 i s not

ceall e by a0 Bt SOOAS RURTRPORG I G5l 207,
115, a desired ﬁ@#fﬁbgﬂ p@flcqasaﬁ&wfemrmmibgpagd-gnm 123 is coupled to the
coupl ed port of couplRsfepahp tbFIG S, thefdid ilRRtrdled altaywiew btheut put
signal 123 travel s.down a ssion ,line 20) and oftion. s reflected
back by 20 Rap EPtlBYerzﬁéi ‘#ﬁg]e F’rrFE’B‘ l?‘@frﬁ nt‘Paﬁs(g'i ‘i’t@mﬂﬁgﬂ si gnal
123 travel s baclemivstimenirdfl teansmissibn ¢irtes R0Iafd [B02robiranbnrissiéh. An
Coupled to the dTUPEELS, ARt td 8Hiel SRlnPe o ShertirtBRia = °
portion of firstlinee¢ouplerdldy transmissiondine 802 jaffomngdah 123 is al so
;:oupl ed to the igg éﬂﬁﬂei[?m’gtm%n%%BEHQhaP%thiBﬁé‘Biﬁf §299Rd 1 ne 202 and
ravel s baclioto trt?' co%[‘)l3e34£ort_ ite sides of £ ission line 201
portions 343, are on opposite sides of transmission line
when viewed from the top, as in FIG. 5.
Transmission line coupler 115 is preferably sensitive
enough to detect low signal levels of transmitter output signal
123, and also relatively low loss to avoid unnecessary
15 attenuation of transmitter output signal 123 and
corresponding unnecessary current drain from the battery.
By utilizing the transmission line coupler 115, electromagnetic
coupling of 20 dB may be achieved in the 825 mHz to 925 mHz
frequency band with an insertion loss of less than 0.15 dB.
20 The amount of electromagnetic coupling between
transmission line 201 and transmission line 202 is dependent
on a number of factors, including the width of transmission
line 202, the thickness of layer 321, and the distance portions
341, 342, 343 and 344 are offset from, and parallel to the edges
25 of transmission line 201. Portions 341, 342, 343 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
342 taken together is substantially the same as the length of
30 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.
Electrom'agnetié coupling between transmission line 201 and
transmission line 202 is at a maximum between transmission
35 line 201 and portions 341, 342, 343 and 344, and is minimal




of coupl ed-path transm ssion line 202. According to a novel feature of the
present invention, if the proper isolated-port conplex inpedance term nates
the isolatéd port of coupled- 30 path transmission |ine 202, the portion
of first reflected transmtter output si-@wal 123 that travels back to the
coupled port wll cancel the coupled portion of second reflected
transmtter output signal 123. This proper isolated-port conplex inpedance
i ncl udes a real heitweenntransmissighriime 203 anshthe petrperdicularpiréionst ed i n t he

ol o0 00 bt updor FrlHBLALAROTLE AN e gt o1 222 (59
line 202. By utivariatigns e the gesgistraliombetween the girenitryinlatingane to cancel
st o0, T 08 o e e st S0 ahySukn s e
savi ngs i npbtt;l ﬁ@eﬁfﬁwg@%&fi‘gﬂa&&aﬁ&eﬂ@r@ qu;pa eHonents. The
proper coupl ed- ¢ouplinpbetivecen tiathmmission lihb@0leahd teansmibssioke dineed
cancel [ ation, angng S FPLGIRMS for PortitbnsS £, Yo FoRR N HER"
coupling for portions 343, 343 decrease, and vice versa. Many
other configurations and shapes of transmission line 202 are
10 possible including sawtooth, semi-circular, and elliptical
configurations, as well as the configurations in FIG. 6 and
FIG. 7 described herein below.
Referring to FIG. 6, there is illustrated a top view of the
top layer 321 of the circuit board section in FIG. 4, showing the
15 preferred embodiment of transmission lines 201 and 202 of
transmission line coupler 115. Transmission line 201 is U-
shaped, and transmission line 202 includes portions 641 and
642 that electromagnetically couple to the parallel sides of U-
shaped transmission line 201, and portions 643 and 644 that
20 couple to the middle side of U-shaped transmission line 201.
Portions 641, 642, 643 and 644 are spaced approximately 0.004
inches from transmission line 201. Portions 641 and 642 are
substantially the same length, and portions 643 and 644 are
substantially the same length. The total length of portions 641,
25 642, 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
portion 644. Portions 641 and 644 provide at least 23 dB of
30 coupling, and portions 642 and 643 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
variations in the registration between the circuitry plating on
3 the top surface 301 and circuitry plating on the bottom surface



10 by inductor 212 (5 nH) coupled in series with inductor 211 (22 nH) and
the resistance of diode 206 to the coupled port of coupl ed-path

transm ssi oh |ine 202. Transm ssion |ine 201 provides a through-path for
transmtter output signal 123. Coupled-pgyh transm ssion 15 Iline 202 is
el ectromagnetically coupled to transm ssion |line 201 for generating an RF
detect signal having an anplitude related to the anplitude of transmtter
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capacitor 231 hﬂﬁhﬁﬂgé’z ‘?ﬁnﬁ %wéerp}l ?%lﬂj Bﬁ? b@’b%ﬂ sy yfl&port i onal

thereto that is 20loand transmission ine202. The DC voI tage stored on capacitor

231 is coupled by re ower
detect signal 131. RZ%%?ﬁﬁg@? %%37 3;5@%?%@@1%%#8@%6 Fage 25
from vol t age5v2 tapileyer 32t of she ginspit board; sactionzin BH4 mg &muct or 210
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D e 0 A b L e ke S S Qeo havg Sybatant a1y
MVBD770T1 di odepargllelipoiohs B4pandt742-thatrgrerpeaatiel] to,edd 206 so t hat power
detect signal 1?&e&9&§1aﬁ‘85ti¥.§ﬁ¥ chbne to transmission line 201. Portions
10 741 and 742 are substantially the same length, and the
coupling prdvided by portions 741 and 742 is substantially
equal. |
In summary, a unique transm1s31on line coupler 115
includes forward-path transmission line 201 and a coupled-
15 path transmission line 202, which are embedded in the output
match of amplifier 103. Transmission line 201 acts as a low
pass filter section of the output match of amplifier 103, and
also serves as 'forward-path- transmission line of coupler 115,
thereby resulting in substantial savings in both circuit board
20 space and the number of components, and reducing the
overall insertion loss in the path between amplifier 103 and
antenna 107.



of power detect

changes in tenperature. According | PHRS DoVt LASRlRKE
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circuitry 109, an inpedance inple nt edrepLABEHCt OF

coupl.ed to ti ode 206 for matchi ng Yhe=inhereat—di-od: r i R
capaci tance (1.5 pF), . thereby enhancing fhe sensitivit o ' 'Q\'/ver" detiawiEN
circuitry 109 by as nmuch as a factor of” two. Although i enent ed“®t h

I nductor 211, the natching i npedance may al so be inpl enented by
correspondi ng 5 capacitive circuitry.éigﬁggﬁtching i npedance maxi m zes
power transfer to diode 206 and is pr y optim zed for operation at
the | ow power levels (e.g., at power levels below a predeternined one of
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F signal coupler circuitry comprising:
a substrate having top and bottom surfaces and a
predetermined dielectric constant;

10 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
the RF signal and included in the transmission line matching
circuitry of the amplifier; and

15 a coupled-path transmission line being disposed
on the bottom surface of the substrate and having a coupled
port coupled to a first complex impedance and an isolated port
coupled to a second complex impedance, the coupled-path
transmission line electromagnetically coupled to the through-

20 path transmission line for generating the RF detect signal at
the coupled port having an amplitude related to the amplitude
of the RF signal.

2. The RF signal coupler circuitry according to

25 claim 1, wherein the transmission line matching circuitry

includes a first low pass filter section and a second low pass

filter section coupled in series to the output of the amplifier,

and the through-path transmission line is included in the

second low pass filter section of the transmission line
30 matching circuitry. :
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15 savings of approxi mately 8 mA therﬁbﬁf_‘@upﬁ:@rﬁﬁsaéééfq dkt endi ng the
t

battery talk time. Referring to FIG 4 therqﬁ_f_ p/stratjed B

circuit boatd of the transmtter circui x40 FG—3 qho

transm**ssion |ine coupler 115. Tr-ansm’ttﬁ circuitry 20 100 |
=]

on a multi-layer circuit board or substt havi ng three substrate Iayers
321, 322 and 323, which, in the preferred enbodi nent, are conprised of FR-4

ot et .g'ai"‘s?m;méféL""Le“%‘X'y“ﬁﬁ%@ﬁfﬁ?&éﬂ%&ﬁé?@w e o0 L0
al umi na, duroi d frequensya(RE) signpbandopradueinglestrhnsmitter gatput r ansni ssi on
|l ine 201 conpri szigngf af8 tﬁfg@gggd‘g%rn%ﬂg%ﬁ%hhmq&méurface 301,

and coupl ed- pat h a.nsm Ssi on of conductive nateri al
plated on its bEiFBHEEUCOMRFISBE: Ot her circuitry plating (not shown) 30

rr?yl be Inglztiae]g OE ot her. F@Bibghalfswfeefﬁpgaﬁ&abmgﬂmRFE 30|1 and 3g2
of | ayer of the CII’CUIt oar ayer s an int ayer that
does not have any ci rcwtr 1 %r ‘59}852“92@% °’&P8ﬁ8§e~%$§?fng on its
top surface 303 qnd)aigﬁing:oatgﬂcmgmhlﬂoamnphfymgwsmvamahhe gaire¢h@01 and
202, and has 35 jn@lhRLsiGh WigRAL b PhothicadHe FanshAWer R¥tpt Sidipllt om surface

304. the variable gain being related to the magnitude of the gain
10 control signal, the amplifier having an output coupled to
transmission line matching circuitry;

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

15 signal, said transmission line coupler further comprising:
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
20 the substrate, the through-path transmission line coupled to
the RF signal and included in the transmission line matching
circuitry of the amplifier; and |
a coupled-path transmission line being
disposed on the bottom surface of the substrate and having a
25 coupled port coupled to a first complex impedance and an
isolated port coupled to a second complex impedance, the
coupled-path transmission line electromagnetically coupled to
the through-path transmission line for generating the RF
detect signal at the coupled port having an amplitude related
30 to the amplitude of the RF signal; and '
control circuitry coupled to the RF detect signal
for adjusting the magnitude of the gain control signal to
maintain the transmitter output signal at the predetermined
power level.

aced




I;ﬁ

-8- Layers 321, 322 and 323 are plated with tn‘g‘m" ;
bonded together by |am nation processes or ot ﬁ'%ﬁf"_ﬁﬁbﬁésrﬁl:‘cme
circuit bodrd. Referring to FIG 5, there is [LLLustEREAGER top Yji ew of the
5 top’layer 321 of the circuit board segiion in FI G & —shov an

enbodi nent of transm ssion |ines 201 and 202 of transm ssion |ine coupler
115. According to a novel . feature of transm ssion |line coupler 115,

tra{lsm 35522 I |32e 20? S f'mérefht ﬂﬁn%ﬁ%@%ﬁﬂiltﬁﬁa&dﬁﬁ?'ﬁﬂﬁlaﬁﬂ@‘ th?t
portions an ortions are.on oppasi €s o

transm ssion i %ﬁ@rﬁgwmwff‘%h‘flbﬁ‘d‘é&eﬁg %G% ‘%Pﬁnsm ssi on
| i ne coupl er 1150uplqﬂbj andlaldy ctmntoi ﬂheVEF&ieta@mgnahﬁtratebtlfpugsmgnal | evel s
of transmtter | s to avoi d
Cnecoosary 15 T Bted dRRl &b £HSRAE QEhE séé%@and
correspondi n§ ueinsuiigyanoppled tebie deteator sigmal fer Bdjusting thy utilizing the
transm ssion Ii 'iﬁz%ﬁ‘ﬂﬁﬂérof%ﬁé a@ﬁ%hﬁﬁl@é&?ﬁlﬁbﬁx%‘ﬂd:ﬁ&h@f 20 dB may be

achieved in the ency ,band .w an insertion | oss of
| ess than 0.15 deansmitter output 51gna.{ at %ﬁ gdetermme power level.

Wmrcuitry and
ses to form

5. The transmitting circuitry according to claim 3,
10 wherein the transmission line matching circuitry includes a
first low pass filter section and a second low pass filter section
coupled in series to the output of the amplifier, and the
through-path transmission line is included. in the second low
pass filter section of the transmission line matching circuitry.
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20 The amount of el ectronmagnetic couplin 2 ansnj ssion |ine
201 and transmi ssion line 202 is dependent on @ %
i ncluding the width of transm ssion |line 202, tih
and the distance portions 341, 342,343 ang.344 are o o1 d
parallel to the edges 25 of transmssion line 201. Portions 341, 342, 343
and 344 in FIG 5 have a width | ess than the width of transm ssion I|ne
201, and are offset f@.om theaecstjhdaptelephone] trrinzamitting ciPduibyy for

substantially t f t 342 taken
together is subgﬁnﬁw%ﬁgi uEﬁ@;?KﬁF? F\%ﬁ% r?‘i]§6§ p%lr :jaons 343 and
344 taken toget He'ansnh‘@tecmuppuhglmxatcaanmgetpmmedmomx leyel, sai t aken
together is SUbSt,trﬁﬂEhﬁfdlE%e(ﬁi-'&htfﬁcbﬁﬂ)r‘iﬁﬁ gting provided by portions 343

0 o | e e S eial siree G SWbAAAL TR b T AHERLED) o 50 | e
201 and port i ons 341, 342, aﬁ%,’mplﬁtﬁeﬁédup]gdctd ﬁumnﬁ)fmhtmn s1gnabet ween
ranm oSt on 11 Rk AT B cARE P18 i YR
information signal to produce the transmitter output signal,
the variable gain being related to the magnitude of the gain
10 control signal, the amplifier having an output coupled to
transmission line matching circuitry;
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
15 signal, said transmission line coupler further comprising:
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
20 the substrate, the through-path transmission line coupled to
the RF signal and included in the transmission line matching
circuitry of the amplifier; and
a coupled-path transmission line being
disposed on the bottom surface of the substrate and having a
25 coupled port coupled to a first complex impedance and an
isolated port coupled to a second complex impedance, the
coupled-path transmission line electromagnetically coupled to
the through-path transmission line for generating the RF
detect signal at the coupled port having an amplitude related
30 to the amplitude of the RF signal; and
control circuitry coupled to the RF detect signal
for adjusting the magnitude of the gain control signal to
 maintain the transmitter output signal at the predetermined
power level; and
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variations in the registration between the circuitry plating on the top
surface 301 and circuitry plating on the bott sirface 530 | ayer 321
do not degriade overall electromagnetic coupl iy Thies sEERT LpansEENsYi on |ine
201 and transm ssion line 202, since cqugJng |for p@ﬁﬁuﬂ¢5534l 42

I ncrease when coupling for portions 343, 343 d ersa. Many
ot her configurations and shapes of transm ssion |ine 202 are 10 possible

i ncl udi ng sawt oot h, seni - erﬁ.ﬂte’ﬂna adbled! toptra@amissiohiline abuplhs, as wel |
as the configurggi "P‘h { ¢ and IG [ descrisbed herein bel ow
Referring to FI &% he, l;a'qs&l{: T PRt 6%“%'1 ew of the top layer 321
of the circuit board section in FIG 4, showing the 15 preferred

enbodi nent of transnyss&g?qésf%?lsgﬁ&ﬁg%g%ﬁuﬁ; abdo?i E&'cﬁﬂni gne coupl er

115. Transmi SSI on liné nsm ne 202 incl udes
portions 6415an&herein khe centrel FB‘#HWtf eryinchigdpsca diode defretar | el si des

g](c)u:)}l espgp?ﬂet ? dgnghﬂﬁclgﬂjto tﬁemq&é@s@%ﬁﬂﬁ&% - tgfithi (2)25 641
642, 643 and 64 aﬁ@t é&%&?léﬁrﬁwgg‘ﬁﬁ@eﬁié %Oﬂg?ﬁ]eﬁéé‘ff’?% ransmi ssion
line 201. Porti ocireuii4y conpleditd thedetdetorosignal for adjmssimgetHeengt h, and
portions 643 angl gAtﬁtﬁgofwﬂétgﬂmicﬁ“%ﬂsf&aﬁ%'a%ﬂthzhe total |ength of

portions 641, )
10 transmitter output signal at the predetermined power level.

8. The transmitting circuitry according to claim 6,
wherein the transmission line matching circuitry includes a
first low pass filter section and a second low pass filter section
15 coupled in series to the output of the amplifier, and the
through-path transmission line is included in the second low
pass filter section of the transmission line matching circuitry.
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25 642, 643 and 644 taken together is approximately 0.4 inches. The
coupling provided by portion 641 is substantially equal ta the coupling

provi ded by portion 642, and the coupling prouﬂ.qqgc 8PQ4B 1S
substantial ly- equal to the coupling praygled hy- porﬁgp%ﬂ II:D ions 641

and 644 provide at |east 23 dB of 30 coupli ng=—ant=pertions—642] and 643
provide at |east 23 dB of coupling, to produce el ectromagnetlc coupl I ng of

at |l east 20 dB in t he EMBEDDEDTEANSMISSION EINE COUPLERY an insertion

| oss of |ess than O. t F L | variations
in the registration %@F&M@mwgﬁ% %ﬁlPﬁFm e top surface
301 and circuitry plating on the bottom surface -10- 302 of layer 321
may occur in both the X and Y directions w thout degrading overall coupling
bet ween trangm ssion |line 201 g i : Lipe 202. Referring to FIG

7, there is 1tllustrated a top [ D Tayer 321 of the circuit
board section in FIG 4, showing an alternate enbodi nent of transm ssion

lines 201 and 202 of A ¢pdiewhissiodNlihe RBuplirn(126) FdPa tFanammgtesi on |ine 202
' ncl udes output signal (123) generated by an RF signal amplifier (103)

includes a through-path transmission line (201) and a

10 . coupled-path transmission line (202) electromagnetically
coupled thereto by multiple serpentine-like portions (such as
portions 641, 642, 643 and 644 in FIG. 6), which are disposed on
opposite sides of the through-path transmission line (201) for
enhancing coupling sensitivity and eliminating degradation

15 in the amount of coupling due to variations in the
transmission line plating registration. Offset portions (641,
643) on one side of the through-path transmission line (201)
provide substantially the same amount of coupling as the offset
portions (642, 643) on the other side of the through-path

20 transmission line (201). The transmission line coupler (115) is
embedded in the output match of the final amplifier (103) and
includes complex impedances (212 and 210, 222) at each port of
the coupled-path transmission line (202) for substantially
eliminating undesired reflections. The coupled port of the

25 coupled-path transmission line (202) is coupled by an inductor
(211) to a hot-carrier diode (206) for enhancing the detection
sensitivity thereof.

This Sheet Has Been Re[ilaced.




parall el portions 741 and 742 that are parallel to, and el ectromagnetically
couple to transmssion line 201. Portions 10 741 and 742 are substantially
the sane I ength, and the coupling provided by portions 741 and 742 is
substantially ‘equal. .In sumary, a unique transm ssion |ine coupler 115

I ncl udes forward-path transm ssion |ine 2 nd a coupled- 15 path

transm ssion line 202, which are enbeddlq/}ﬁfthe output match of anplifier
103. Transnission |ine 201 acts as a low pass filter section of the output
match of anplifier 103, and also serves as forward-path transnission |ine

- of coupler 115, thereby resulting in substantial savings in both circ

board 20 s th unberapf conpo ts, and reducing tif8
i nsertion p@%ﬁb ? fier 1113 and ante . l’@ al s
ndeIN BN si :
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5 out put inpedance, said RF signal coupler circuitry conprising; a
substrate having top and bottom surfaces and a predeterm ned dielectric
constant; @ transm ssion |ine matching circuitry being di sposed on the top
surface of the substrate and coupled to the anplifier 10 output for

mat chi ng the out put inpedance of the aﬁlai{f' r, conprising: a first |ow
pass filter section including a first SHi ssion line; and a second | ow
pass filter seghion being coupled to the first 15 Ilow pass filter section
and incl udi ng gt hr..augh path transm ssion |ine being disposed on the top
surface of thebs , the through-path transm ssion |ine coupled to the
RF signal; andg"c céﬁg d-path transm ssion |ine being disposed on the
bottom surface Ff Re su rate and having a coupled port 20 coupled to a
first conplex inpedance d an isolated port coupled to a second conpl ex

| npedance; the coupled-pafh transm ssion |line electromagnetically coupled
to the through- path fLan m ssion |line for generhng the RF detect signal
at the coupl ed port ha:w an anplitude related togthe anplitude of the 25
RF signal. 2. Transmyt ng circuitry for arrpli&/bing a radio

3 3
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frequency (RF) signal and producing a transmtter output signal -12- at
a predetern1ned power level, said transmtting circuitry conprising:. a

si gnal sour’ce for generatlng the RF signal; an anplifier having an output
i npedance and being 5 coupled to the RF signal and a gain control signal
for anplifying the RF signal by a varig§ @in to produce the transmtter
output signal, the variable gain haV|ng nagnltude related to the

magni t ude of t he gain control signal; lgap a bottom
e ; 1" sion line

surfaces and a 10 predet er n2fk >
matching circuitry beanJUISposev On bh ' -ce of the substrate and
coupled to the anpllflfy outy S e OM! put |npedance of the

~anplifier, conprising:
a first transm ssion,|i R
coupl ed to-the firstJ02

J03

o secJZlon el uding
S on bei ng

343 34

I

741 321

Al ////////

201 W




| ow pass filter section and including a through-path transm ssion |ine
bei ng -di sposed on the top surface of the substrate, the 20 _through-path

transm ssion |ine. coupl ed to the transmtter output signal; Miﬂg‘g‘:;\ﬁ“s

EET

coupl ed- path transm ssion |ine being digposed on the bottorn
substrate and having a coupled port coupled to a first conyl ¢x i npedance
and an.isolated port 25 coupled to a second conpl ex i npeddnde, 2 2HbAY 1996

coupl ed-path transm MEDDDMSMMI@NMNEO@IUPL@RH the through-

g

bort having an anpl FORBADRGRBRPENEY RICNAT AMPLRS, O5, 1007 o |

signal ; and control circuitry coupled to the RF -13- detect signal for
adjustlng t he magni tude of the gain control signal to maintain the
transm tter gout put signal at e. D 0 d_nower level. 5 3.
The transn1§t|ng circuitry ac COREER- Ot =Z,<wherein the control
circuitry further includes a diode detector coupled by an inductor to the

RF detect signal fora gReldrhidsith 1ide coupler (115) for a transmitter
output signal (123) generated by an RF signal amplifier (103)
includes a through-path transmission line (201) and a

10 coupled-path transmission line (202) electromagnetically
coupled thereto by multiple serpentine-like portions (such as
portions 641, 642, 643 and 644 in FIG. 6), which are disposed on
opposite sides of the through-path transmission line (201) for
enhancing coupling sensitivity and eliminating degradation

15 in the amount of coupling due to variations in the
transmission line plating registration. Offset portions (641,
643) on one side of the through-path transmission line (201)
provide substantially the same amount of coupling as the offset
portions (642, 643) on the other side of the through-path

20 transmission line (201). The transmission line coupler (115) is
embedded in the output match of the final amplifier (103) and
includes complex impedances (212 and 210, 222) at each port of
the coupled-path transmission line (202) for substantially
eliminating undesired reflections. The coupled port of the

25  coupled-path transmission line (202) is coupled by an inductor
(211) to a hot-carrier diode (206) for enhancing the detection
sensitivity thereof.

FIGURE 3.




RF detect signal to produce a detector signal, said contfdfm GGt R
coupl ed to the detector signal for adjusting the 10 nmg iPLdd 56 b SHERT
control signal to maintain the transmtter output signal t he

predet er mi ned power |evel. 4. In a cellular tel ephone,] tir arshQCTi 1097
circuitry for anplifying a radio frequencylXRF) signal produci ng a
transmtter output signal at a predeterm ned power |evell ' '
circuitry conprising: a signal source fo& enerating the RFE signal; an
anplifier hav: ng an out put inpedance and L%mﬁg coupled o the RF signal and
a gain control signgl fon S AYA 0 . S| by: i@hl e gain.
to produce the trangm' tté{rﬁggt E%éhgﬁ%ﬁaqm&iﬁﬁ%nba grg%ﬁrgu%g n%li)rel gt ed
to the magnit ugRiitidd' A RP §GARI Yereried byaanUbfipliFier aadi peodesingd
bottom surfaces and a predeterm ned dielectric constant; 25 a
transm ssi on | iapne RFatdetecty signat,uishidy aneplifier!ilmvirsg damroutpet tamd anr f ace of
the substrated and coupled to the anplifier output for matching the output
i npedance of t loatpwplintpedanceospid sRnEg_signal coupler circuitry comprising;

a substrate having top and bottom surfaces and a

b D)

predetermined dielectric constant;
a transmission line matching circuitry being disposed on
the top surface of the substrate and coupled to the amplifier
10 output for matching the output impedance of the amplifier,
comprising:
a first low pass filter section including a first transmission
line; and
a second low pass filter section being coupled to the first
15 1low pass filter section and including a through-path transmission
line being disposed on the top surface of the substrate, the
through-path transmission line coupled to the RF signal; and
a coupled-path transmission line being disposed on the
bottom surface of the substrate and having a coupled port
20 coupled to a first complex impedance and an isolated port
coupled to a second complex impedance, the coupled-path
transmission line electromagnetically coupled to the through-
path transmission line for generating the RF detect signal at the
coupled port having an amplitude related to the amplitude of the
25 REF signal.

2. Transmitting circuitry for amplifying a radio

frequency (RF) signal and producing a transmitter output signal

* c L M S *



-"14 - a first low pass filter section including a first t %%”érﬁza AR 1
and a second | ow pass filter section being coupled to the rst | ow pass
filter section and including a through-path transm ssion 5 |§j ne H8CHJ997

di sposed on he top surface of the substratg _the through-pjath transm ssion
line coupled to the transmtter output signal; and a coupled-parh

transm ssion |line being disposed on the bottom surface of fhe substrate an
havi ng a coupl afl goptededermined qsbwer deivel,stsatd Mehesmittimgdasiecuiand an

i solated port coupled to a second conpl ex inpedance, the coupled path
transm ssi on | compiemg:onagnetically coupled to the through- path

transm ssion line for generating {he RF detect signal at, the coupled port
havi ng an anplitude?r& sousce Hor gensrating the signali r ansmitter out put

[ | ; d | ci It L | ed d ' £ dj [
he magn; tude. of ¢ h&PgaRtPItk HVARE] AL ob LI mPRARER A SRR « or out put
signal ‘at the BbRORKPYS HEIREPWRindI iRl ‘a Yith Vorti1oHhal Yor' Ayl ¢ he

transmtter output signa
the RF signal by a variable gain to produce the transmitter

output signal, the variable gain having a magnitude related to the
magnitude of the gain control signal;

a substrate having top and bottom surfaces and a

10 predetermined dielectric constant;

a transmission line matching circuitry being disposed" on
the top surface of the substrate and coupled to the amplifier
output for matching the output impedance of the amplifier,
comprising:

15 a first low pass filter section including a first transmission
line; and ' .

a second low pass filter section being coupled to the first
low pass filter section and including a through-path transmission
line being disposed on the top surface of the substrate, the

20 through-path transmission line coupled to the transmitter output
signal; and

a coupled-path transmission line being disposed on the
bottom surface of the substrate and having a coupled port
coupled to a first complex impedance and an isolated port

25 coupled to a second complex impedance, the coupled-path
transmission line electromagnetically coupled to the through-
path transmission line for generating a RF detect signal at the
coupled port having an amplitude related to the amplitude of the

transmitter output signal; and control circuitry coupled to the RF

* € L MK § =
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5. The transmitti ng circuitry according to claim 4 whe R
circuitry further includes a diode detector coupled by anji
RF detect signal for rectifying the RF detect signal to pyodueel 8CAeB8Lt qr

signal, said control 25 ~circuitry coupled,to the detectof kignal for
adj usting the magnitude of the gain cont rol signal to maiptarm tne
transmtter output signal at the predeterm ned power |eve]. -15 - _an

ant enna coupl e o.transm ssion.|ine upler for, radiating, the transmtter
out put si gnal . %;Ttect HeY rfﬂ’f’sﬁaﬂsi% gﬁ?c'ﬂi‘iagpyug&B ' ﬁggg’d‘ QoBtiRls, 5
wherein the co b T e [T T ' d di d or coupl ed by
an i nductor tolg%%@lR‘libd%%{aY%ig%aﬁqng?ﬁiﬂggtﬁﬁgﬁl&gk%&%‘l@ gg%ect signal to
produce a det egpiredeterfiiined Jwe€OIdved! circuitry coupled to the detector
signal for adjusting the nagnitude of the gain control signal to maintain
the 10 transmtter output signal at the predeterm ned power |evel. 8.

The transmtting circuitry according to claim®6, wherein the transm ssion
line matchi®g circuidry i dransmitting circuitry according to claim 2,

wherein the control circuitry further includes a diode detector

coupled by an inductor to the RF detect signal for rectifying the
RF detect signal to produce a detector signal, said control
circuitry coupled to the detector signal for adjusting the

10 magnitude of the gain control signal to maintain the transmitter

output signal at the predetermined power level.

4. In a cellular telephone, transmitting circuitry for
amplifying a radio frequency (RF) signal and producing a
15 transmitter output signal at a predetermined power level, said
transmitting circuitry comprising:
a signal source for generating the RF signal;
an amplifier having an output impedance and being
coupled o the RF signal and a gain control signal for amplifying
20 the RF signal by a variable gain to produce the transmitter
output signal, the variable gain being related to the magnitude of
the gain control signal;
a substrate having top ad bottom surfaces and a
predetermined dielectric constant ;
25 a transmission line matching circuitry being disposed on
the top surface of the substrated and coupled to the amplifier
output for matching the output impedance of the amplifier,

comprising:

Ty



|REPLACE:

first low pass filter section and a second | ow pass filter {Sqet+-oH '43" M@ET
coupled in series .to the output of the anplifier, and the tjhriough- path
transm ssion line is included in the second | ow pass filter ecT i lCHM9%he
transm ssion line matching circuitry. 14

LD,

a first low pass filter section including a first transmission
line; and
a second low pass filter section being coupled to the first
low pass filter section and including a through-path transmission
5 line being disposed on he top surface of the substrate, the
through-path transmission line coupled to the transmitter output
signal; and
a coupled-path transmission line being disposed on the
bottom surface of the substrate and having a coupIed port
10 coupled to a first complex impedance and an isolated port
coupled to a second complex impedance, the coupled path
transmission line electromagnetically coupled to the through-
path transmission line for generating the RF detect signal at the
coupled port having an amplitude related to the amplitude of the
15 transmitter output signal; and
control circuitry coupled to the RF detect signal for
adjusting the magnitude of the gain control signal to maintain the
transmitter output signal at the predetermined power level; and
an antenna for radiating the transmitter output signal.
20
5. The transmitting circuitry according to claim 4
wherein the control circuitry further includes a diode detector
coupled by an inductor to the RF detect signal for rectifying the
RF detect signal to produce a detector signal, said control
25 circuitry coupled to the detector signal for adjusting the
magnitude of the gain control signal to maintain the transmitter

output signal at the predetermined power level.
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