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BACKGROUND ART

Cordless and cellular phones are designed to
carry voice 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 rédie emis-
sions. The use of direct transmit and singleﬂcdnvérsion
receive is one of the simplest architectures with a sin-
gle local oscillator that meets these goals. '

In the prior art, U.S. Patent-NOsf 5,493,583;
5,533,056; and 5,550,865 to Cripps and U.S. Petent No.
5,444,737 to Cripps et al., describe a dirécifﬁraneﬁit,
single conversion receive architecture in a wireleéﬁfdata
transceiver. The wireless data'transceiver'functions for
transmitting and receiving frequency modulated (FM) sig-
nals. The transceiver has a single oscillator which
serves as both the radio fregquency 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 antemma. The oscillator output is
frequency modulated by modulating an error feedback eig-
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

be a direct,-:transmt, single conversion receive architecture
Al F9EIER ver. The wirel ess data transceiver functions for
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Thus, the modulation signal used for transmitting also
appears in the receive signal, and is detected. In an
analog FM voice system, the user hears his own voice as a
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the far end detected signal. This large radio echo is
not acceptable to the.users.

It is the object of the Present invention to
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 freguency modulated to generate the transmit
signal and in which the same local oscillator is used to
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
negate filter artifacts affecting the transmit echo sig-
nal, so it can be more accurately subtracted. The com-
rensator is a filter and optiona;ly an.amplitude compen-
sator which approximately duplicates the filtering ef-
fects of the phase lock loop circuitry on a modulated VCo
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 compensateor signal
is added or subtracted, depending on phase, from the
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a wireless trans-
ceiver of the present invention.

Fig. 2 is a diagram illustrating the frequency
response of circuits in the transmit and receive sides of
the transceiver cf Fig. 1.

Fig. 3 is an electrical schematic diagram of a
compensating filter circuit used in the transceiver of
Fig. 1.

Fig. 4 is a graph of gain vs. frequency for the
compensating filter circuit of Fig. 3.

BEST MODE FOR CARRYING OUT THE INVENTION
With reference to Fig. 1, a wireless trans-
ceiver qfithe present invention is seen to have a receive

‘side 13 and a transmit side 15. An antenna 11 is used to
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both transmit modulated radio frequency (RF) sigmnals and
to receive modulated RF signals. When the transceiver
receives a modulated RF signal, the receive signal 70
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-
quency (IF) amplifier and filter 25, an FM detector 27, a
subtractor 29 and a receive audio processor 20.

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

t he
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the power irfabhengrihdber-17 and the receiver circuit 13, The ampli-
tude compensator 80 compensates for amplitude distortion

15 in the demodulator of the receiver circuit 13. »a .
microceontroller 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 éignal 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 is 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.
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its output 72. erefore, when the transmit modulation

increases then the IF frequency 72 and 73 decreases.
Next, the phasing.of the FM Detector 25 must be eonsid—
ered. For explenetory purposes, let us assume the output
of the FM Detector 74 increases when the IF frequency 73
increases. Now we finally have the subtfactor receive
input 74 decreases when the transmit modulatlon in-
creases. In this particular case, if the’ compensatlng
filter 17 has no inversion then the subtractor needs to
add the two signals 74 and 75 together to achleve ‘cancel-
lation. To reduce confusion we refer to the cancellatlon

block 29 as a subtractor because it cancels the s;gnal 75

n_whlch also appears on signal 74, but we have seen above

that each de51gn 1mplementat10ns mast deternune whether
the subtractor needs to add or to subtract the- slgnals to
achieve cancellation. Following frequency compensatlon
is an amplitude compensation 80 which offsets amplltude
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
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-
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15 processor 20 can be implemented by any of 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-
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As discussed above, the compensating filter 17
15 is connected between 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
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76. For the F@ashes the swbtnaatopnsofthae gnépsﬁﬁgﬁtngighbtleazrgggf‘twﬁd, aa
typi cal phagﬁﬂgyg%ﬁéymagi58#£§8pas a bandw dth of about "150 a

- | d incorporate a
hase | ock | oop lead o zero a Fk. These val ues wou
\FA)/eH darped phgse | ock Wiidp reference. tdhesg. assusRei easpeRaAtilat the phase

1 | ' b ti It to a _single
i ghpass ef feot bl o 108 T orprashBEler NoPh LES effecte: Stopbaces v
Thgrgfore, t FO¥oHRAR AIFRPFY | irrthe HorAnsmittert ciheusanesbghavige, SO

! | i 1t,audio signals
o o roctisces ot iné ool &Leliy A AR SeBRipdt METLL fUAL0 S 00 S

];rSO{nhet Ihle: ;ﬁ‘ﬁ%:“\éﬁ&g’} %ri}aelt 'efri,lta?r’éliftgli%f#‘mt%lméftflwmm_rfil\&raygii@n?‘i;ggal . For
the pulPosesbakebland Wetidiafe a&k@ﬁﬂnﬁpé%é @e%{uéé'%ﬁ%'@fg ;};_‘ll_%;ﬁft 482 two

receiving circuit has, the effect of ["owpassing e au

pole 17 NO Z%Ftepmw ® r%quosm} m‘ef"s?tﬁal tggf ore

conpensat i ngdibcuesedvinl dHee atkang 160 HMARAL %Hé‘?ﬂ%’ férél?%ooéuﬁ;act or is

it reaches Eﬁgtsﬂg§r%g¥g é“éfﬁéte r¥%ﬁ£§égne§¥eégibe{éa 150 Hz, and

a double highpass effect below 10Hz. This is represented

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 KH2z. This is represented in Fig. 2 by a pair of

20 lowpass filters 81, 82 in the receiver circuit 13.

correct.

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. fThus, 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.



5 Wth reference to Fig. 2, the conpensating filter 17 nust corrpe 57a &r
both the effects of phase lock loop circuit in the transmtter ci rlouf@v o
and the wéheeimeof the filtering in the receiver circuit y the
filtering effects of the RF filter 13 on the 10 baseband fg@gﬁtﬁ“@#ﬁ

uni nportant because the RP filter is quigte wi de conpared to the baseband
signal bandwi dth. As discussed in the exanple above, the phase | ock | oop
cir- cuit may have a single highpass effect bel ow 150 Hz, and a double

hi ghpass effect bel ow #OtE. refbiénté ﬁgppggengedaﬁSQMaé?ﬁé d%lEbea pair of
hi ghpass filters 83 and é?#F@%hﬁa transmitter_circuit
|

di scussed alfGVEERSR 1% FReWRecelNQER GHQQMQhQnﬂWhﬂﬂk?the

ef fect of Irrmma&:sﬁ nﬂqéhﬁlaﬂdrOSdeﬂﬂainV\FiQ a3t 98 Belst PP UbHstuc-10 KHz.
This is represent I n_Fi pair 20 Iomgg@e filters 81 82 in the

receiver cirédf tl?P%?ﬂe% t%sﬁéhF%vEmalﬁﬂFEt FOTRERFALING at  t he
out put Sof t Hdlhex rHZt orM28y bdhkeroimebhemeénbgtibhkebf ThemsSt] tedmensate for

bot h the hi ef f.ect.s of tra mpt circuit. 15 gnd the | ass
effects of ?%gﬁ%?er SR ¥ %F#%u??c%‘gp 'gh'len sgmg £ W%oﬁﬁ&éﬁfi ng
filter circuict eﬂimmastl:mv\nheotrmsmﬂe audidi gh@ﬁa$ firom tté¥es r¥edn@ 86 and
two | owpass i rs 8 b of hi ss.and |l o sg.effects
described i h Gon-j unct ?%% m? fg ?g ey ggﬁplﬁpytaﬁﬁﬁgh§lpre0|se
30 conpensaraqgnwese#hehexansmltsamdlmssﬂgmelnfnem themdansming the PLL
filtengeffe t Pt h the IE.filter

10 Ghdld T dEEL oLt B tﬁ%g'lggzlm%ltgag | gd W:Ltt %ges:.gsttqr;'re same

effect on the m xér output si ensat I'ng “fi
as this cofgosice CAPRCYLPF 0G5 aseberrredtedoint Aertesndoi tingnt3hoaied

mat ched. b§' R o R I R S s i n e
PCTI USQl / 173527 §3yand (g¥evrdce A capacibor £2 ckanpPranectede in par-
allel with resistor R2 between the end of capacitor C1
15 = and ground. Capacitor C3 is connected after resistor R2
and capacitor C2, in series between capacitor C1 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 audioc signals from the receive
signal. Thus, with reference to Fig. 3, capacitor Ci,
having a value of 22 nF, forms a highpass filter 53 with



conpensating filter 17 is shown. Note that the enbodi-.nment of tm N‘Uivlzqur
shown in Fig. 3 is just one construc- tion that could be used to i'nplenent

the conpemdne2/01g36 filter 17. Many ot her inplenentations Of(sf'lﬂf f']hter can
be made whi ch woul d acconplish the sane function, namely i Sf”r‘r%’ ate the
transmt audio signal fromthe receive _sgiggnal. In the circuit 17 of Fig. 3,
the i nput node 51 receives the transmt audio signal fromthe transmt 10
audi o processor of the transmtting circuit. Aresistor Rl and capacitor Cl

are connect edeshsteri 82,t whinPlha@ode repk stAd&ES| | sp g@NPESL ed

bet ween one gngOf cgggggﬁ__ itg:r a and ground. A cﬁg{:iﬁr cﬁ&?]s t%hnected in
par- allel wim feSistor 2 By 19 % f@RACIHHRRs tof 22 1B, afickrms ound.
Capaci tor C3isecondebiglipabbefilesrs5ar wRth Ak GARACIAPr (G2 il ries

bet ween capaghfpitLl-andeas gpeghstor R3. The second encﬁ%‘ vrgig]‘sﬂ:ﬂ%p(l)‘?se i's

connected to the negatrve input™“term nal N1 of operational anmpli- fier 60.
The posttive input terFhearengive efpdeanilesaha) sy ifiBefid s connected

to ground. Rg$iSieriR4eapdreC Ltor re connected in parallel between
negative input, tgr%BngﬁngFa%ggghé Sf}ggﬁ 1tse$\§isné|n f fsctomay £ha i onal

anplifier 607UGHe HLgpal.tehsi AibchiBsed tnnnbe! eskaniold bk, Py 52 of

the conpensathaw #hét ' Lt g2 h ut put node 52 of the cornpensating
filter circujt 17Eh(ibsf%:]éﬁﬁggitigdo;oéP-ﬁregE‘gS?g&B?oFJ'&'F"‘t"ﬁe hasg dihge afrcuit of

the transcei®®ft 9& HPweasstnagabhecaniin sigand wath @ to PpolleyRieLal phase

oro at 10 ool b youl §Eean TFEf ORE" pFaS CPBPRTRAb o faie he

zero at 10 Hz i ch uld nean t
modul at i on “ﬁ%ln sHpj cerPepsetet fon thagl 2ol phpasefdideect hel ow 150

¥, a0 o doune seghecortssgl Yol oguidst clhergly s oI

filter of Fioq? 1%3%}?u!€reflec 35 the_sane avi ! .
will conpl et®ly mi %ﬁ@?aiyi?VQﬁ%%1fl%ﬁﬁ¥o5élgmahSCﬁpennth cecei ve
si gnal . Thushiwlt thaefereapseci taftd. o8, 1 CHPRP1 t Ohalli£10H3YHYY Beygkue of 22
nF, faqrgrs a%zgrﬁ@,s%amiﬁfra 513eé’\:‘Lstt-t1ance of 100 XQ, and cabacitor 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 rhase 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 d&B 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 4&B per decade.



1 7 NOV 2004~ WO 02/01734 - 10 PCT/US01/17754 resistor R2, which h a
resistance of 1 MI|. Addition- ally, capacitor C3, having a capacikz'ﬁ%m*
22 nF, feu@wpiasecond highpass filter 55 with resistor R3 ,m]% h‘ s a
resi stance of 100 KQ 5 The receive side also has some fi | BG ‘é” inly in
the IF stage, and this has an effect on_igg audi o signhal..- As di scussed in
t he exanpl e above, suppose that the filTering of the rec?ag-_-yi ng circuit has
the ef- fect of |owassing the audio signal with a two po"I"'e re 10 sponse at

10 KHz. Therefore, th S ' - d e onpensate for
this | ow pass effect. G\{%Pﬂt?ﬁg gﬁ??%n%{jg%gliloa\épgk Fg% %tc’%‘rope%fﬁa A ng a
resi stance IGflter jandfampditufevwpampensator Sanwbeh comsacitaredCdasedhi ch
has a capaci f1 hDowh- LLiongll i sellatQr R4, vihing a
resi stance (Igl 103\7‘-%91, andﬁgae‘g‘g??%l?gg,b Mﬁg\%:i%g%g ?&%&&%ncgﬁo#‘ 150 pF,
form a secof@delsyfrs usedtep sembine the fidwpuingf elffectshafe thiee ef f ect
“of magchi nghalke af t § gl f) I i i fr ' receive
circuit, Whlg)| e t_hgc{l(?ghﬁ%gé félﬂ?l?gir'g 3bgzgﬁg5gr%gh§5}e'§gﬁee %@Fet(t}?'eof

mat chi ng any SSERM& Sife tFe phhkeringk asowpldi psubmpilituide distom-t audi o.
Wth referegraon drfithe etéc8bPPhipEyipe ef - fects of the conpensating
filtering is showmn. The graph illustrates the signal gain in decibels (dB)
on the Y 25 axis 92 and the frequency (Hz) on a logarithm c 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 hi ghpass slope. This 1is due to the effects of. the highpass
filter 55. In the portion of the graph 93 below 10 Hz, there is a sl ope of
30 40 dB per decade hi ghpass slope, which is due to the conbination of the
hi,ghpass 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 fremthe IF filtering needs to-be 35 conpengaffBEdjjiAt

2 B-q0unt, the Towpass Tilt ers B5d—and 56 causeapor t+on—ef—+ her-«gr—agﬁsggﬁ p
above 10 KHz to have a |owpass sl ope of 40 dB per decade. 1 7 NOV 20 75
02/ 01734 PCT/ USO1/ 17754 - 11 Various inplenmentations of the conpensating
filter and anplitude conpensator can be constructed based upon well blown
engi neering nodels of filters. Such nodgl,s are used to conbine the

filtering effects of the 5 phase lock loop circuitry on the transmt side

and the receive side IF filtering, as well as anplitude distor- tion in the
detector circuit. 1 7 NOV 200( 22-07- 2@3,US OL1775 1. A wirel ess
transceiver conprising, a transmt side (13) having a voltage controlled
oscillator (35) generating a radio frequency signal, the voltage controlled
oscillator (BS) Rawipglésseniahseatiedn@ondalildyed by a reference circuit

(37), wth the center _frequency swung by a_nodulation signal froma
baseband. nodul ati on siangrggﬁﬁﬁ¥efygﬁé(ﬂﬁﬁeﬂéﬁﬁ?Quﬁ(ﬂQkﬁﬁge(37) i mposi ng a

charactler.i st¢ontroledf upciildatotr (385¢ Rener@tangrPdEdiW prggg,gléhl,eged RF
out put si gn%@gﬁ ?hé_ece#g Si d(e) %%)lll%gworr%%dﬁl down- conversi on mXxer (23)
conbi ni ng an T nput i YRar2 8PN latar RP Duthiving gaal |
pr oduci ng ap:enterné#éqtenc&Sstabﬂ&ﬁnéﬁ dygrRalrefedericqd dia-anid Fyppplifier
ol gnal . (HalRSRY Snbef (BLBRIERLY. sl kil 4 MRt AR o rou
(27) connectfxomoa reasebandhmodhilktéoad sifnsilgsatur(cel) g fufskeeca
eI ST kit S SRS A RO 10
' the RF signal producing a modulated RF ocutput signal, and
& receive side (13) having a down-conversion
mixer (23) combining an RF input signal (71) with the
modulated RF output signal, producing an iﬁtermediate
15 frequency signal {72) fed to an IF amplifier (25) and
filter having a characteristic filter function operating
on the IF signal, thereby producing a filtered IF signal
(73), a detector circuit (27) connected to receive the
filtered IF signal (73) and produce a demodulated audio
20 signal (74}, and a subtractor circuit (29) connected to
receive the demodulated audio signal (74), and
a compensating filter (17) having an output
connected to the subtractor circuit (29) and having a
. filter function which is the same as a composite of the
25 characteristic filter function of the RF output signal
and the characteristic filter function of the IF
amplifier and filter, the input of the compensating
filter (17) arranged to receive the modulation signal and
apply a complement signal thereto, thereby removing the

30 transmit modulation from the received demodulated audio
signal.

2. The apparatus of claim 1 wherein said reference
35 circuit (37) is a phase lock loop.
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a conpensatlng filter (17) . haV|ng an out put connected to the subqrpﬂg@nmL
QLQj’ﬁlglobz( 29) and havinga J/f il ter-function which-is—t he--sare-as—a—co 1%754
of the 25 characteristic filter function of the RF output signal and
characteristic filter function of the IF anplifier and filter, the input of
the conpensating filter (17) arranged to receive the nDduIation signal and
apply a conpl enent signal thereto, thereQé renmoving the 30 transmt

modul ation fromthe received denodul ated“dudi o signal. 2. The apparatus of
claiml1 wherein said reference 35 circuit (37) Is a phase | ock | oop.
AMENDED SHEH] 1 2-Q7- U -13 .3.. The apparatus of
claim1 furt ?:o%p%(?gggétug of cﬁl q'u%ndéL co é‘rfrg"atcéj %@l%uﬁ}?ed to the
conpensat i ngampht@elE(qampanaamgvn n@0an ca:rm:lhadjdt@ afHec moaMpemsating
characteri st I t h t |t 5 which is the sane as
di stortion |%E%ﬁgpdg?gétgPacﬁﬁiggpr%& ag%%r %%éh SRS m 1 wherein said
recei ve S|deCh?E€§tﬂ§SS§hC|ﬁpﬁﬂl@ﬂOFLCGWWE§m¢¢ra@t@m RA ramqilti f{29) and

filter £21) whibnihe eHbPUbnbhateal et talih Bhd Mllecct) Sotali d71). 5

The apparatus of claim 1l wherein sai lI'ter nction " 1s a

conbi nation of the characteristic fllter function of the RF output si gnal

and the chargact erhétagpdpatihbt 6F EURGH AN wiferhs }ax'cl +teddivk % and f
receiving ra

1lter (25 1 ranscei ver for transn1tt|n
frequ(enci/ (REPEAI%%I {N LBRPFi 7AY: © go( &n) RFoamplddsian tamb a first

20 nodul at edf Ricer gzl ) (566h end baeghe &%e%e%QCQ:@qng”%‘ilcﬁtP@d o gnal
(70), transn1ttg (f%gCUIt (15) coupled to the anténna (11) an&)generatlng
I

theflrst RE Y t he
)

5. The apparatus of claim 1 wherein said filter function
is a linear combination of the characteristic filter
function of the RF output signal and the characteristic

15 filter function of the IF amplifier and filter (25).

6. A transceiver for transmitting and receiving radio
frequency (RF) signals, comprising:

an antenna (1ll) for transmitting a first

20 modulated RF signal ((60) and receiving a second
modulated RF signal (70),

a transmitter circuit (15) coupled to the
antenna (11) and generating the first RF signal (60), the
transmitter circuit (15) including a modulator for

25 modulating a first RF signal with a transmit audio
signal, the transmitter circuit (15) including a phase
locked voltage controlled oscillator (35) with a
characteristic filter passband associated with the
voltage controlled oscillator output signal sent to the

30 antenna (11},

& receiver circuit (13) coupled to the antenna
(11) and receiving the second RF signal (70), the
receiver circuit (13) having a down-converting mixer
(23), and an IF amplifier and filter (25) with an input

35 being the VCO output signal (63), an output of the mixer
having a first frequency response and a demodulator
circuit (27) for converting the first frequency response
to a baseband signal, the demodulator circuit (27)
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_‘trahs fter circuit (IB)fFﬁtrTRﬂ‘ﬁg a modul ator for 25 nodul ating 1Nﬁ anw:

oSL@ASQHORI t h a T ansm T dudi'o ~signar—the transm- tT .TTTeur r—(—:’ct'?r 5691 Ags54

a phase | ocked voltage controlled oscillator (35) mnth a characteristic
filt'er passband associated with the voltage controlled oscillator output
signal sent to the 30 antenna (11), a receiver circuit (13) coupled to the
antenna (11) and receiving the second 4S|gnal (70), the receiver circuit
(13) having a down-converting mxer (23); and an |F anplifier and filter
(25) with an input 35 being the VCO output signal (63), an output of the

Converting (i % PaferrBE A L CBBR BenBlt ApRECRaRa e AT the o
denodulatorannmxmtedZﬂo AMENDEDA SHEETci¥chiDy 2004 ,22n687-2002. -. US0117754
subtractor o reutt (9o%, colERSEERaY, BLPkas PEbL o 20 OB L oup c

bet ween t he bed¢as)thhé VE@ (32nhsoft the ttanammtté%)candulﬁ t(A& )swtd act or
circuitg (29) 194 é%&ﬁtff&@éi’e&fﬂfk" Rzéf%fa{?ﬂeh?&&@@vérs‘éﬁ%ﬁltr q@aEnNcy

response tha requency response, wherei'n the
first freqmw‘?@sﬁmr@e‘sm@m freqcenbyneesmnhet hhaSecendhef S@MEeNCy

response si rggfgyhgﬁg&ﬁéﬁgyyré ? %@§%Q§9tE$ES%}E gpdul ation from

t he baseban S|gnal fecelver ranscei ver of
clain16\Mﬂﬂ@iQﬂH9ﬂ9Ir%ﬁﬁ@@@$%r51§m¢éu1$ qqeplnﬁé|wa§b shghaseonskk | oop

synt hesi zer f(ﬁgc}uéﬁf%@éﬁ@héeg HP't@HSréﬁgtéeHzfth?&' Leabing35) . the
phase |l ocked .| oop synthesi z ﬁ (é;?p avi n fre uenci response 8.
t e

The t Fnsceith ‘Fat9BY} P ﬁéo%oﬁﬁﬁngaFPﬁandZElEPP picitha)i t (17)
conpri ses atr dcasiSte®NEl e wihpasss) .

7. The transceiver of c¢laim 6 wherein the transmitter
circuit (15) includes a phase lock loop synthesizer (37)

1S coupled to the voltage controlled oscillator (35), the
phase locked loop synthesizer (37) having a third
frequency response.

8. The transceiver of claim 6 wherein the compensating
20 filter circuit (17) comprises at least one highpass
filter (87,88)

9. The transceiver of claim é wherein the compensating
filter circuit (17) comprises at least one each of
25 highpass (87, 88) and lowpass filters (85, 86).

10. The transceiver of claim 6 wherein the compensating

filter (17) comprises at least one highpass filter (87,

88) connected in series with at least one lowpass filter
30 (85, 86).

11. The transceiver of claiﬁ 6 wherein the voltage

controlled oscillator (35) of the transmitter circuit

{15) is directly modulated with a baseband audio signal
35 (67).
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filter (87,88) 9. The transceiver of claim6 mherelé-the conpensatli h§0v 200i
%tﬁﬂfwogurcu1t €17y conéiyses at--1 east--one each -of 25 hlghpass—(81-8ﬁédﬁq9754
owpass filters (85, 86). 10. The transceiver of claim6 wherein the
conpensating filter (17) conprises at |east one highpass filter (87, 88)
connected in series with at | east one |lowpass filter 30 (85, 86). 11. The

transcei ver of claim6 wherein the volt controlled oscillator (35) of
the transmitter circuit (15) is directly’ nodulated with a baseband audio
signal 35 (67). AVENDED SHEET 1 7 NOV 2004 22=07-2002. - - US0117754

-15 12. The ppaggtus _of claim rther_c isin ol i t ude

conpensat or 80)&§§%&agﬁﬁﬁ§ﬁﬁt l%o%pgﬂgé??ﬁgg??PféF ¥7P%and having an
anpl i tude ampénmaﬁeDWGMpanuﬂmuns¢8®)amﬁioeﬂat@dthﬁtﬁubheactor 5 circuit
(29) mhlch EENBEE %%EE?a§lfy%fmn¥jftg§h ﬁ%@{ggtggn in tpgdgenndulated audi o

si gnal .
attenuation characteristic applied to the subtractor

5 circuit (29) which is the same as the amplitude
distortion in the demodulated audio signal.

AMENDED SHEET




