{
OFFFSET . TRANSM SSI ON LI NE COUPLER FOR RADI O FREQUENCY SI GNAL ANPLfEm% S Eij
Bagkground of the Invention 5 The present invention is generally related to
radlio frequency (RF) signal couplers, and nore particularly to an. of fset
transm ssion |line coupler for RFE signal anpliflers of cellular tel ephones.
10. I n conventional cellular tel ephonesy"RF signal couplers have been
I npl ement ed by several nethods, including by neans of capacitive couplers

or transm ssion |ine coupl ' t PN j s typically
have been inpl enmented by a%ﬁ?ﬁﬁ%ﬁs@?ﬁqﬁﬂ‘éﬁﬁ&@ surface of 15
a top layer of a multi -IE@&RADI&MEQHEN%S&GMEWMR RSion line
on the bottom surface of the top layer,-directly under and

el ectromagnetically coupled to the first transmssion line. A ground plane

i s disposed on the bottom sur f ac Bagkground:efbhelnyension he circuit board,
which is 20 Iam5|ated to the top layer. The top |ayer of the circuit board

RUAUCE RIS SEX R T R e
circuit boards has Frequedey (RF)signal couplers; amil morerphrticudintly to arel | ul ar
Lhi mnor and Lo of <GSR BAERApoR, Ak RoulFor IR SRR abRARRIRST 00, | 07
amount of coupling cellular telephonesnsni ssion |ine. However, its is
difficult 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
implemented by a first transmission line on the top surface of
15 a top layer of a multi-layer circuit board and a second
transmission line on the bottom surface of the top layer,
directly under and electromagnetically coupled to the first
transmission line. A ground plane is disposed on the bottom
: surface of a bottom layer of the circuit board, which is
20 laminated to the top layer. The top layer of the circuit board is
’ of sufficient thickness to achieve a desired amount of coupling
between the first and second transmission lines. However, as .
 the thickness of circuit boards has been decreased to decrease
size and weight of cellular telephones, it has been necessary to
25 make the second transmission line thinner and to offset the
second transmission line to provide the desired amount of
coupling to the first transmission line. However, its is difficult
to maintain the desired amount of coupling between the first
and second transmission lines, because of the variation in the
30 registration between the transmission line plating on the top
and bottom surfaces of the top layer of the circuit board. For
example, a variation of plus or minus 0.003 inches in the
registration of the circuitry plating will produce a coupling
variation of up to plus or minus 3 dB. For the foregoing
35  reasons, there is a need for an improved offset transmission
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to maintain the desired anmount of coupling between the first and second
‘transm ssion |lines, because of the variation in the 30 registration
"between the transmssion line plating on the top and bottom surfaces of the
top layer of the circuit board. For exanple,_a variation of plus or m nus
0.003 inches in the registration of the ci r'c%i'try plating wll produce a
coupling variation of up to plus or mnus 3 dB. For the foregoing 35
reasons, there is a,need for an inproyed offset .transnj ssi -2 -» line
coupl er that provi d@&em%ﬁmgg’ﬂx%?ﬂéﬂma “&%ﬁwgn@ﬁr smal |
variations in regi Shé@?llii over wafill vhriationssini Ristrationcheatinaennthe 5
Brief Description of_the aw ?iﬂls Fiﬁ%gbé} Is a block diagram of RF
transmitter circuit WSSWH- eR antageously utilize the present
invention. FIG 2 is a block diagramof a cellular tel ephone 200 10
including RF tragsmtter circuigauf Hideristion of ihe Dra®isdd €d circuit
di agram of anplitfier 103 and power - ry 109 1n FIG 1. FIG 4°
is a section of a circuit board of the transmtter circuitry in FIG 1,
showi ng transni ssi on | i nFIERUPisal blddk dibigram of RF! ffankmiitter dimmittyew of the
P faver 321 of thGof] i iy advaftagedsly ufilite the prasdhy thviefel O ™"
FIG. 2 is a block diagram of a cellular telephone 200
10 including RF transmitter circuitry 100.
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.
15 FIG. 5 is a top view of the top layer 321 of the circuit
board section in FIG. 4, showing an embodime'_nt of
transmission lines 201 and 202 of transmission line coupler

115.

FIG. 6 is a top view of the top layer 321 of the circuit
20 Dboard section in FIG. 4, showing the preférred embodiment of
transmission lines 201 and 202 of transmission 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 embodiment of
25 transmission lines 201 and 202 of transmission line coupler
115.

0 Briefly described, the present invention encompasses RF
-signal coupler circuitry for detecting an RF signal generated
by a signal source and producing an RF detect signal. The RF
signal coupler circuitry comprises a substrate having top and
bottom surfaces and a predetermined dielectric constant; a

3 first transmission line having a predetermined shape and
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transm ssion lines 201 and 202 of transm ssion line coupler 115 FIG 6 is
a top view of the top layer 321 of the circuit 20 board section in FIG 4,
. showi ng the preferred enbodi nent of transm ssion |ines 201 and 202 of
transm ssion line coupler 115. FIG 7 is a_kop view of the top layer 321 of"
the circuit board section in FIG 4, show né an al ternate enbodi nent of 25
transm ssion lines 201 and 202 of transm ssion |ine coupler 115.

Description of the teu3face of d t he
present invention gg‘c‘%m %ggfﬁ g:legﬁs coup er c%dcb%?ﬁt?/ ﬁ& Wectl ng an

RF signal generat e&ra;;smlasmy\hne to ¢he R signal; apdrrseeand:t si gnal .
The RF signal ‘coupkgingihisait o eﬂ%%hé%&ﬁoh@fsﬁrfk%éldf@hbop and bot t om
surfaces and a prede erm ne | C_consta ﬁ St tf:a sm ssi on
line having a pred&1BptraERdE rﬁgansmlgslogg% #eiF t op

surface of the 5ubahﬂaéaonﬂfpbrtiohstelemtmallymapbeﬂm thie fn-st he RF

The eubstrate, ¢ ho ERRipelgm Ao Tot dBeFs g EY RE ddierd) ?Pﬁ?“‘% %2 na

" second portions el amamphguéelrebteqméhglamph’mddﬁ#herw signal, t
first portion being offset a first predetermined distance to one
side of the first transmission line, the second portion being

10 offset a second predetermined distance to the other side of the
first transmission line, the amount of coupling between the
first portion and the first transmission line being substantially
the same as the amount of coupling between the second
portion and the first transmission line, and the second

15 transmission line further having a third portion intercoupling

| the first and second portions.

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

20 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,

25. 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
Motorola C & E Parts, 1313 East Algonquin Road,

30 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 Telephone USER’S MANUAL," published by
and available from Motorola C & E Parts, 1813 East Algonqum :

35 Road, Schaumburg, Illinois 60196.
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transmission line for generating the RF detect signal having an anplitude
‘related to the anplitude of the RF signal, the first portion being offset a
‘first predeterm ned distance to one side of the first transm ssion |ine,
the second portion being 10 offset a second predeterm ned distance to the
othei side of the first transnission line, t4e amount of coupling between
the first portion and the first transmssion line being substantially the

sanme as the amount of co i ng betvveenth tjon.and the first
transmission |ine, and t e Seansmitier c ﬁ%&é@llﬁﬁ nie“?‘i}}‘aﬁ%r havi ng a
}:PICE\rdlpO:LI on i ntelrlemutaldedgaﬂxbnﬁérs 301 5102, b 103 poupled by dﬁei:aontaltwg to
ere is illustyra q er
circuitry 100, whi cﬁowtaligaq'ﬂ‘gﬁ%&ﬂ§%g %WZ gﬁ%ﬁgﬂl ?/éepntlon RF
transmtter 20 cwcxrchxtyy]loomgeﬁmrtwnhmmrmepum lebhandmemen MG 2,
whi ch al so i ncl ugles .t ts %ﬁ ry 151
coupled to a m (L:Jgriop one Igfna?m%'e le%égentga?hahk%g 4 Hd of which
are controlled by nﬂm&hqmﬂer Mm&ml Jfﬁysme@n n&s of any _
conventional cellul sﬂx&ﬁi&ﬂ‘ﬁne?ﬁmﬁma&u pléF a8 dusetibedt he cel l ul ar

58PS 1060EA0, ent 11 BEFOIBhRIZR AR 1S cpupieq o oser desrkfecuey R, "
Transceiver," publi shﬁdh brodﬁebsaywénaé'eect signaltl 3%, oMicfoodniputertldl is313
Foat ures of - sucib coRitpelVE R POpRE fatest slila) L1 88 acdlufhudBEha. | 0" 200, ¢
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
implemented as shown and described in US patent no.

15 4,528,155, 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

20 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,

%5 'in.corporated 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
diagram of final amplifier 103 and power detect circuitry 109

30 in FIG. 1. Amplifier 103 is preferably a field effect transistor

(OKI1 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

match of amplifier 103 consists of two low pass sections and

&  harmonic matching for the second and third harmonics. The
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manual nunber 68P81116E58, entitled "DYNATAC 6800XL Cel |l ul ar Mbile

~ Tel ephone USER S MANUAL, " published by and available from Mtorola C & E

. Parts, 1313 East Al gonquin 35 Road, Schaunburg, Illinois 60196. -4- RF
~transmitter circuitry 100 in FIG 1 includes cascaded anplifiers 101, 102,
- and 103 coupl ed by directional coupler 1157&nd filter 105 to antenna 107.
RF transmtter circuitry 100 together with m croconputer 111 and receiver

poard. Directi onal RGpHF FBURRE s ittt by (PUGm Bt Tohe 20411

board. Directional ) y a nsmssion |
~directional coupl erand capacitor248.hdransmission line205and cppagiter, 248 er

detect circultry 1G5rovidd e @ PHEBTIIRENBEctith, 2id Eraiidilisdih 1Ak 200compUL er

- 111 is 10 responsive_to power t ect, ,si gnal for adiusting the

. 3
magni tude of gain cffl Fapacitor 247 provide F&&hﬁ’éf.‘{‘ﬁé’aa% tex P r level of
transmtter output PrgHythissida 1i68i201d81Hlse cowpleddo fildér 165 cwhidteis irp dri ver

CLTCULTY 113 (U0 Gl e B B Bl tte 340M, 858 gREEhhd 107, P o

vol tage/ current drive tcAecurdirg to aifvel feature of direttiopa) cauplest11ise

arpl 1 el on 92l B iilod RO o e b &AP P d G o

- match of amplifier 103. Since coupler 115 is embedded in the

10 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 connected to inductor

15 212) 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 ports. When ideally

20 terminated by fifty ohm 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 through-path transmission

25 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
output signal 123 occur. .

30 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
capacitor 247. The first reflected transmitter output signal 123

35 travels back and a portion is reflected back by capacitor 245.
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ei ght possible power levels in response to control nessage 20 fromthe
cel lul ar base stations (see US patent no. 4,523,155). In digital cellular
t el ephones, transmtter output signal 123 may be set at one of eight

i possi bl e power |evels during an assigned ti slot in response to control
message fromthe cellular base stations (se€ US patent no. 5,192,223, 25
~incorporated herein by reference). Both anal og and digital cellular

5 There ts 11 st o BARRULM pinfich b LERA ettt bim B e, 0 110
and power detect cisignalt123 mtmbedtmthve@unlequﬂmpeuplgd@atb preferably a

fiel'd effect transig gggﬁn hylgezdﬁsl: d:nEa?ﬁi“ﬁ' féﬂd M@qﬁt{;&
anplified TX si gnal

ca a0| an ran quz
generates the tran&%tpﬂbmé COMPEMS| i fi er
- 103 consi sts of st “@dthWrﬂﬁ&ﬁxS‘s%ﬁ lmaszmdnaﬁram hﬁék%oﬁhé@bupbﬁpdirtt he

Cranomi o5 on 11 ne 36 50UR(ea:pAt trapsipsgion ing 020 Aterdife 66 flhdc” *
capaci tor 245 provifestureaf|direqghionml coupler Xi; if the pm]mrtlsm-:mrbn line
Toan S SEERE 1L SRRl BESAoRA Srefe?,
coupl ed by two capa@thdransmissien fine 202 the portion of first refl
10 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
15 inductor 210 (15 nH) and resistor 222 (39 ochms) 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 in the output match of amplifier 103,
2 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
25 nH) and the resistance of diode 206 to the coupled port of
coupled-path transmission line 202.
Transmission line 201 prov1des a through—path for
transmitter output signal 123. Coupled-path transmission
line 202 is electromagnetically coupled to transmission line 201
30 for generating an RF detect signal having an amplitude
" related to the amplitude of transmitter output signal 123. The
RF detect signal from transmission line 202 is coupled by
inductors 212 and 211 to diode 206, which together with
*  capacitor 231 half-wave rectifies it to generate a DC voltage
3% proportional thereto that is stored on capacitor 231.
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According to a novel feature of directional coupler 115, transm ssion |lines
201 and 202 are enbedded in the output match of anplifier 103. Since
coupl er 115 i's enbedded in the 10 output match of anplifier 103, the
conpl ex i npedances at the coupled port and jts isolated port of

coupl ed-path transm ssion line 202 (end conhected to inductor 210) need to
be carefully selected such that the signal appearing at the coupled port of

coupl ed-path transm ssi ldhRe 202 nd connect ed ton4 Nd 212)

i ncl udes signals travel ?ﬁﬁ %ﬁlwmqmﬁaﬂﬁre%# %n&&i’g&%iégs not

i ncl ude si gnal s t r resitions 282-235and capavitori236cto providenpower detect nal

directional coupl egs t = r DHg | |

coupl ed-path trans;%slsal1 gﬁ; ?@%ﬁ%ﬁ'@ﬂ%?@n@iﬁ?@?ﬁ%ﬁa{ﬁ%ﬂgﬁ}s at all

ports. Wen ideal | sroEpvVOoRagen WM&PW‘HX Hrﬁeﬁlﬁﬁ‘é@a?%?e , 2;?0?-? on of

e, and o s1onal e B G B L S o B e ey e h

transmission I i ne.mlif‘@g?mréf%?égigi ﬁggsq Q?ﬁ@“&l’—ﬁg Wregg%b?ygp ce the

BOt P ??rtshOf ot hedemﬂiodesfhavingsubstn'tnubalﬁthéimmaehctd_eal ly tle_r m nggid
y fifty ohminpe : el 1S - ssion line

of enbedded coupl e@%@%é/’ 4u5ga#§%fmgé%%ﬁﬁWead coupl ed

bet ween capaci t or SMMBRiFH0TAdiodes. liode 207 |temperatunefcompensates er out put

signal 123 occyy.  dfbde 206 sd thet Powe detdct signaPEa1 AbedRot visy Witk ransm tter

out put signal 123 I s coupled to the coup esd port of coupl ed-path
transm ssion |ine changes Hh dempesatwe: put si gnal 123 travel s

According to a novel feature of power detect circuitry

109, an impedance implemented as inductor 211 (22 nH) is
coupled to diode 206 for matching the inherent diode resistance

15 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
impedahce may also be implemented by corresponding
capacitive circuitry. The matching impedance maximizes

2 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
is more sensitive, less signal is needed for detection and a

2 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
savings of approximately 8 mA, thereby substantially

30 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
100 is implemented on a multi-layer circuit board or substrate

35 having three substrate layers, 321, 322 and 328, which, in the
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down transm ssion line 201 and a portion is reflected back by capacitor
247. The first reflected transmtter output signal 123 35 travels back and
a-portion is reflected back.by capacitor 245. 6 An undesired portion of
second reflected transmtter output signal 123 is coupled to t he coupled
port of coupl ed-path transmission |ine 202-8A portion of first reflected
transmtter output signal 123 is also coupled to the isolated port of

coupl ed- 5 path transmp ssi on I| ne 202 and travels K t oupl ed port

of coupl ed- pat h trelﬂ?gﬁ1 mentp are comnrised ?ftojﬁg cﬁi\,ﬂ"gf"éﬁture of

?' recti ?nal tﬁoupl elrmtéﬂéiaallli?ﬁh Qdmlédtgic%ﬂn?ﬁﬁbmswm Eubsﬂﬁgﬁigncfh

erm nat es e isola ort o upl e a nsmi n e e

portion of first r SRR g"tﬁ'@dmf@alf? faR¥ P ero?}{liﬁtf ﬁﬁﬂgﬁgcﬁﬁ % avel s

back to the coupl ecexpmpleyvalumumahlrmd,eandtquae& p&:ayeande

reflected transgit | o) conpl ex
He fEFwatd Bl B b tréiifniskion Lhe 201 eoafrided b RIREIVE

| npedance inclu an | ma%l naré1 'S 1 npl enent ed
{

in the preferred esdaterialplated om its topsudace 301, and eeppleddpathsi st or 222
(39 ohns) coupl ed itpaéhisiior fine'02 eonprivddUT donductivehaterial ﬁlated

| ipedance 10 cancelOnite BEMIz SuEEH G03- o@ﬁa cHiranfoCplabis et o) o
115 may be enbeddednay berinclmledmmuthermm of thepop bndrbotfein surfaces
10 301 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
other circuitry plating (not shown) on its bottom surface 304.
15 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
top layer 321 of the circuit board section in FIG. 4, showing an
20 embodiment of transmission lines 201 and 202 of transmission
line coupler 115. According to a novel feature of the present
invention, transmission line 202 is formed in a serpentine-like
manner such that portions 341, 342 and portions 343, 344 are
on opposite sides of transmission line 201 when viewed from
25 thetop, 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
attenuation of transmitter output signal 123 and
30 corresponding unnecessary current drain from the battery.
By utilizing the transmission line coupler 115 of the present
invention, 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 thereby resulting in substantial savings in both circuit board space
.and the nunmber of conponents. The proper coupl ed- port conpl ex inpedance
‘further enhances the desire cancellation, and is inplenented in the
preferred enbodi nent by inductor 212 (5 nH) coupled in series with inductor -
211 (22 25 nH and the resistance of diode®906 to the coupled port of
coupl ed-path transm ssion |line 202. Transm ssion |ine 201 provides a
through-path for transmtter output signal 123. Coupled-path transm ssion
line 202 is el ect r onagneTheamount of electromagnetiecaupling hetween: 30 for

gfener ating an RF deﬁﬂﬁhnﬁbﬂﬂﬁ'hﬁ@ﬁ?_ﬁ%ﬂ‘tﬁﬁi&hlbﬂéﬁ liﬁé 202ds tdepefideatp! i t ude
Pl ne 5021 5 coupl el RREREF S Tastors. melading themIAE obsERFm It got hor
with capacitor 231 liné 202ptice tmeknéssaeflayer ezgﬁandahe distafice glortigns 35 .
Ctored on capac it or P4l E9k2 SAgHnd 664 % RPEIDE. 500 barallel tptiEe &% - F
to pr ov: ?2 go¥\/re(r)mdv eofctransinission lipe. 201esPsttmn82M [, 6148(%152@4’ %égézztzeaﬁd
gl ??\d\ljgt or g210 to t?gltggrgn%s%w #Egh W?glt%ﬁ cide ég%%w a i nductors
212 and 211. Di odesaB®arepifsetfrom éhwém gbtzangmission line
substantially the same amount. The length of portions 341 and
10 842 taken together is substantially the same as the length of
portions 343 and 844 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
15 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
20 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
25 other configurations and shapes of transmission line 202 are
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
30 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 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-
35 shaped transmission line 201, and portions 643 and 644 that-



carrier diodes having substantially the same electrical characteristics,
such as, for exanple, Mtorola type MVBD/70T1 di odes. Di ode 207 tenperature
‘conrpensates 10 .diode 206 so that power detect signal 131 does not vary
with changes in tenperature. According to a povel feature of. power detect
circuitry 109, an inpedance inplemented as Jitfductor 211 (22 nH) is coupl ed
to diode 206 for nmatching the inherent diode resistance 15 and capacitance

by s mich a5 Sbfyaﬁn“a“f%%heﬁ%o%féﬁ%ﬂ@neﬁ@@ﬁ%ﬁiﬁ%%% bi] the

mat chi ng i npedance Mahs64b;3642nﬁ4ﬂmd644m'eepa approxima paﬂ;ﬁ)(Mve

circuitry. The matc W’ﬂﬁ | ode 206
and is preferably og'{'u m z erapl on a?B?‘h hf’)toe\%g;q eve?q“%

pover |evels bel ow aubsf@@éxallmthﬁamnée@s‘th,mdepgmo Ievel s)
where sensit vnt§ | SubBéintiaTROteaime Tefigth, PP fosklleq gortions 00 i s
nore sensitive, les

Wih 20 dB of coupt PG 45 apd elikend %é@i’% 18 apnapcia &ﬁﬁ C%S'eﬁr i
detector circuits wItheasuplingusiovided By pﬁﬂ\ioh&uhéﬁubstdntﬁll;daqmﬁlmoupl i ng
Corfent drain savi 'nﬁg SPaRRY oRPRiGRH Y éeplor e, o thE BBBlPR DI
ext endi ng the bat t eby poxtient643:is sabstantially equal © thﬂ coupding ]Pl!ﬂvilded,ub!r at ed
a section of a ¢4rcphitiiwald. Portifs 54 R aRA6445Provideral febit 39dB oF FI G 1,
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
15 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.
20 ‘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
25 electromagnetically couple to transmission line 201. Portions
741 and 742 are substantially the same length, and the
coupling provided by portlons 741 and 742 is substantially
equal.
In summary, a unique transmission line coupler 115
30 includes forward-path transmission line 201 and a coupled-
path transmission line 202 electromagnetically coupled thereto
by multiple portions, such as portions 641, 642, 643 and 644 in
FIG. 6, which are disposed on opposite sides of transmission
line 201 for enhancing coupling sensitivity and eliminating
35 degradation in the amount of coupling due to variations in the

D




showi ng transm ssion |line coupler 115. Transmtter circuitry 100 is

i npl emented on a nulti-layer circuit board or substrate 35 having three
substrate | ayers, 321, 322 and 323, which, in t he preferred enbodi nent,
are conprised of FR-4 fiberglass materi al ﬂ)ng a dielectric constant of
4.66. The substrate material may also be any*dther suitable material, such
as, for exanple, alumna, duroid, and quartz Layer 321 includes 5
forward-path transm,sion.l | ne 201 f; i.sed, of,. congwctl ve terial plated
on its top surface §5§n % 2 conprised of
conductive materi al tphnsmabmmﬂtnetmmlmﬂiﬁrdmmtﬂlﬁdeﬂcbsthellowmawgr

pl ati ng (not shown) bott om
surfaces 10 301 an % ayer g’i?{l#{]ﬁgng?rﬁgﬁi ﬁfxgtggl‘ridh’ﬂﬁgéggeszz is an
intermedi ate | ayer tba&tenyo@srrnut WS@W Jor mgintainingeachap @WeBZB has
ground plating og 'tlévémtsuﬁéﬁmeﬁeét wm@tl%x%ﬁ ‘hﬁéﬁdﬁﬁ tery
transm ssion |ines 2 gﬁn ha er Ci E}CUI A ré @latl n (not shown)
on its bottom surfa é. 3n q_eil[}].&@.g EE 399399 casigng, thenayely with t he
correspondi ng ci fCUlt?ﬁﬂsmmélmmﬁlﬁOhd\m be5 of'thea: ﬂﬁﬂrehltilﬁleﬁﬁﬁ&véé

ot her suitable proce S to fo Clreui Baﬁ nﬁgtodaéﬁ t here
i's |IIustratedatop§ai %Bﬁﬁ’ﬁfg 1, Lﬁot section
in FIG 4, showi ng zfreqmancgrhanﬂmhanfm&ﬂmﬂossloﬁrledsthm 045 dBd 202 of
transm ssion 10



| i ne coupler 115. Accordin a novel feature of the presen
transm ssi on Iu mlﬂ)“lu Uiﬁmaserpentine-like nmannpe
portions 341, 3

t

43, 344 are on opposite sida
line 201 when viewed T ron125 the top, as in FIG 5. Trans ==t
coupler 115 is preferably sensitive enougl2t-o detect IOM/L“'—_—ﬂTEVeIs of
transmtter output signal 123, and also relatively low|loss to avoid

unnecessary attenuation of transmtter t put signal 123 and 30
correspondi ng unnecessary current drai nﬁiﬂbﬁﬂt he battery. By utili Zi ng the
transm ssion |line coupler 115 of the present invention, electromagnetic

coupling of 20 dB may he achyj I n the o nmtiz freaqiency band
with an insertion | oss bf | ueney (%g mgnagco grgmmry%r

el ect romagneti ¢ cdetsctimg erzEsrgnaiegmeratad)hyhlslgnaDéom andinsni ssi on

line 202 is dep o] w dt h of
transm ssion |1 neH%“‘qﬂﬁ%’{ﬁq’hﬁ%ﬁg sg@fzflaﬁﬁ.td gﬁé&gﬁg%{)ﬁgﬁe i stance
portions 5 341, 3@!091¢3Ya¢ﬂ§n9m1%8-e offset from and parallel to the edges

of transmission Iine 201, Paigib@ftd thvidg tdd Andbbtid sdHiitds ai have a
wi dth | ess thanth dth of traﬁsm.ssm |ne 201, and are offset fromthe

~edges of transm sg ryineg, diglectric cons
a first transmission lme having a predetermined

10 shape and being disposed on the top surface of the substrate,

the first transmission line coupled to the RF signal; and
a second transmission line disposed on the bottom

surface of the substrate, the second transmission line having
at least first and second portions electromagnetically coupled

15 to the first transmission line for generating the RF detect
signal having an amplitude related to the amplitude of the RF
signal, the first portion being offset a first predetefmined
distance to one side of the first transmission line, the second
portion being offset a second predetermined distance to the

20 other side of the first transmission line, the amount of
coupling between the first portion and the first transmission
line being substantially the same as the amount of coupling
between the second portion and the first transmission line,
and the second transmission line further having a third

25 portion intercoupling the first and second portions.

2. The RF signal coupler circuitry according to
claim 1, wherein the first transmission line has a
predetermined width, and the first and second portions of the
30 second transmission line have a width less than the
predetermined width of the first transmission line.

3. The RF signal coupler circuitry according to
claim 1, wherein the second transmission line includes a
3 fourth portion being offset the first predetermined distance to -

is Sheet Has Been Replaced
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substantial ly the—s&ﬁ%—aﬂ‘btmt——‘lche—l ength of portions 341 and 10 342 taken

together is subs as the length of portions 343 and
- taken toget her. [I ‘Ih!“ﬂ@ ded by portions 341 andr34? "

t oget her i s subst 0 the coupling provided | ‘

and 344 taken together. El ectromagnetlc cagl i ng between fransm Sstan—i e

201 and 15 transmission line 202 is at a nmaximum bet ween transni ssion |ine
201 and portions 341,342,343 and 344, and is mninmal between transm ssion
line 201 and the panbenelisuid efthn)ﬁrsmtmnsnnsmbndmmd:he amenntiofsi on |ine

201, As a fesull, Sdilho taihabh GRS o WA fekP bALLAD ahA Bk

circuitry platlng p sSurrace circurtry platlng on the
bott om surface 30tragsmiggion line heingsubgtantielly the same 8s dbeasneyntt i c

coupling between pf 'b@f‘wééﬁ‘%h@@éc&f&i bmahamrﬁ}stne 202, since
coupling for portions 41 342 incr en upI| for ns 343, 343
decrease, and ¥i cEransmissiqn, 92311%0&?'9 e@&ﬂ’ﬁ? H&b"é's of
transm ssion |i neha®ihgedifthgsorbioa mtei-cmimegsﬁw mfohd amlrfemhcul ar, and
el liptical conflgurgépgW as well as the configurations in FIG 6 and FI G

7 described herei R® Referring to FIG 6, there is illustrated a top
view of the 30 top layer 321 of the circuit board section in FIG 4,

showi ng the preferred g nbodrlw?eng ghgp ) £ 202 of
transm ssion |ine cqupler ran E&Hkl%?l ne 1?‘3::5% al@aped and

transmi ssion 19 neclaam l,whegein the ﬁFﬁanﬁlﬂP gf, ghe seconl transmission
el ectromagneti cal linedsaitite h@mrenengﬂi aklthle s¥coRrd portion.

5. The RF signal coupler circuitry according to
claim 1, wherein the first predetermined distance is
15 substantially equal to the second predetermined distance.

6. The RF signal coupler circuitry according to
claim 1, wherein the bottom surface of the substrate is bonded
to a top surface of a second substrate, and the second substrate

20  has a bottom surface covered with a conductive coating.

This Spe,
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35 shaped tra I'SSi on I|ne and portions 643 and 644 that 10
couple to the m g R '!\iped transm ssion |ine ZEFE—Pert+ors—64t =
642, 643 and 644 \“\

i mately 0.004 inches f flofirtSr ST Y48 GFEN
line 201. Portiong 641 &nd 642 are substan |aIIy ‘the samg | engPRPLARED.
portions 643 and 644 are 5 substantially” $2 same | engt h.—The total Téngth
of portions 641, 642, 643 and 644 taken together is approxinately 0.4

i nches. The coupling provid b riion 64 subst ual to the
coupling provided by po tloﬁl"fl%‘?azlsﬂlé2 Hpg fEcy %frvp Lﬁﬂé %?fﬁgortlon 643
::S tsubst agzial I é direqiiency (RE) slgmlll pmﬂum'lng dagrammlptnrtom:p%:M o1
ortions an 0 ﬂan i ons

and 643 provide at Zié‘el ?ybg&ﬁet# eqzﬁ%g,&' %Vég’r ce e 9t1ﬁ ghetic _
coupling of at |easatcm®rsdsompmm&25 mHz to 925 n1—lz frequency band with an
insertion | ossgof |ess than Qsi%g%oulraetf& geﬁemﬁgmné RI"sigdal; 6, small 15

Sorface 301 and ai f ool try- pl 4R eRupLler FouBled toihe Mtabma dRel o, (01
may occur in both éﬂ"@a&aiﬁfboﬁtﬁblrﬂgﬁabfdi' amplifyingdaoa adirteble \gainlthecoupl i ng
pet yoon'taner st ok el GBS iy sty 10 1|
circuit board secthherwamalﬁlle@am beingwelaged 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 first transmission line having a
predetermined shape and being disposed on the top surface of
the substrate, the first transmission line coupled to the .
20 transmitter output signal; and
A a second transmission line disposed on the
bottom surface of the substrate, the second transmission line
having at least first and second portions electromagnetically
coupled to the first transmission line for generating the RF
25 detect signal having an amplitude related to the amplitude of
the transmitter output signal, the first portion being offset a
first predetermined distance to one side of the first
transmission line, the second portion being offset a second
predetermined distance to the other side of the first
30 transmission line, the amount of coupling between the first
portion and the first transmission line being substantially the
same as the amount of coupling between the second portion
and the first transmission line, and the second transmission
line further having at least one additional portion
&% intercoupling the first and second portions; and

/
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alternate nt of tran’sm SSi nTIIIIBrE%EE%Q-'IA PE
el

coupl er ne 202{|i ncl udesL REER
tthat are par 5 el ect | e tB’“Pr
4

i ne 201. Portlons 1 and 742 are substag |aIIy the samd e+
coupling prOVIded by portions 741 and 7429"s substantially equal. In
sumary, a unique transmssion |ine coupler 115 30 includes forward-path

t I 201 d I d-..path t I 202

Gl ot omagneti car 1y coupl cAoRNEr Erguist Fitubledto B R HReOERBRRL: porti ons

641, 642, 643 anﬂ:rﬁdﬁustmﬁltﬁeﬁagnﬁtudeafrﬁmjgmmmrdrmgpabmte si des of

transm ssion lin aaﬂﬂmh heﬁ%ﬁ hh'&%ﬁﬁr&' %He I'é(de%fxﬁ%étfn nati ng 35
oup

degradation in t anoun vari a s I'n
transm ssion |i npoweatlevsj regi st rat | on As a result, transm ssion |ine
coupler 115 gpcurately detects the | ow power levels of transmtter output

signal 123, and mini zes e battery.current, drain pecessary for
mai nt ai ni ng each powef {l‘gygraggmtl %Hm&ﬁcﬂﬂé&nﬁ %3\3{11‘2& t her eby
ext endi ng bat It er whieéin théfﬁ:fsﬂ m]:aiﬁrxlxhisbﬁn hﬁédiﬂmﬂq:ﬁﬂébémﬂ'hiedns t he novel
transm ssion |ing,goup the $ i gn_achi e
el ectromagnetic 6‘3‘3\ %P?B‘I gﬁ%mfﬁé gggnﬂ%u?gl 3%?mo$ﬁi%uency band
Wi th an inserti osecondstransinission line bavé a0®idth less than the

10 predetermined width of the first transmission line.

9. The transmitting circuitry according to claim 7,
wherein the first and second portions of the second
transmission line together have the same composite length as

15  the third and fourth portions together.

10. The transmitting circuitry according to claim 7,
wherein the first predetermined distance is substantially
equal to the second predetermined distance.’

.'\
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10 12 dains 1. Radi o frequency (RF) signal coupler circuitry for
.detecting an RF signal generated by a signal source and producing an RF
det ect signal, said 5 RF signal coupler circuitry conprising: a substrate
havi ng top and. bottom surfaces .and a predﬁ rmned dielectric constant; a

first transmission |ine having a predeternthed shape and bei ng di sposed on

the top surface of the substrate, the first transmssion line 10 coupled
to the RF signal; the‘fire}ﬂﬁg ) SR ' ftgnfﬁ UPIgsgt er m ned wi dt h;
and a second transm ssjon ineﬁgiﬁﬁésl eig %érlsgﬁe oﬁ&%ur% f the
substrate, the second FORBARIY QUENGY SIGN. PLIFEERYNG second

portions el ectromagnetically coupled to the first transmssion line for 15
generating the RF detect signal having an anplitude related to the

anplitude of the RF signal, the f!i] r gt Eng ﬁeﬁg.na Eort ions of the second
transm ssion | Pne having a w dth erm ned width of the
first transmssion line, the first portion being offset a first
Becond port 1 on bel ng. odut offfp BefprlesionCling Ehhplertiam g &7 0° '
other side of the transmittenautputssignal (123) generated by anfRE signalng bet ween
the first portion ﬁﬁﬁliﬁ@?(iﬁéﬁﬁfnclﬁ&éksgith%ﬁﬁhlﬂdiﬁ trahBmissibalaRd i al |y the
sane as the anpunt Q] .. ]
. 10 (28.[) and a 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
15 eliminating degradation 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
20 the through-path transmission line (201). The offset portions
(641, 642, 648, 644) are offset substantially the same distance
from the through-path transmission line (201), and the total
length of the offset portions (641, 644) on one side are equal to
the total length of the offset portions (642, 643) on the other side
25 of the through-path transmission line (201).




»

coupling bet ween the second portion and the first transm ssion |line, and
the second transm ssion line further having a third portion intercoupling

the first 25 and second portions. 2. The RF signal coupler circuitry
according to claim1, wherein the first portion of the second transm.ssion .
line has the sane length as the second portion 30 3. The RF signal coupl e

circuitry according to claim1l, wherein tl*fn/lgst predeterm ned di stance is
substantially equal to the second predeter ed di stance. 35 4,

The RF signal coupler circuitry according to claim1, wherein the bottom
surface of the substrate is bonded to a top surface of a second 13

substr at e, and on ubstrat e has ottonlsurface cov
conductive coav ﬂg"ﬁgﬁ q dio f guency 'gF) Si coupl e

detecting an RFéi Si ner by a fFingnal r i g an{RF
det ect signal FHA S|g apl I | JPy co -~ :

havi ng top and botton1surf ces an¥l]a deterggi’ne

first transmission |id avi ng a priedet’erm ned shfpe gnd bei ng

~di sposed on the top surfa t e Jsubstrate, t | transm ssion |ine
coupl ed to the RF si ﬁgg? traﬁ%n155|o IPOWERhi ng a

predet ernm ned. ITRY DETECT
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wi dth; and a second transm ssion |ine disposed on the bottom surface of the
‘substrate, the second transm ssion |line having at |east first, second,
‘third 15 and fourth portions electromagnetically coupled to the first
transm ssion line for generating the RF detect signal having an anplitude
related to the anplitude of the RF signal, the first, second, third and
fourth portions of the second transnissiggu#ﬁége having a wdth | ess than
the predetermned width of the first transfrission line, the first and
second portions ing offset a first 20 predet erm ned di stance to one
side of the firsg?tr m ssion line, the third and fourth portions being

of fset a second P EIE s
transmnission lin tPgP a

i ned di stance to the other side of the first
nt of coupling between the first and second
portions and the<tirst tr m ssion |line being substantially the same as
t he amount of coupling beteen the third and fourth portions and 25 the
first transm ssion line, and the second transm ssi line further having
additional portions inteycqupling the first, secon third and fourth
portions. 6. The RF s?gn coupler circuitry according to claimb5,
wherein the first and s portions of the seco transm ssion |ine
t oget her have the 30 sa conposite length as th hird and fourth
portions together. 7. Thd RF signal coupler cirduiggry according to claim
5, wherein the first predetierm ned distance is suhstantially equal to the
second predeternined dista I RF si gsﬁ‘ coupler circuitry

om surface of the substrate is bonded
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L - .
14-substrate, and the second substrate has a bottom surface covered with a
conductive coating. 9. Transmtting circuitry for anplifying a radio
frequency (RF) 5 signal and producing a transmitter output signal at a
predeterm ned power level, said transmitting circuitry conprising: a signal
source for generating the .RF signal; an anplifier coupled to the =~
I nformati on-signal and a gain control si&njgor anplifying by a variable
gain the information signal to produce t 1 transmtter output signal,

the variable gain being related to the nggsjtude OFh Ln coptrol

. . . . . . ’/7/7 ‘ . .

signal; a transmssion |line cgler coupz#Z2s, t he npz-@r. generating
' Q the anplitude of the

an RF detect signal havingign anp de- el atel
transmtter output signa}so saNd_+G=RE] ssi on | Tne
conprising; 15 a B -

predeterm ned di-el ectrjc e
predet er ni ned shape a LTT
the first transm ssiﬁg i f
first transm ssion IiJie

e substrate,
i gnal, the

transm ssion |ine dispQse 7 t he
second transm ssion |ine Ra ™8 S 2] A ecorl portions
el ectromagnetically coupl €4 | ’; ik . line for generating

the RF detect signal havi ng\g DX ordtt [Nt anpl i t ude of

the transmtter out put si gnal |
FIG.6
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the second transm-ssien—time having a width less than the

dt h of theflrst ion line, the first portion be
first prede ﬂto one side of the first tran!
t he second set a second Réedet erm ned dis

ot her side o e 30 first transm ssion” t he anmount
bet ween the flrst portion and the first transm ssion |ine
substantially the same as the anmount of élng bet ween t second portion
and the first transm ssion line, and the—second transm ssi +rre—furTher
having at | east one additional portion intercoupling the first and second

P L G T eSSBS OO GRS S Gletat e
transmtter %&Pﬁﬁsee%ﬁa Xt $150 P‘g‘t‘%’f’@r‘}d] H@ﬂ{“ﬁ IP@%/ gptect signalgaid The
transmitth ngREmgnaloqupé&C@fchmgréom ptiging:9, wherein the fir st port | on of
11 “Thetr anam « PN Sease By hasgépﬂﬁyﬂiﬁﬁ 5 SHrEhefs and aBradeterhiiad (o
pr edet er m nedledlﬂe@rmuoastantsubst antially equal to the second pr edet er m ned
\?\/L]Zﬁ 2|nrc1€t he tom sur Fran?ﬁﬁip&i e sug %’ﬁ% gb?g&%t%%n@&fgﬁgf@gnhg)ﬁ#ggg gf a
second subst 3‘&9@89‘%&3 thp dop sustace piithe sabstnase, theifinst ctmmmtsaum loeer ed
with a 10 coupled to the RF signal; the first transmission line having a predetermined
width; and
a second transmission line disposed on the bottom surface of the
substrate, the second transmission line having at least first and second
portions electromagnetically coupled to the first transmission line for
15 generating the RF detect signal having an amplitude related to the
- amplitude of the RF signal, the first and second portions of the second
transmission line having a width less than the predetermined width of the
first transmission line, the first portion being offset a first predetermined
_distance to one side of the first transmission line, the second portion being
20 offset a second predetermined distance to the other side of the first
transmission line, the amount of coupling between the first portion and the
first transmission line being substantially the same as the amount of
coupling between the second portion and the first transmission line, and the
second transmission line further having a third portion intercoupling the first
256 and second portions.

R@M@mﬁl\“i SHEET

sTon 1 ne,

‘Eﬁué‘W*"”

2. The RF signal coupler circuitry according to claim 1, wherein the
first portion of the second transmission line has the same length as the

second portion
30
3. The RF signal couple circuitry according to claim 1, wherein the
first predetermined distance is substantially equal to the second
predetermined distance.
35 4. The RF signal coupler circuitry according to claim 1, wherein the

bottom surface of the substrate is bonded to a top surface of a second



conductive coemmmmim”mm "L . In a cellular tel ephone, |RE ’ﬁ@EMENTQSHEET

ciricuitry for o frequency (RF) signal and pr;{
transnmitter out’ pu stgntl st «a predeterm ned power |evel, sfid tran(ﬂ]#]ng
and a gain contjol_signal 20

circuitry conprising: a signal source foraﬁfneratl ng the RF|s gna4
for anplifying by a variable gain the information signal tofproduce the

of the gain contyo ransm ssi on he
anplifier forW’éﬁ@Pﬁg tiBg. RF detect signal having an anplitude related to
the anplitude of the 25 transmtter output signal, said transm ssion |line

coupl er further copprising: substr havi_ng top and bottom surfaces and
a predeternined di ect#ﬁg-“’c@ﬁ%‘t‘%ﬂﬁy W@Pﬁi%mw for detegtingan BF

pr edet er nﬁneoblghabgeMt&iBby\g glgaglosrttc® And ProdGeing i RFeddtbeti dignallRald at e,
the first traRFr& aﬁc ougledtothetransmtter out put $i gnal ,
the first transm SI on eﬁ‘e é’é‘i’ﬁ BBEt er i ned width; and a second
transmi ssion |ine dsubstrate havnigetopcambhmﬁumf sudacds diitba prbdéterininéd e

second transralgﬁgcgﬁclcbﬁ%a ving at |least first and second portions
el ectromagnetical 'y cou "to the first transmission line for 35

generating the RF % Brelcyragsgyisgion linerhpving apredeteianined:shapetand being
anpl i t ud@oof dibpodedosss thé t6y s@Ehes!bf thdSstratet the Hiebt 64 ﬁtsﬁﬁ%i é@%{at i ons

of the secong otu%fé}f o &he R s|1|g1r1]§l hﬁm first taranstQsmgilsnetlE?Vr}ng a predetermlrnrcre1 ned
width; and ]
a second transmission line disposed on the bottom surface of the

substrate, the second transmission line having at least first, second, third

15  and fourth portions electromagnetically coupled to the first transmission line
for generating the RF detect signal having an amplitude related to the
amplitude of the RF signal, the first, second, third and fourth portions of the
second transmission line having a width less than the predetermined width
of the first transmission line, the first and second portions being offset a first

20 predetermined distance to one side of the first transmission line, the third
and fourth portions being offset a second predetermined distance to the other
side of the first transmission line, the amount of coupling between the first
and second portions and the first transmission line being substantially the
same as the amount of coupling between the third and fourth portions and

25 the first transmission line, and the second transmission line further having
additional portions intercoupling the first, second, third and fourth portions.

anplifier coupled to the information sign
transmtter Oé*lilﬁi!{'er.t%' ﬁﬁﬂ'tpetsgﬁ?ﬂfﬁﬁﬁﬁﬁtegﬁ‘é ala.%g't A usﬁ%ﬁo% gﬁ%ﬁg{gbﬁﬁ“‘tﬁ;m Fude

6. The RF signal coupler circuitry according to claim 5, wherein the
first and second portions of the second transmission line together have the
380 same composite length as the third and fourth portions together.

7. The RF signal coupler circuitry according to claim 5, wherein the
first predetermined distance is substantially equal to the second
predetermined distance.

35

8. The RF signal coupler circuitry according to clalm 5, wherein the

bottom surface of the substrate is bonded to a top surface of a second



.16 width of the first transmssion line, the first portion t: é‘i&ﬁ G{T SHEET

first predeterm ' ne side of the first transnidsion I1ine,
t he second portllmmmm]mmuﬂlg second predeterm ned distgnde Lq {0y 1997
ot her side of the fifrst tPansnission Ilnﬁ,f t he anount of coupl [ ng between
the first portion and 5 the first trans %smn | i ne bei ng qubstamtratty

the sanme as the anobunt of coupli ng betvveen the second portlon and the first

{ransmi ssi Orkyighete?Rd tHE s3E5EY al_Teast

one addition portion intercoupli rst ang second portlons and
control ci r&detWSG%'@Bg-to t he RF det ect signal for adjusting the 10
magni t ude of the gain control signal to maintain the transmtter out put

signal at the pregeterni ned wer .|l ev and antenn | ed t
Cr o osi on || nedcoupTABTBIORE Aty of Ameiivei £ radiodfedhen Gy 15

14. Thebt r ssignal and producingta traasmitter logtpmt signabhatl 8 prefieteenined pofwerst
portion of tl@@eﬁ%ﬁﬂ&aﬁs “ﬂﬂl ﬁirgﬂith*] mm«} ;hpe sane length as the second

portion. ransmettli r y-according to claim 13, wherein the
20 first predeteaﬁigl?@d ngenera&mtlmﬁﬁ‘ealglya qual to the second

pr edet er m ned d' SAr B0 ghﬂ&cou §6 8 Mfbtnaion &if O:iﬂd @bﬁ&o‘l&éﬂaﬁ' m
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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 first transmission line having a predetermined shape and being
disposed on the top surface of the substrate, the first transmission line
coupled to the transmitter output signal, the first transmission line having a
20 predetermined width; and
a second transmission line disposed on the bottom surface of the
substrate, the second transmission line having at least first and second
portions electromagnetically coupled to the first transmission line for
generating the RF detect signal having an amplitude related to the
25 amphtude of the transmitter output signal, the first and second portions of
the second transmission line having a width less than the predetermined
width of the first transmission line, the first portion being offset a first
predetermined distance to one side of the first transmission line, the second
portion being offset a second predetermined distance to the other side of the
30 first transmission line, the amount of coupling between the first portion and
the first transmission line being substantially the same as the amount of
coupling between the second portion and the first transmission line, and the
second transmission line further having at least one additional portion
intercoupling the first and second portions; and
35 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.
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conductive coating.
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15 13. In acellular telephone, transmitting circuitry for amplifying a
radio frequency (RF) signal and producing a transmitter output signal at a
predetermined power level, said transmitting circuitry comprlsmg

a signal source for generating the RF signal;
an amplifier coupled to the information signal and a gain control signal

20 for amplifying by a variable gain the information signal to produce the
transmitter output signal, the variable gain being related to the magnitude of
the gain 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
25  transmitter output signal, said transmission line coupler further comprising:
a substrate having top and bottom surfaces and a predetermined
dielectric constant;
a first transmission line having a predetermined shape and being
disposed on the top surface of the substrate, the first transmission line

30 coupled to the transmitter output signal, the first transmission line having a
predetermined width; and |

a second transmission line disposed on the bottom surface of the
substrate the second transmission line having at least first and second
portions electromagnetically coupled to the first transmission line for

36 generating the RF detect signal having an amplitude related to the
amplitude of the transmitter output signal, the first and second portions of
the second transmission line having a width less than the predetermined
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Radio fr eque.nc¥] gﬁFﬂe gc{'e g& S(r)wg{‘ evei,taﬁ/d for detection an
an antenna coupled to transmission line coupler for radiating the
transmitter output signal.

15 14. The transmitting circuitry according to claim 13, wherein the
first portion of the second transmission line has the same length as the
second portion.

" 15.  The transmitting circuitry according to claim 13, wherein the
20 first predetermined distance is substantially equal to the second
predetermined distance.

16. The transmitting circuitry according to claim 13, wherein the
bottom surface of the substrate is bonded to a top surface of a second
25 substrate, and the second substrate has a bottom surface covered with a
conductive coating.

17. Radio frequency (RF) signal coupler circuitry for detecting an RF
signal generated by a signal source and producing an RF detect signal, said
30 RF signal coupler circuitry comprising:
a substrate having top and bottom surfaces and a predetermined
dielectric constant; _
a first transmission line having a predetermined shape and being
disposed on the top surface of the substrate, the first transmission line
35 coupled to the RF signal; and
a second transmission line dlsposed on the bottom surface of the
substrate, the second transmission line having at least first and second
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15 18, Radio frequency (RF) signél coupler circuitry for detecting an RF
signal generated by a signal source and producing an RF detect signal, said
RF signal coupler circuitry comprising; '

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

20 a first transmission line having a predetermined shape and being
disposed on the top surface of the substrate, the first transmission line
coupled to the RF signal; and - '

a second transmission line disposed on the bottom surface of the
- substrate, the second transmission line having at least first and second

25 portions each having first and second ends and being electromagnetically
coupled to the first transmission line for generating the RF detect signal
having an amplitude related to the amplitude of the RF signal, the first
portion being offset a first predetermined distance to one side of the first
transmission line, the second portion being offset a second predetermined

30 distance to the other side of the first transmission line, the amount of
coupling between the first portion and the first transmission line being
substantially the same as the amount of coupling between the second portion
and the first transmission line, and the second transmission line further
having a third portion intercoupling the first ends of the first and second

856 portions and a fourth portion intercoupling the second ends of the first and
second portions.
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19. Radio frequency (RF) signal coupler circuitry-fordetectiomr-anRE—'

signal generated by a signal source and producing an RF detect signal, said
RF signal coupler circuitry comprising:

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

a first transmission line having a predetermined shape and being
disposed on the top surface of the substrate, the first transmission line
coupled to the RF signal; and

a second transmission line disposed on the bottom surface of the
substrate, the second transmission line having at least first and second
portions electromagnetically coupled to the first transmission line for
generating the RF detect signal having an amplitude related to the
amplitude of the RF signal, the first portion being substantially parallel to
and offset a first predetermined distance to one side of the first transmission

line, the second portion being substantially parallel to and offset a second

predetermined distance to the other side of the first transmission line, the
amount of coupling between the first portion and the first transmission line
being substantially the same as the amount of coupling between the second

~ portion and the first transmission line, and the second transmission line

further having a third portion being substantially perpendicular to the first
transmission line and intercoupling the first and second portions.

20. The RF signal coupler circuitry according to claim 19, wherein
the first portion of the second transmission line has the same length as the
second portion. '

21. The RF signal coupler circuitry according to claim 19, wherein
the first predetermined distance is substantially equal to the second
predetermined distance.

22. The RF signal coupler circuitry according to claim 19, wherein
the bottom surface of the substrate is bonded to a top surface of a second

- substrate, and the second substrate has a bottom surface covered with a

conductive coating.




