WO 02/ 01734 PCT/US01/ 17754 -1 Description WRELESS TRANSCElI VER W TH
SUBTRACTI VE FI LTER COVPENSATI NG BOTH TRANSM T AND RECEI VE ARTI FACTS 5
TECHNI CAL Wb BbR173he invention relates to wirel ess data trapsr/useivesss. Mre
particularly, the invention relates to wreless data and voice
transceivers with full duplex 10 functienality provided by frequency
division nultiplexing. BACKGROUND ART Cordl ess and cel | ul ar phones are
designed to 15 carry voice nodul ati on of adequate quality for distances
froma few hundred feet up to a fewDbesesidoromel | phones. It is desirable
to provi de phones that accom plish this while being | ow cost, having
adequate battery |ife and neetin ulatory requirenents on radio ems 20

sions. The use of dﬂ%@&JEWaT%W$g%¥1 Bithgle THRIRASTEVE FEEEBERe is one of

the sinplest archichesicasiwd Boausimangie T asdl reseihiEAb®TiFARirgTEEt S
these goals. In the prior art, U S. Patent Nos. 5,493,583; 5,533,056; and

5, 550, 8 to Cripps and U. S. Patent No. 25 5,444,737 to Cripps et al..,
descri be a diTEECINTIQ2ZANSTTRL,D si ngI e conver si on receive architecture in a

W rel ess data transcel,,‘s,{,ler 1fnre tV\lllorl,lelree %utl% Wecleéélserdgl%ﬁméﬂlah% for

transmtting and receiving uency no
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source for the recelver. During %ya transm ssion, the oscrillator
out put 10 fréqﬁjé?ﬁésp%dlﬂyatﬁé@"tléie& & esmiemt G o si gnal to t he

transmt ant ganaiplke&iesei |1 ator output is 35 frequency nodul ated by

nodul ati ng an error feedback sig- nal which serves as the control voltage

for a voltage controlled oscillator in a phase lock loop circuit,
BACKGROUND ART

Cordless and cellular phones are designed to

15 carry volice modulation of adequate quality for distances
from a few hundred feet up to a few miles for cell
phones. It is desirable to provide phones that accom-
plish this while being low cost, having adequate battery
life and meeting regulatory requirements on radio emis-

20 sions. The use of direct transmit and single conversion
receive is one of the simplest architectures with a sin-
gle local oscillator that meets these goals.

In the prior art, U.S. Patent Nos. 5,493,583;
5,533,056; and 5,550,865 to Cripps and U.S. Patent No.

25 5,444,737 to Cripps et al., describe a direct transmit,
single conversion receive architecture in a wireless data
transceiver. The wireless data transceiver functions for
transmitting and receiving fregquency modulated (FM) sig-
nals. The transceiver has a single oscillator which

30 serves as both the radioc frequency source for the trans-
mitter and the local oscillator signal source for the
receiver. During signal transmission, the oscillator
output is frequency modulated to provide an FM transmit
signal to the transmit antenna. The oscillator output is

35 frequency modulated by modulating an error feedback sig-
nal which serves as the control voltage for a voltage
controlled oscillator in a phase lock loop circuit,

thereby producing the FM transmit signal. During signal

1



t hereby producing the FMtransmt signal. During signal | WO 02/01734

PCT/ US01/ 17754 -2 reception, the oscillator output, in the formof the
transm ttegdobdbeisgnal , is received via the receive an- tenparakeng7sd th an
FM receive signal for mxing there- with to down-convert the FMreceive
signal. As part of 5 the denodul ati on of-2-he down-converted FMreceive
signal, the binary transmt data is subtracted out. Using a directly

nodul ated | ocal oscillator for both transmt and receive can present a
probl em Wierederd oscalthes giddidtletdrs ovsdwdtat dah ttdreprioduc et Hdret ransmit 10

signal, thissapeliacalg afidiRlar 1S 91e3Qi4380 LG oM LQNVARS toyf he

recei ve signal to sone convenient internedi- ate frequency (IF) for
filtering andFeams it okl arhdd! neseivsd §iigkiedn g Mg d-hyesie-
transmttingwalts0 t ARRRA -Scdrivddite HIRCeIW & cHedRR sidphil s def eatrad.od n an 15
anal og EM voi %[eens stsec{n t he uscgiﬁglear his own voice as a .,one hundred

per cent “echo,® mogu Lt 190, & SR SRV EHES &M SR et tEddignal .
Thi s | arge r adieo bdclearyi S rammiaccepizallse subtirae tugermt It is the object of

the present invention . rQvi | Y- tar ceiver,-archi ure
which is nost appli cal%%&rfgg a?ﬁé:‘e%%&%?&o%%‘éﬁe? lgg‘li\siuloasrceip%%r?é)rsy Lf:;t%(r%ﬁle
ot her syst en®oti Wrieetsrma &t ek Macdiosalcass pividsgrdr a Prfiiawe offarequency

modul at ed 10 (geNarRALA (e NP tis HdeRala il dd) gl d e arRdR6d
oscillator is used to_ 25 down-convert the receive signal, yet echo is

suppresded. SSMMARY O STIHEMANVIEIGALOQSTHE l@bGFe I6hjeddte RS hddh dbRieved by
a wWre- | essdonaRsteittey (eGR dISESeANEen $@iian @ dnvdrarddtg itr e3thagdggat e

Rcour at ol y Bt AESHEFG (G SSenadrs et o] FEP LSSt Bal Iy an
anpl i tude combers-, Sateomoshilelt iapp rsixinret elsydddfplhd tateesntihe ifnd tedrdong ef -
fects of the phased q¢K OB LG W@l 2 IRAYARYE V3. 1n an
15 analog FM voice system, the user hears his own voice as a
one hundred percent echo, that is, at the same volume as
the far end detected signal. This large radio echo is
not acceptable to the users.
It is the object of the present invention to
20 provide an improved transceiver architecture which is
most applicable to cordless telephones, cellular phones
and other systems in which a transmit local oscillator is
phase or frequency modulated to generate the transmit
signal and in which the same local oscillator is used to

25 down-convert the receive signal, yet echo is suppressed.

SUMMARY OF THE INVENTION
The above object has been achieved by a wire-
less transceiver which uses compensating filtering to
30 negate filter artifacts affecting the transmit echo sig-
nal, so it can be more accurately subtracted. The com-
pensator is a filter and optionally an‘amplitude compen-
sator which approximately duplicétes the filtering ef-
fects of the phase lock loop circuitry on a modulated VCO
35 on the transmit side of the transceiver and the effects
of IF filtering on the»receive side which would delay and
distort the receive signal. Then, the compensator signal

is added or subtracted, depending on phase, from the



35 on the transmt side of the transceiver and the effects of IF filtering
on the receive side which would delay and distort the receive signal

Then, thewgoipetgat or signal is added or subtracted, depadiwgi@frsphase,
fromthe WO 02/01734 PCT/US01/ 17754 -3 receive signal at the baseband
audio level so that the receive signal -Bs free fromtransmt echo
artifacts. In the absence of the conpensation filter, the subtraction of
the transmt echo is nmuch less effective, or alnobst 5 absent in sone cases.
The utility oécetrectsagseti abrthbé baseprrdemidi nvenel osohbkahethey t he

m ni nrum RF cj jLLy. i n ti e n
requirenentsféggi%%r%¥gggf %glgﬁﬁgn£€§ﬁmg?%%sﬁg%i%gﬂgo%gkéggggquaF?ty. 10
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trans- ceivesrofhé herfhesent cbRYEDNsi Allch Fl8ss 2ef Sedr tiragr am hlhystrati ng

t he freﬂuenc%% 15 response of circuits in the transmt and receive sides of
the transcei ¥efeRF FgSO%S €S53 is an electrical schematic di agramof a
conpensating filter ciThdittusedyi ofttieet tamsseeireerobf €hg.ptes@AtFig. 4

is a graph of _gain.vs..fre n r the. co n Lhg filter gircuit of
F o 9 BEST REDE R FARRI NG BUTSTHE TRVERTE O 0V Ehor ot erBhed PEH o 1,
a wirel ess tsanssh mesvegovbrihenpaksNtCl nveativemestseéart cohdlesa
receive sidg %ﬁﬁ%g.t& nsgitosid AR, @t epnas il i s used to both
transmt nndu?%%% radi o ?reque%cy ?ﬁé%asigﬁgpé g%d %% recei ve nodul at ed
RF sigh@ls. Wen the transceiver receives a nodul ated RF signal, the

recei ve si gnekrTHEP SsEropeeds op the preginNe: side 13 consisting of an RF
anplifier which incorpgratei gﬁbase receive RF fi%tgr 21 tgegrto a

down- conver si on mi xer 239-a t 2ribarht @t Fgeem © wiréles ans-
ceiver of the present invention.

Fig. 2 is a diagram illustrating the frequency
15 response of circuits in the transmit and receive sides of
the transceiver of Fig. 1.
Fig. 3 is an electrical schematic diagram of a
compensating filter circuit used in the transceiver of
Fig. 1.
20 Fig. 4 is a graph of gain vs. fregquency for the
compensating filter circuit of Fig. 3.

BEST MODE FOR CARRYING OUT THE INVENTION
With reference to Fig. 1, a wireless trans-

25 ceiver of the present invention ig seen to have a recelve
side 13 and a transmit side 15. An antenna 11 is used to
both transmit modulated radio frequency (RF) signals and
to receive modulated RF signals. When the transceiver
receives a modulated RF signal, the receive signal 70

30 proceeds to the receiver side 13 consisting of an RF
amplifier which incorporates a base receive RF filter 21,
then to a down-conversion mixer 23, an intermediate fre-
guency (IF) amplifier and filter 25, an FM detector 27, a
subtractor 29 and a receive audio processor 20.

35 The outgoing signals that are transmitted
through antenna 11 are generated from the transmitter
side 15 which is a direct FM or phase modulated transmit-

ter consisting of a transmit audio processor 30, a phase



gquency (IF) anplifier and filter 25, an FM detector 27, a subtractor 29
and a receive audi o processor 20. 35 The outgoing signals that are

transm tt @@ o2ioitaugh antenna 11 are generated fromthe tr aegmidogf7s4si de 15
which is a direct FM or phase nodul ated transmt- ter consisting of a
transmt audi o processor 30, a phase WD-Q2/ 01734 PCT/ US01/ 17754 -4 |ock

|l oop circuit including a voltage controlled oscilla- tor (VCO 35, a phase
| ock | oop synthesizer 37 and a reference oscillator 39, a transmt buffer
anplifier 33loandlacprensaiithanogbndingi &t eplBageAconhpendeati ngefilleer 5 17

i s connect ed thv@@@ tg?fé agggggtfgcgliggbt?%ét?gglzgge3eegﬁavgr circuit

13. The conpensatlng ensat es guency distortion in the
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to a FMdetec erna y a phase dé
15 in the demodulator of the receiver circuit 13.

microcontroller 40 interfaces with the audio processors
of the transceiver, as well as with keyboards, indicator
lights, and other peripheral devices, to provide the
function of process control.

20 The RF filter 21 is a wide band filter acting
on the receive signal 70 to reduce incoming signal noise,
spurious signals and to reduce the power in the transmit-
ter signal which reaches the receiver. The filtered
signal 71 proceeds to a down-conversion mixer 23 where

25 the output signal from VCO 35 is mixed with the RF signal
from RF filter 21 to produce the intermediate frequency
(IF) signal. The IF signal 72 is amplified by IF ampli-
fier/filter 25 and the amplified signal 73 proceeds to a
FM detector 27, or alternatively a phase demodulator in

30 the case of phase modulation, which demodulates the IF
signal. The IF filter is typically a narrow band filter
having a significant effect on the IF signal. Therefore,
the IF filter 1s modeled and taken into account in the
compensating filter of the present invention, but the RF

35 filter, having a smaller distortion effect is not modeled
or taken into account. The demodulator has a character-
istic filter function which may also be modeled, taking

into account frequency and amplitude distortion.



30 the case of phase nodul ati on, which denodul ates the IF signal. The IF
filter is typically a narrow band filter having a significant effect on
the | F sigalyor7aerefore, the IF filter is nodel ed and t ggngdotorsaccount
in the conpensating filter of the present invention, but the RF 35 filter,
having a smaller distortion effect is nets-nodeled or taken into account.
The denodul ator has a character- istic filter function which may al so be
nodel ed, taking into account frequency and anplitude distortion. WO
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conpensat i ngvhifkekhe7dempdutappfesipnalof 4t he §Hﬁmﬁécﬂéﬁférﬁéﬁiﬁli9 isto

renove the {{enspht gogubat yonsiramhbeckppeh¥gtrshgnal1+8@ @ne Mgt pay
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consid- ered. For_ explanatory purposes, |let us assunme the out put % the FM
Detectt? 74 FRérEaSRstRRefAOrARCPRVEFE40RNBYX?S 2B nBREasBs. LRBALWESTi nal | y

have the SUb&i@Eé@érrﬁéﬁéfelnlﬁﬁé&u@ﬂcﬁeﬁhgﬁsQﬁembéaeib@ EEgAsSMm t then
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we refer to t I o] bl.gc b ctqr it cancels
t he signal 7%g§38%g8§hkg%§oggﬁpggrgré %ﬁaﬁa?§7éﬁébzs %ggﬁééggseen above
that ebdTh deSéyh. i Ppeerbasangons host F¥eDerarherwhAdt est be consid-

ered. For explanatory purposes, let us assume the output
of the FM Detector 74 increases when the IF frequency 73
increases. Now we finally have the subtractor receive
input 74 decreases when the transmit modulation in-

20 creases. In this particular case, if the compensating
filter 17 has no inversion then the subtractor needs to
add the two signals 74 and 75 together to achieve cancel-
lation. To reduce confusion we refer to the cancellation
block 29 as a subtractor because it cancels the signal 75

25 which also appears on signal 74, but we have seen above
that egch design implementations must determine whether
the subtractor needs to add or to subtract the signals to
achieve cancellation. Following frequency compensation
is an amplitude compensation 80 which offsets amplitude

30 distortion modeled in the demodulator circuit.

The difference signal 76 then proceeds to the
receive audio processor 20. In the case of analog voice
modulation, the audio processor generally includes a
compandor circuit, which improves the signal-to-noise

35 ratio by compressing the volume range of the voice signal
at transmitter by means of a compressor, and restores the
normal range at the receiving end with an expander. In

addition, the voice signal will typically also be fil-



the subtractor needs to add or to subtract the signals to achieve
cancel l ati on. Follow ng frequency conpensation is an anplitude

conpensat we2Q73ahi ch of fsets anplitude 30 di stortion nodelgdudoi1tae
denodul ator circuit. The difference signal 76 then proceeds to the receive

audi o processor 20. In the case of anal eg-voice nodulation, the audio
processor generally includes a conpandor circuit, which inproves. the
signal -to-noise 35 ratio by conpressing the volune range of the voice
signal at ttensditterrbgverhnsndésargbhprvedoiatapd frstoersyt hangaor na
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subtractor circuit 29 can al np enented in a _conven- tional manner as
is knot#h in EReNEREt and F%E%?v%a%ﬁw%ﬁtESCﬁﬁBE@%sg%1?%r§ahnbée?ﬁﬁV%nented
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voltage contro OSCiI ase | oc
processor 20 can be 1mplemented by any o a number of

audio processors as may be suitable for the analog or
digital signal.
For signals that are to be transmitted, the
analog voice or digital data signal 68 proceeds to a
20 transmit audio processor 30 which processes the transmit
modulation into a transmit baseband signal 67 which is
input into the compensating filter 17 and also into the
voltage controlled oscillator 35. The phase lock loop
synthesizer 37 has an input 66 from a stable reference
25 oscillator 39 and a feedback input 65 from the voltage
controlled oscillator 35. If there is no input signal to
the system, the error voltage is the value required for
phaselock. Then, the voltage controlled oscillator (VCO)
35 operates at a carrier frequency, fo. When the trans-
30 mit modulation signal 67 is applied, the VCO frequency
control output signal 62 is modulated, but filtered by
the phase lock loop 37. In other words, while the modu-
lation signal 67 tends to swing the VCO center frequency,
the PLL attenuates the swing with a filter characteristic
35 that can be modeled with known programs, but the VCO is
nevertheless modulated outside of the loop bandwidth.
Inside the PLL bandwidth, the modulation is reduced. It
is this RF signal 62 that is transmitted via the trans-



synt hesi zer 37 has an input 66 froma stable reference 25 oscillator 39 and
a feedback input 65 fromthe voltage controlled oscillator 35. If there is

no i nput wiggnah7340 the system the error voltage is the ywmuesoigauyred for
phasel ock. Then, the voltage controlled oscillator (VCO 35 operates at a

carrier frequency, fo. Wen the trans 307Wt nodul ation signal 67 is
applied, the VCO frequency control output signal 62 is nodul ated, but
filtered by the phase lock loop 37. In other words, while the nodu- |ation
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VCO 35, the pﬁase ?ocﬁ ?%Opa n?% S|zg§e ?E; r&fe n%ed g%%??ﬁa%or 39,

and the bufféllaﬁpl31|eanBSlénUehamnbﬂmentédlLara3¢onaanahbnbé napherent ed
in a conventjgnal %@ﬁ@ﬁ 1na§hésp598¥“a£9 thepprioLsaht « gﬁélﬁrﬁgéghgoaUd'o

proces 10 sor 30 sane ty rocessor as descr
with r%@eren%@rtéothﬁaﬁebﬁlPﬁeaﬁémé gyﬁeeg oPropesseyppealP§cEdRstist i ng of

a Conpressorab@vélWQQBrraﬁarancéltbethéOfeaa@b@gauahgep@a@bggakigos. As
di scussed above, Q conRensgtlng %ilter 17 15 is connected b tmeen t he
transmt audF¥PPrott¥sorsaSoindt R #r SRHCRFEEEPT ¢i PchittPRET aRt tﬁe
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67 so that it will be a goo recerve si conponent of
transnmib nodusatctonectddsbetween the transmit audio processor 30 of

the transmitter circuit 15 and the subtractor 29 of the
receiver circuit 13. The compensating filter 17 serves
to modify the frequency and phase spectrum of transmit
modulation 67 so that it will be a good match to the
20 receive signal 74 component of transmit modulation, thus
allowing this signal to be accurately removed to give an
uncontaminated receive signal 76. For the purposes of
explanation of the compensating filter circuit, a typical
phase lock loop circuit has a bandwidth of about 150 Hz
25 and a phase lock loop lead of zero at 10 Hz. These val-
ues would incorporate a well damped phase lock loop cir-
cuit. These assumptions mean that the phase lock loop
affects the modulation signals by subjecting it to a
single highpass effect below 150 Hz and a double highpass
30 effect below 10 Hz. Therefore, the compensating filter
should reflect the same behavior, so that the subtractor
will completely eliminate any transmit audio signals from
the receive signal.
The receiver also has some filtering, mainly in
35 the IF amplifier/filter, and this has an effect on the
audio signal. For the purposes of illustration, suppose
that the IF filtering of the receiving circuit has the

effect of lowpassing the audio signal with a two pole



allowing this signal to be accurately renoved to give an uncontamn nated
receive signal 76. For the purposes of explanation of the conpensating
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Theref ore, thelecenpensatcngcbinbeasateoibd heed thecenpensat eft pramedul ation

Si gnal beforeoly 158acheclie subLLACtoL,sq,Lhal Lhe gutpyt shgnal from the

subtractor is Correc ref erence” nmpensating filter
17 nust conpehfatesfof bbehfihsesfifigeis bhephaselvEUcklrguptcaECU|t in the

transmitier Ghigthl LReandlbesnGl E@@%ét@f obNenbl kbCEL RPN 1 hEn' Rl ver
circuit 25. the filterin ects of the 13_on the 10

basebah® reckvebar HﬁFﬁ"bB?t ahe B@é%@ét@ﬁ‘é RFCWE?thﬁsRFqﬁftﬂ-éew 48
conpared to @ﬁ@t@aﬁﬁaénéoﬁpgﬂéﬂ E@neﬂbdbﬁseﬁénddb§§H§§eﬂahﬂwﬁaehexaﬂﬁ|e

cbove. e, DRRS,LOck [oopcl i cuil Tmy ave.g shigle highpsss elfect
15 in Fig. 2c®ytam@@|haoé ai ghpa3e hibhpass88faadt8leilnowt hB0 Hranandtt er
g:;gﬂ:% ﬁgy a@gu g%§§§§§§3e§?8¥€’béﬂgw'EOHLl't%ﬁkggiknrégﬁeégﬁgéﬁer
15 in Fig. 2 by a pair of highpass filters 83 and 84 in the
transmitter circuit 15. Also, as discussed above, the IF
filtering in the receiver circuit may have the effect of
lowpassing the audio signal with a two pole response at
10 KHz. This is represented in Fig. 2 by a pair of
20 lowpass filters 81, 82 in the receiver circuit 13.
In order to achieve a pure receive signal 76 at
the output of the subtractor 29, the compensating filter
17 must compensate for both the highpass effects of the
transmitter circuit 15 and the lowpass effects of the
25 receiver circuit 25. Thus, in Fig. 2, the compensating
filter circuit 17 is shown to include two highpass fil-
ters 85 and 86 and two lowpass filters 87 and 88. The
number of highpass and lowpass effects described in con-
junction with Fig. 2 is merely exemplary and the precise
30 compensating filter characteristic is determined by mod-
eling the PLL filter effect on the VCO output signal 62
combined with the IF filter effect on the mixer output
signal 72. The compensating filter is the same as this
composite. The various subcircuits of the transmitter
35 and receiver circuits may have other filter effects which
may be modeled and matched by the compensating filter

circuit.



| owpassing the audio signal with a two pole response at 10 KHz. This is
represented in Fig. 2 by a pair of 20 | owpass filters 81, 82 in the

recei ver wig@uwit3413. In order to achieve a pure receive sipgnaso{@rak the
out put of the subtractor 29, the conpensating filter 17 nust conpensate
for both the highpass effects of the trgasmtter circuit 15 and the

| owpass effects of the 25 receiver circuit 25. Thus, in Fig. 2, the
conpensating filter circuit 17 is shown to include two highpass fil- ters
85 and 86 and two | owpdsshf refersngZ andrgg. Theannerbwplef ofi ghpass and

| owpass eff ecbiodgset Ligdel eeon: 7] HCLHOMW [RoELOEnae! EpBLabyaexenpl ary
1 o d

and the precise 3 onpensati ng | ter acteristic 1s determ ned by nod-
eling the PU@6$F|@ErtE¢f€éit6ﬁ Fh@WQEEﬁoE%%ut3s%§néP5620n60ﬁ9FﬁEHuﬁrth t he

IF filter eft@@h @Hath@oﬁnaebeoué@at;OSiﬁﬁaémZ£t fhe @@ﬂ@éﬂgatiﬂg filter is
t he sa osjte. Q vari ous SUECIKCUItS thgﬁ;ransnltter 35
and rec |ver i?%ﬁlf mebfeREY 8 ﬁ?ﬁe?m?ﬁ??%? %Ff%ﬁ?soahFEﬁ yeheCAbdel ed

and mat ched by hdiée cohpensadubhg &ctdvmplishrehet saM® 624108734, PLAh&BS01/ 17754
-9 Wth reference. I f the aLq fil 17 is
shown. Note %ﬁ %f%ﬁfngkgoaﬁe @ra$§%$9 §u8%0|§19n§ﬁg§§8ﬁn£bl regegsejust one
construc- tishonhht cool ghbecuseditolV npf eFeat BhetbenﬁepsathQGS51|Iter

17. Many ot her.Lpplementat{ QRsnot 5@818'éigﬁafaProHetHEdErﬁﬂéﬁbt“DU'd
acconpl i sh the_sanme function, nane mnate the transmt audio

si gnal ! @ronw%%%l@e@%?géssgrgﬁ§|thﬁn¥¥ﬁ@8@%FEﬁn9 g¥revift g. A3reshetPrput
node 51 reCElvﬁﬁdtbépéé@B§ﬂ1tlaéﬂépcéhﬁ@@te@rﬂﬂ1é@ﬁlééaﬂéniﬁp&@ AYdEo

processor 5% %ransnlﬁtln circuit. A£r§s$ % Rl _and aa5g0|tor Cl are
connect ed i n°Seri®st €8T hphit “Aole C8HICATPRSPELEFeRCTS €8 t eFPBET ween
one end of capac-CltandCyranddgr ovndapéciapacC?oisC2onsecvadethedatrn par -

allel wth resisiql; & Pgé!??BrtEE ﬁ@gwgé?ééﬂécéﬁ8roflcééaéfgogrBE”d-

Capacitor C3"1's connecte resrs
15 and ground. Capacitor C3 is connected after resistor R2

and capacitor C2, in series between capacitor Cl and a
resistor R3. The second end of resistor R3 is connected
to the negative input terminal N1 of operational ampli-
fier 60. The positive input terminal N3 of operational
20 amplifier 60 is connected to ground. Resistor R4 and
capacitor C4 are connected in parallel between negative
input terminal N1 and the output terminal N2 of opera-
tional amplifier 60. The output terminal N2 is connected
to the output node 52 of the compensating filter circuit.
25 The output node 52 of the compensating filter circuit 17
is connected to the subtractor of the receive circuit of
the transceiver.
As discussed above with regard to Fig. 2, a
typical phase lock loop has a bandwidth of about 150 Hz
30 and a phasé lock loop lead zero at 10 Hz, which would
mean that the phase lock loop affects the modulation
signal by subjecting it to a single highpass effect below
150 Hz and a double highpass effect below 10 Hz. There-
fore, the compensating filter of Fig. 3 should reflect
35 the same behavior, so that the subtractor will completely
eliminate any transmit audio signals from the receive
signal. Thus, with reference to Fig. 3, capacitor Cl1,
having a value of 22 nF, forms a highpass filter 53 with



and capacitor C2, in series between capacitor Cl and a resistor R3. The
second end of resistor R3 is connected to the negative input termnal N1

of operatiwoabogspli- fier 60. The positive input term nal pdBuSHi/17754
operational 20 anplifier 60 is connected to ground. Resistor R4 and

capacitor C4 are connected in parallel beoween negative input termnal N
and the output term nal N2 of opera- tional anplifier 60. The out put
terminal N2 is connected to the output node 52 of the conpensating filter
circuit. 25 TesisttopuR2nodéisd diast lve resripdrsats o i Mbr ddddgiitort7? s
connect ed 1 0 g SublAator: @f L heisees V%aﬁ:darcateatnc%f of 1 WANSCEEr . AS

di scussed above with regard to 9_@ %Jcl cal phase l'ock I'oop has a
bandwi dt h of daleGontsdighrase afﬁ& rpﬁésém l@q%qreé@ z&fg ot hes 13z,
whi ch woul d m@qstt@altcet hff m@aﬁ@(d ock |l oop affects the nodul ation si gnal by

subjecting it to a sin e hi ss effect below 150 and .a doubl e
hi ghpass ef fect bel ow ‘Fﬁéfree Sic5 éitlston@a(‘?or?ﬁér}‘?sdu‘tzll WEFM%er of Fig. 3
shoul d refl eciail33 vt Hen Sdvee Ilﬁeh;a:\alg@r,, aswl tthdts the subteffeaicr on Itlhecorrpl etely

elimnate an n udi i fr t r I gaM th
reference to % %Tg%laga %SS (%%%klsssedon% g%\?al%%%&%ﬁ e2%‘}3(2%’%7
hi ghpass fil ttéllat5$h\m tﬂil\ﬁ@rgzvgopfszthlecr/ewsoym@?sﬁrcuw st §3th@r e@ whi ch

has a resistanes Qff 1 Addid iR Aldiv G3paal 1Ak, HRVIE A re-
capaci tance of 22 nF, O%%Brarrs é:’tsecor?d hi gﬁpgg% filter 55 w tI%qresttor R3,

whi ch Rds a SPOEIS& afcd GfHE0 ROCTSIPKE r d66 FOTBIE kNG Had tese
filtering, mRullky nded e |d5n@ie@1%teaff@x{ lihS shasvamaefsf eEtreit .t han audio

i . As di d t I that the filt f
The recel vi ng B FAGCE adh ROCoT o1 St BEFoMas BTG "Bn AUHS SF Gl wi th

a two pole reflQOsgonse€catnsl@ Kidwpakisefefles, Sthericbmeensatiitog f42l,ter
woul d need t%¥ﬁ%ﬁg%%%a%?é% aéﬂ%dﬁc%prpﬁs% %%fec dél@l&ﬂgify r%@éﬁ of Fig.

3, resi stor ving a resi stance
15 tor R4, having a resistance of 100 KQ, and capacitor C4,

having a capacitance of 150 pF, form a second lowpass
filter 56. The two lowpass filters have the effect of
matching the effects of any significant IF filtering from
the receive circuit, while the highpass filters 53 and 55

20 have the effect of matching any effects of the phase lock
loop circuit in the transmit audio.

With reference to Fig. 4, a graph of the ef-
fects of the compensating filtering is shown. The graph
illustrates the signal gain in decibels (dB) on the Y

25 axis 92 and the frequency (Hz) on a logarithmic scale on
the X axis 91. In a portion of a graph 94 between 10 and
150 Hz, there is a 20 dB per decade highpass slope. This
is due to the effects of the highpass filter 55. In the
portion of the graph 93 below 10 Hz, there is a slope of

30 40 dB per decade highpass slope, which is due to the
combination of the highpass filters 53 and 55. The por-
tion of the graph 95 above 150 Hz is shown to have a
slope of 0 dB until the frequency reaches 10 KHz in which
the two pole response from the IF filtering needs to be

35 compensated. At this point, the lowpass filters 54 and
56 cause a portion of the graph 96 above 10 KHz to have a
lowpass slope of 40 dB per decade.



of 10 KS2, forns a |lowpass filter 54 with capacitor C2, which has a
capacitance of 1.5 nF. Additionally, resis 15 tor R4, having a resistance
of 100 KQwoangigapacitor C4, having a capacitance of 150 pghyudopntmsga second
| owpass filter 56. The two | owpass filters have the effect of matching
the effects of any significant IF filtering fromthe receive circuit, while
the highpass filters 53 and 55 20 have the effect of matching any effects
of the phase lock 1loop circuit in the transmt audio. Wth reference to
Fig. 4, a graph of theVefiofiecispbémeheatbopensétthg Ephpensaging shown.
The graph '££H§é£a%§§ £H§1§F9&§'cgﬂﬁgnbgtgfcbgﬁ'Ee(9§%s99uE9§fo§§eaX'5 92
and the frequency ( on a logarit c scale on axi s

portion of aupPApWedl keeweepnadngpyingsuofelst aér Eilsess20 BCBer decade

hi ghpass sl opggeTdi greli §séaetéocéﬂﬂslﬁéfeﬁéswitéb@nel gh@éé%sf bt @he55. In
the portion of thi g£a3£ 93 below 10 Hz, there is B 30 40 dB per
P b

decade hi ghpaldse| ?EhCFECHﬁErYOOFhEhﬁoHB?ﬂﬁ?FBn etﬁﬁthBﬁpass
filters 53 aﬁdcéﬁveTbﬁdéOIF fiDﬂeﬁin@heagraaml95sabmpelﬁﬁaekhlsSOshomn to
have a slope f 0 d é # Fgrfégguen y reaches 10 KHz in which the two
pol e response ron1t Ff eri ng needs to be 35 conpensated. At this

poi nt, the |owpass fllters 54 and 56 cause a portion of the graph 96 above
10 KHz to have a | owpass slope of 40 dB per decade. WD 02/01734

PCT/ US01/ 17754 -11 Various inplenentations of the conpensating filter and
anpl i tude conpensator can be constructed based upon well known engi neering
nodel s of filters. Such nodels are used to conbine the filtering effects
of the 5 phase lock loop circuitry on the transnmt side and the receive
side IF filtering, as well as anplitude distor- tion in the detector
circuit. WD 02/01734 PCT/USO1/17754 -12 C ains



1. Awreless transceiver conprising, a transmt side having a voltage
controlled 5 oscillator (VCO generating a radio frequency (RF) signal,

t he VCO hewg d@1scenter frequency stabilized by a referengggoiguis, W th
the center frequency swng by a nodul ation signal froma baseband

nodul ati on signal source, the referencelztrcuit inposing a characteristic
10 filter function on the RF signal producing a nodul ated RF out put
signal, and a receive side having a down-conversion m xer conbining an RF
i nput signal with the nodul ated RF out@irimsignal, producing an
intermedi ate frequency (IF) signal 15 fed to an IF anplifier and filter
havi ng a characteristic_ filter function operating on the |IF signal,

t her eby produci Ag WiFFleEFeHrPRSSPAHEr, CAMAELEEREr circuit connected to

receive the filtered IE skgnahiangdipeoduGeng deﬁamubgbedoauebmléagnal, and
a subtractor Ciriﬁ E g&gﬂected tg recelvedthe nDduIat?g ?udio si gnal ,
and a tonpeRSatingtPrI ¢ ad9FRGT &R BHt Buf 2L BnhEEERE EE (RE’ subt ract or
circuit and hagnaf, athelV@@ h&umngiancahteh fseqbensanetablalzedpbyiae of

the CharaCtFéE§£%§cE'FEEEuEE”C% ﬁFtBSnEEF°? %uﬁg Bpdat he

characteristic unctionh o the he i nput
of the conpenedruiagioni bigpair fapged bésebééﬁv@oﬂhéaﬁéénl§ﬂg§ﬁls|gnal and

apply the cog@h@@@nttﬁéggékekéﬁe@telrEﬁ§E69Mp5§ﬂHglagcha§aEEé9§§t&c
nmodul ation fromthe received denpdul ated audi o

. . The _appar at us
of clatth 1 whdtefr §dngtierepBntie BFreaEPanpaOﬁH§§€g|echﬁaéate 5B%o
02/ 01734 PCT6WSRALt14784al; 18nd. The apparatus of claim1 further conprising

i tud t t th th t filt d
Pavi ng an ampl | tude ai CoRGAETOR GhAFabC&rPEL FotCHRB PRl °E B PRe STBE  act or

circuit whi choinsinhhegsaneREsinput signal with the modulated RF output
signal, producing an intermediate frequency (IF) signal
15 fed to an IF amplifier and filter having a characteristic
filter function operating on the IF signal, thereby
producing a filtered IF signal, a detector circuit
connected to receive the filtered IF signal and produce a
demodulated audio signal, and a subtractor circuit
20 connected to receive the demodulated audio signal, and
a compensating filter having an output
connected to the subtractor circuit and having a filter
function which is the same as a composite of the
characteristic filter function of the RF output signal
25 and the characteristic filter function of the IF
amplifier and filter, the input of the compensating
filter arranged to receive the modulation signal and
apply the complement signal thereto, thereby removing the
transmit modulation from the received demodulated audio

30 signal.

2. The apparatus of claim 1 wherein said reference
circuit is a phase lock loop.
35



5 distortion in the detector circuit. 4. The apparatus of claim1l wherein
said receive side has an input connected to an RF anplifier and filter

wi th the wgbpuizzi hereof being said RF input signal. 10 5. pdheseppasat us of
claiml wherein said filter function is a |linear conbination of the
characteristic filter function of the RE3eutput signal and the
characteristic filter function of the IF anplifier and filter. 15 6. A
transceiver for transmtting and receiving radio frequency (RF) signals,
conprising: an aftenesedese tusardhidlEiing la funtdtemuoguicatied ndRRsi gnal  and

receiving a %%qqgu'&d@ e i %@oeiazc%dav}igcﬁp%ﬂhet (R Lt Foupl ed

to the antenna”and generating the first RF signal, the transmtter circuit

includi ng a rgdicat 6 ovigeueat iy ld tides @ REnUStgea aliane o aidiish t
audi o si gnal agihe dd arsMHd §ubtidcddrt diRthud RgidPhasedo i W t age
control |l ed 25  0scill.ator, (V with a characteristic filter passband

associ ated WL OFEL9B0 Bt GRS ST S'he  antenna, a recei ver

circuit coupled to the antenna and receiving the second RF signal, the

receiver cirguit 30 having.a down-converting _nm.xer, .and an.LE i fier and
i ter i ch an | Ao e e Ao iai o gt ¥ GRS e m xer
havi ng a fir $esf ragiemyr ceospardedand aa ®dhedwlitfderciancuifiiftar eorierting

the first fregueRey o uteRPRISHH @A RAsehanesigial, dikgdenodul ator circuit
35 connected to a subtractor circuit, and a conpensating filter circuit

coupl edetween the VCO of the transmitter circuit and the subtractor
circuit of the retel wWhaGlateid tofard aRavilnghereae0r i\ WO QA k7 Finction

PCT/ USO01/ 17754 ]eLA:'L frequ%n LT s_%onso%r t'r_g%tu LS th sam.;'.as ftq%é‘rl r st
frequency respofise"\Wier & Fst &hwafgseﬁdﬁ ¢ it
function of the RF output signal and the characteristic
filter function of the IF amplifier and filter.
15
6. A transceiver for transmitting and receiving radio
frequency (RF) signals, comprising: d
an antenna for transmitting a first modulated
RF signal and receiving a second modulated RF signal,
20 a transmitter circuit coupled to the antenna
and generating the first RF signal, the transmitter
circuit including a modulator for modulating a first RF
signal with a transmit audio signal, the transmitter
circuit including a phase locked voltage controlled
25 oscillator (VCO) with a characteristic filter passband
associated with the VCO output signal sent to the
antenna,
a recelver circuit coupled to the antenna and
receiving the second RF signal, the receiver circuilt
30 having a down-converting mixer, and an IF amplifier and
filter with an input being the VCO output signal, an
output of the mixer having a first frequency response and
a demodulator circuit for converting the first frequency
response to a baseband signal, the demodulator circuit
35 connected to a subtractor circuit, and
a compensating filter circuit coupled between
the VCO of the transmitter circuit and the subtractor

circuit of the receiver circuit and having a second



signal is conbined with the second frequency response signal, thereby
accurately renoving the transmt 5 nodul ation fromthe baseband signal of

t he receiweroyogtyscuit. 7. The transceiver of claim®6 wheraartdee17754
transmtter <circuit includes a phase |ock |oop (PLL) synthesizer 10
coupled to the VCO, the PLL syntheSizer-having a third frequency response.
8. The transceiver of claim6 wherein the conpensating filter circuit
conprises at |east one highpass filter. 15 9. The transceiver of claiml
wherein the ﬁna@@aseyingspéhseethatrtaitheospméses ahel| Easttone each of

hi ghpass anﬁrégMQ?é? iéé 8ﬁ§e,2Qhé9el%h€hér§§§g ﬁégg ?#akgggoﬂggreln

the conpensatin onprlses at 1east one | ter  connect ed
in series mn%hg%§1Ib%s@o%hénﬁémﬂh§§ thet epcond, f?ﬁéuPﬁQMSE@FP@ﬁSGf claimé6

wherein the yoehof, thﬁezébyraaéﬁkaténycréﬁaﬂni%ﬂér gebh¥miedul ated with a

baseban audi pal a further conprising an
anplltuge c %ﬂi%gb?na§§8%l g bggg%a?ﬁesﬁgﬂﬁ nS tFHG B6CFLVEEr and havi ng

an anplitudecattehuati on characteristic applied to the subtractor circuit
which is the sanme as the anplitude distortion in the denodul ated audi o

si gnal .
7. The transceiver of claim 6 wherein the transmitter

circuit includes a phase lock loop (PLL) synthesizer
10 coupled to the VCO, the PLL synthesizer having a third

frequency response.

8. The transceiver of claim 6 wherein the compensating

filter circuit comprises at least one highpass filter.
15

9. The transceiver of claim 1 wherein the compensating

filter circult comprises at least one each of highpass

and lowpass filters.

20 10. The transceiver of claim 6 wherein the compensating
filter comprises at least one highpass filter connected

in series with at least one lowpass filter.

11. The transceiver of claim 6 wherein the VCO of the
25 transmitter circuit is directly modulated with a baseband

audio signal.

12. The apparatus of claim 6 further comprising an
amplitude compensator associated with the compensating

30 filter and having an amplitude attenuation characteristic
applied to the subtractor circuit which is the same as

the amplitude distortion in the demodulated audio signal.



