2203908 Automatic |IF Tangent Lock Control Circuit. 5

Technical Field This invention relates generally to radio receiv and
more particularly to I F processing and tang'én"E Tocking principl e%éﬂ}ggg
Background Art Phase | ocked | oops are well known in the prior art as a
means of detecting a desiyr d RE .t tted sign Sych .15 . | oops det ect am;
signal by conparison of }H 1"11\9 fﬂmira»ﬂ J&?cﬁ%fq?”a qlp £15 with the
received signal itself. The error in phase between the two signals is

| ow-pass fiktered (i.e. integrated), %m%ﬂﬂ¥g£;n¥¥klé)correct t he | ocal

estimate to resenble the average freq f the 20 received

signal. In general, 'in nost radi o receivers, such phase | ocked | oops are

used to lock on to tli-gilsFi%,@ﬂonﬂ/\/ryé;ram et tlﬁ,e + AR IR dd Q,e%“_slged

carrier signal ataltered fre uenc thro h the F stags as I's we
“understood in 38% ROTg PArAlq ngendy docking

suggests that ppaneipdels.ng can be nade a functlon of the locally generated .
estimate ag@ the incomng carrier signal to the IF stage, thereby allow ng
t he phase cked loop to lock with respect to the incomng signal itself.

30 In the early 1960's, a tangd@acKamouridhdnthase | ocked | oop was
proposed. This | oop phase conpared an |I.F stage output signal with a locally

generated estinmate of the signal_in a dual phase _conparator that vyielded
both the sine and cofPagsackedReapsiiateiaide IRdR Hhe Friagmat am

35 a means of detecting a desired RF transmitted signal. Such
15 loops detect a signal by comparison of a locally generated
estimate of the signal with the received signal itself. The
error in phase between the two signals is iow-pass filtered
(i.e. integrated), and then used to correct the local
estimate to resemble the average frequency and phase of the
20 received signal.

In general, in most radio receivers, such phase
locked loops are used to lock on to the IF signal, which
comprises the originally received carrier signal as altered

_ in frequency through the IF stage, as is well understood in
25 the art. At least one'prior art reference, however,
| suggests that phase lodking can be made a function of the
locally genérated estimate and the incoming carrier signal
S to the IF stage, thereby allowing the phase locked loop to
lock with respect to the incoming signal itself. '
30 In the early 1960's, a tangent function phase locked
loop was proposed. This loop phase compared an IF stage
' -output signal with a locally generated estimate of the
signal in a dual phase comparator that yielded both the sine
and cosine of the phase difference between the IF signal and
35




-2- its estimate. These outputs could then be appropriately conbined to
yield a“tangent function (sine divided by 5 cosine), which resultant signal
coul d bé.used as the correction signal for-te=loop. Si nce a tangent

functi oﬁ varies its anplitude nore significantly than a si'ne or cosine
functjon, operation of a phase |ocked |oop as a function of the tangent
function | ed tits restimatephdthese ou'om‘as:meuldahgenahe appaaprn.gtehy

| east_under soiBmopféa!to0y £o1di 4| Sligehl FUASPLENOts ineCdTLALE! by
avai |l abl e radi oqgcel ver es use tangent | ocki n rfnciples .

to | ock on %o 9IRING) 5 Yris |§e?% %’Go%%a%/ms'elzé R/I"S,Fﬁﬁieﬁs 8der
i ntegrated ciresttectifon signalofentthenboope hasneucaeedﬁdenﬁ fﬁh&ﬁibﬁhi ng

Fadio recel verr e HE e 0L IRE EESCRISAPRACARELY e0dS o e TpRT0E e
t hat such an acosingnfunctibon qpmﬂﬁqnaoﬁeadphasesllod:kedcbobpgusaal on
clearly exist Sful%gl: Yewd ﬁ%ﬂ% i&ﬁ édaﬁoofh&‘.:%igére adbesent

i nvention to provide an I|nprove mal n ai ni ng uency in a
radi o 25 r%e.mpwarm%@m %‘&%%F? ¥ oat clenstrundeyrBePg a devi ce

whi ch can estaéﬁeﬁ&tmgaeamtmd mmsexkﬂpxedofoapcéhﬁeyshalm IF stage
of the radio r &6 jsl% ‘? and ot{ueé ob ﬁléé Eﬁ |nvent|g gecome
apparent to th% :"?e:ﬁa 41 theeatY ﬁpB ohef PIUTE 9 Fﬁ%
acconpanyi ng skeeking primciples o ahackiromi bgsthenIBcsbgnahckswihé a first
aspect of the NdweRS1LMELPHFO | mpseai-dsdnéeoaefaﬂheeéfseéaeéﬂ?eﬁwg I nput
means for receiving an ut signal conprised of _a,fifst cag. ir si gnal
ha\,wg an 3% format i &psﬁgﬁy no ‘one has succeeded in establishing a
satisfactory tangent based phase locked loop through the IF
stage of a radio receiver. Given the stability, speed,
range, and parts improvement that such an arrangement would
provide, a need for such a configuration clearly exists.
20

umma of the Invention

It is an object of the present invention to provide an
improved method of maintaining an IF frequency in a radio
25 receiver and a new and improved radio receiver comprising a
. device which can establish a tangent based phase locked loop
. through the IF stage of the radio receiver. -
ij This and other cbjects of the invention will become
apparent to those skilled in the art upon consideration of-
30 the accbmpanying specification, claims and drawings.
In accordance with a first aspect of the invention
there is provided in a radio receiver having: _
input means for receiving an input signal comprised of
a first carrier signal having an information signal
35 amplitude modulated thereon:



35 anplitude nodul ated thereon: 3 |F means for receiving said i nput
signal and for converting said input si g;i_nz;#C into an | F signal conprised of
5 a gecond carrier signal having a freque y different fromsaid first:
carrier signal and having said information signal anplitude rmdul at ed ~,

t her eon; and deno [ n .
denodul ating said F%séraq%al SrGIrc%)g\/jr";dﬁ‘fi éc? dﬁﬁ"ﬂ: ({j@ag'r S‘Jna corrprr si ng™—"
at | east a gonvesting @ariwlr drnmrtr Fianahdntgan #F alanak aomprdsed ofid I F
means fust hgr sleedﬂaie%rﬁ@zer plmnwrﬁéﬁeﬂeqmﬁf&emcmnp'

Zgggelm ﬁgdand Jfor %r di n% a refer nce $d§a\ar@]h%valir% 1{regagncijl sai nar?l.hase |
t_rans: at Lﬁga???mrm nrdznﬂlatetu ﬂmredma‘ amdice signal and said input
rs)lhggg rel at ed top%%%ﬁéﬁ% SI gna %sﬁ{ir’%s%ﬂt%g[ %%g'c%ﬁerence
si gnal , whi dor demadniating saidikF iskonakite rovigea denpdsdrai:ed

denodul afy 0 Ge%r]s r R
r espondra'?r,g, el t Jﬂ%ﬂ%ﬁ&%ﬁ@%ﬂ@%ﬁrﬁdﬁﬁg‘g gnal l;-{/ﬁfor ovi di ng
i&“@h‘l

sai d controP to said reference signal neans, which control signal
varies as a tangein fixprovanerit athdxeii: a part- of said denodul ated signal .

lmre]t ﬁggog?axenwa;{ %ﬁ(ﬁo%ﬁé)qé%eﬁl hﬁlé]rﬁ/éaég ion 30 there is provided a
reference signal means for receiving a control signal
15 and for providing a reference signal having a frequency and
phase determined at least in part by said control signal; L_J
and o . |

frequency translation means for receiving said
reference signal and said input signal, and for providing a

20 resultant signal having a frequency and phase related to
said first carrier signal as translated by said reference
signal, which resultant signal comprises said IF signal; and

'said demodulation means further includes tangent

processing means for responding, at least in part, to said

25 demodulated signal by providing said control signal to said
reference signal means, which control signal varies as a
tangent—function of at least a part of said demodulated
signal. \
_ In accordance with a second aspect of the invention o/

30 there is provided a method of maintaining an IF frequency in
a radio receiver, the method comprising the steps of:

A) receiving an input signal comprising a first
carrier signal having an information signal amplitude
modulated thereon; |

35 . B) providing a reference signal having a frequency
and phase determined at least in part by a control signal;



a radi o receiver, the method conprising the steps of: A recei ving an

i nput signal conprising a first carrier. S|gnal .having an information signal
anplltude rodul at ed t hereon; 35 B~ pTOV|d|ng a reference signal_
haV|ngaa frequency and phase deternlned at least in part by a control
signal; -4- O equ and p fransjatin aid inpyt,sigpal,as
function of said ref ienc rg ﬁ%?yaﬁﬂapPgﬁ?ﬁl#ﬁaﬂﬁg?éiﬁgs§3gglipﬁg£e§p%ﬂ§
thereto, said a§3aigunttbenngfcsmpdiseﬂenénaesstgndlcandiprovigmng anvirg a
frequency ff r g S n '

si gnal anpﬂ?td%iéﬁg% % ﬁ%é%déﬁeﬁfﬁé Eafg ?gtlﬁgﬁgalgégfb 88ﬁ§?3%§8
thereby provi defad &ecveéseaar%artSésnehlbav%BGrnatrequengmadifﬁyrent from

provi ding sai dggpat £pts€i §8pLiéP Qfé‘ﬁél?lwiﬁhdsiiéwﬁféi‘m&ﬁﬂoﬁhaignﬂi sai d
ction of at |east a part of sal

reference signal a a_.tan
i nf or mati on S|§FEQ tude 8ﬁ%ia£%$dt§%E%ﬂB'carrler signal has a frequency
and aver age 15 phasegj hat depodulatingssaildi 2F| gignatt ot therebyl prbeide at

appreciate e_r v I o] L i ncom ng carrier

signal as ﬂ%%ﬁ? ?uﬁ%ﬁ# ﬁE %ﬁ??efégﬂ%ﬁ?gggﬁué#§h bviding a stable IF
frequency regardlesstf tpeomidgngasaidpqontrghas a}utacgonteoXheaddor e,
the IF signal SSO at egy?ﬁégéeé dséf?.”f&faréﬁée'Ei?ﬁ&ﬂeaﬁh&réﬁh& glics

W th S|gn|f|cant rove per ornancg En Cri &lon of the
Drawi ngs 25 OnEuB@H GPn@ﬁtanl?%%tp?eE%ﬁF phvEALdo ﬁPFFaF gnpeignal, such

that said second carrier signal has a frequency and average

P 15 phase that remains substantially constant.

\/ It will be appreciated that the receiver can lock to
the original incoming carrier signal as a tangent function,
while simultaneously providing a stable IF frequency
regardless of the original input signal frequency.

20 Therefore, the IF signal can be exactly centered to match
the IF stage characteristics with significant associated
improved performance.

Brief Descript e Drawings
25 |
One embodiment of the present invention will now be
described by way of example only, with reference to the
(w/ accompanying drawings in whichs:
Fig. 1 comprises a block diagram view of the
30 embodiment; and
Fig. 2 comprises a more detailed block diagram view of
the embodiment.

35



"described by way of exanple only, with reference to the acconpanyi ng

drawi ngs in which: Fig. 1 conprises a block diagramview of the 30

enbodi nent; and Fig. 2 conprises a nore-dé& ai | ed bl ock di agram vj ew,of :t he
enbodi nent. 35 -5- Best Mdde for Carrving Qut the Invention 5 ks

Referring now to Fig. 1, the device can be seen as generally depicted by~,

the nuneral 10. The dBesteMou® fon Carayindg Our the Inventiion t hat
receives an input signal at an |nput (11) (for purposes of this

description, the [nput n mnll be pres d o be an AM stereo nodul at ed
10 signdl of the I‘%_ )'(\L/JﬁrEﬁ'élt ice; qan: be SRl @4 an

(L-R/( 1+L+B)anebaa.aypﬂepd.tﬂeﬁ lhySI‘tIlm imvngeral i100 OfThe searize s(ip)al, R

conprises ri or, The
Compr i o= ¢ LiRkaRe B W FAdh YRl VN Vo B i HEeg,
: Eﬂg ][31; ﬁqr((alnat argﬂnp\@g)l]ﬂr drﬁctllhems(ﬂ%)oii d:l;&saldtmilptigrgnaihq 14) of
denodul at es S| 1 art as unctlon at1 ng

i %ﬁ a1 911 ﬁ‘@éunﬁﬁ'%l ' e w@w@q
i gnal | £04) sGOALIGE Hhen S @.ﬁéﬁﬁggq (VRtH0 0 Vhers O thas ithe) forn
denodul at ed airef ¢aRRTAR)Y (ARIHR)() T idtnfprises et (Sifle AEdrmR¥idh )of

mhese dsmoal el o Qials oo (e b g Schanea L Gt A B

out put si gnebmpa:iswltlﬁi.caaﬁrier signai)a.ddl tion, a tangent processing unit

(TPY) (22) The input signal is received and processed by the FTU
15 (12) as a function of the reference signal (26) from the RSU .

' (13) to yield an IF signal (14) of the form \‘)
(1+L+R)cos(wit+0). A signal demodulation unit (SDU) (16)
demodulates this IF signal (14), in part as a function of a.
demodulating signal (24) provided by a reference oscillator

20 (17), to yielad demodulated information signals (in this

'case,'L+R (18) and L-R (19)). These demodulated signals can
then be processed through a matrix (21) in accordance with
well understood prior art technique to yield the L and R
output signals as desired. '

25 In addition, a tangent processing unit (TPU) (22)
processes at least a part of the demodulated signals (in
this case, a signal related to L-R) and uses this signal to
develop a control signal (23) for the RSU (13). This \"
control signal will vary at least in part as an average of

30 the tangent fungction of the phase as multiplied by the

' envelope of the IF signal (14) as compared to the
demodulating signal (24). 'As a result, the phase difference
between the input signal and the reference signal (26)

35



processes at |least a part of the denodul ated signals (in this case, a
signal -related to.L-R) and uses this signal, to. develop a control signal

(23) fdr the RSU (13). This control signal=wIt vary at least in part as an
average of 30 the tangent function of the phase as multiplied by the

e e Tosul't, | (R iR Bt A S HOEIRY i RiARS of
][reL elrJ ggge Si grt&ie g@éﬁiocﬂﬂ.atin@-s:w’ﬂd]_. b2 £ betam il Inefepaicd oddillator
osciql | at )c/)r ?:j» @?@)' ﬁ%’%@@%% %%fée #éﬁﬁ%ﬁé&%eﬁéﬁfﬁﬁi Y
i nput  si ?nalki fimprieredgnah dE xequency mand idviie w?um?nz@aslne oktrining of
e devi ce. ( 10PN TIEELEY & aribdne- 1okingP P (020 canded. cabagtipor.
tuning structure (3BeFeREIRG ROV +0 By« r%-m%td%#ﬁfﬂa?g‘? e %‘?33%
SOt [ s i win e petaany e T (1)L
AGE sect1 P (30 e sEandat vatada $adaofon winldd tidedtd B U2
(37) that itsefincebmsdso treceive #helcinput signal grdhich osignal Pasges)
STgnal. The | FUaSeR shECLEEEE (2 BE £ %@%??*%ﬁaﬁf%ge"n%‘i 12)
vol tage controlnetudesaa Bixer /266 (Awepmptic grinEemrel) ded3h, radkefBnce
iS'ngE?' si(é% tg%ﬁeeﬂ (94) (284 4RrIPSgaby AGe Séseion3p3s) D tBots| R6Engnite

i Y15 (33 and 36) respond to an AGC drive (37) that itself
— responds to the I+R demc?dulated signal from the SDU (16) to
' control the gain of the AGCs (33 and 36) as a function of
the I+R signal.
The IF stage (32) also includes the RSU (13), which

20 may be a voltage controlled local oscillator (VCLO). The

VCLO provides a reference signal (26) to the mixer (33] for
use by the mixer (33) in translating the input signal and
thereby creating a resultant signal having a frequency and
phase related to the input signal as translated by the.

25 reference signal (26).

The IF signal (14) output passes to the SDU (16),
which includes a limiter (38) and an envelope

\_/ detector/fiiter (39) to demodulate the IF signal ( 145 and

yield a first demodulated signal (18) comprising the I+R
30 component, all in accordance with well understood prior art
technique. The IF signal (14) also passes to the TPU (22),
which includes an analog divider (41) that divides the IF
slignal ((1+1+4R) cos (wit+0) where wit comprises the IF
carrier) by cos0. The resultant signal (41) passes to a Q
35



‘thereby creating a resultant signal having a frequency and phase related to
the input signal as translated by the. 25 reference signal (26). The IF
signal (14) output passes to the SDU (16)7 which includes a limuiter.(38)
and an envel ope detector/filter (39) to denodul ate the IF signal (14) apd
yield a first denmodul ated signal (18) conprising the L+R 30 conponent, &
in accorckuﬁﬁ#Qﬁt¢rﬁ@41tGMdég%!oodTbﬁlGrdat9°te§ﬁﬁihﬁer 142) | FoBpEAEes( 14)

al so passesg t%ﬁm déhbdZlatophtrati ﬂligéaﬁhiéeamﬂbOéeéri!éde&t( 4%) that

carr on )8 nylesresd e etd dekPSSpokifa  sioBpS ke £oTrppdiob Sigha

detector/f|ptawidd&)fofhﬁhixdpurposeéfahdeth@ﬁzyiebdpraaeeugpgatEélated
dempdul at ofed Nele 've ere@&&%gds&re&a thegfling dEghaEStAAE 2801400 ces

wi th respec to a e silgn rovid urpose, and t
yields an diﬂ%ﬁxat%ﬁﬂtéﬂtt% gﬁ!eveEPBFnﬁuéﬁtFﬁyebfwi FnEBﬁFﬁ§n§anal t hat

is in quadrﬂ?ﬁﬂ (ﬁi—oaiaeaefoﬁoﬂaat ‘prpose) Mhhtnise&ewaa thenal
prOV|ded fo

h d
i 11 2et0 o Setmaror/EhPESH, i) BELTTERE, &, BioDAY) 5&2%2%%#‘@%&%&5&2’
si gnal (desgenérattor! (48) nasvsuchecaarkferenpeosignad {dgseribed: belowr m
(1fL+R)S'n( ‘mbPd &%ﬁggi |¢B+ﬁ%og§de a fign&} of the form cos (O
e (I+ sl

whi ch can ermnse rese n(arc tan (L R /(I +L+R) 20
cos(arc tan (L-R/ (1+L+R) The above, of course, constitutes a tangent -
function - (1+I+R)sin(arc tan (L=R)/(1+I+R)

18 : cos(0) o

| A\
which can otherwise be represented as:
+ sin(ar (L~ +
20 - cos(arc tan (L-R/(1+L+R) .

The above, of course, constitutes a tangent function
(sine divided by cosine) that essentially reduces to L-R and
. comprises the second demodulated signal (19). A signal (44)

25 at least related to this L-R component can be provided to a
loop driver (46) which comprises a filter that at least
partially integrates the incoming signal and which provides
a current proportional to the L-R term. This current \U
comprises the control signal (23) that controls the

30 frequency and phase of the RSU (13).

' A reference oscillator (17) provides a demodulating
'signal (24) having a predetermined stable frequency (in this ’
example, 3.6 MHz), which signal is provided to the

35



(sine divided by cosine) that essentially reduces to L-R and conprises the
second-denodul ated signal (19). A signal (44) 25 at least related to this
L- R corponent :can be provided to a | oop driver=(46) which conprises a
filter that at least partially integrates the incom ng signal and which
-~prov¥t des a current proportional to the L-Rterm This current conprises
the control signhafirature: generakerol(43)he Ther guadratyrangeppudtoss (4 RSU

having . pr edersy orogycatkBighaL R24) d?""“"’-‘?ﬁ-ea"“*‘*”%“gf%“%“*‘:gz“%ﬂ h
. requ in.this exanple
si gnal isjp§ov£9§ﬁ f¥arR e35§50 ﬁgg qﬁéﬂrEfﬁyédﬁﬁnng?BPtPﬂ§f.g+t g °
?uadrature(genthergonc43thdi!iﬁgt bhtgutignnpr@?é; then450 KHdesigndl
requency (in e t

thereon. The ' HHtHoRE ARY piagé”Bnfetr 0CqRRRKEET  ahit° LAl BbSHESREput
shifts (0 degreemprisest fbesd50nHHEuSpgNadoWpEnsasPrAdesumipedsPRAGR wit h
a predet erm neghphpasgodhiablreds) degraash atkectodpeettar’ (b} clesdZibed

o I ot a3, LS, 4VL3,SHEAb. B Feb PO fee o8 Levirgp
ggtg;fgpn?zggoe?ﬁgarnesdgrh&.nixig (33), tﬂe anal og divider (41), tre Q
tangent | ock io ther3§§°§33§§&9ﬁé %8%3 ggbnﬁggggglgrgéé}ﬁgaﬁ?% g?nlgsgnfo
the | oop driveintesronnessignsobetiveens the miper| (33) gnkher pagdedc diNddswes
! gz keg Wi th regrast, thel Be detketoCq423Gi ‘tha! 2bobl dridernqulyl,i aadsitaeaRsu
( ,-.-) requggcy,( 1§l)chatug%t. ge 1%%% %%e tangent lock to thereby cause the
long term average of the L-R term from the loop driver (46)
to be zero. 1In effect, the IF signal fregquency becomes
locked with respect to the reference oscillator (17)
demodulating signal (24) frequency, such that the average
.20 phase difference between the input signal and the reference
signal (26) is substantially equal to the frequency and
phase of the demodulating signal (24). By appropriate
selection of the IF stage (32) components, a stable IF
frequency and phase of, for instance, 450 KHz and 0 degrees,
.25 can be maintained. The VCLO will thereafter adjust its
frequency and phase to cause this lock through the IF stage
(32) with respect to the reference oscillator (17) to accur.
L/f Other components are depicted as well, including an I
detector (47) and a pilot tone detector (48). The presence
30 and function of these components is well understood, and
additional information regarding such components can be
found, for example, in U.S. Patent No.'s 4,377,728 and
4,489,431.

-~/
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20 phase difference between the input signal and the reference si‘gnal (26)

is substantially equal to the frequency and phase of the denpdul ating

signal (24). By appropriate selection efgthe IF stage (32) conponent:s; a
stabl'e I F frequency and phase of, for instance, 450 KHz and O degrees, ‘2§

can be naintained. The VCLO wi |l thereafter adj ust its frequency and phase, ...
to cause this Iook numbeyhof hadvantagegs tesplnnthrpugpethLSO the ref erence
oscillator £dd. #frgeggﬁ C?@eavggagogﬁgtioggecgegtgﬁgg i ncl udi ng

an | detector an pil ot tone dete ence 30 and
functlcwﬁcﬁsQPE§% tenpandndistertiern EHEErEPBoHeSHAH HBGPtFGﬁBﬂaFﬁfornatlon

regardi ng spide mtsoepa -aeef asad, wien leﬁgnéechaﬁnHlSmoE&n&I&ticNO

4,377,728
Chie conti ghatiBEs 41 seuRnetriEalopbegs SeRrabiéR AR bRRMAY, 1Y, e
di stortion ¢&mtiennthatubanmbrﬁsetindstdndanéebroaaedstsopsFartha:edby|th

S ngle changely 1R bAth OPnbholRing s 33HAT ! BbCGerBlaSEnd°Yi BigRat "

respect tO rrer can arl ard roadcasts
| ocki ni@ntthe hentirensygtenghacones lecked incthe sepkar ofothgeIFntire

system becqvféhlfégeﬁtiﬂgtbﬂpﬁeotaﬁénef ihhpetPovhaficeesul ting inprovement in
performance. 15 20 25 30 35
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-10- Cains " " Cc L MS *5 1 In a radio receiver having:
i nput neans for receiving an input signal conprised of a first carrier

si gnal hawing.an information signal anpl it yde=-nodul at ed thereon; [F neans
for r eiving said input signal and for 10 converti ng”m . I
into | F signal conprised of a second carrier signal mljmm"mﬁmcy

diffgrent fromsaid first carrier signal CiadmBaving saill infdrmdti &n %i gnal
anplitude nodul ated thereon; and denodul ati on nmeans for receiving said IF
si-gnal and 15 for denDduIatlng said IF signal to provide a denodul at ed
signal condriding aln| 8atadiopzecedverahavingsr mation signal : an

| nprovement wher ei NingakdmbEnEC20E Eébbh@&nqnahudﬁﬁutZQi nal compttseacer

si gnal - means for rece|V|n ntr naI d f
Si gnal havi ngRatAFES.EAEY L8RISIAHEY HAVIPH: ADd LBfOFBRELoRSSAPALDy oo d

contr ol Slgnahm &duﬁéeﬁbanlitbaanhbtbbnn means for recei ving said 25

ref erence signa d I di

flgna: Paélgg anLLigiéi??ZEESEEh%i%gigﬁgggg:ggr Pgﬁlgiggagaégﬁg?igptnag as
ransl at edlobyce: [ npudl sighadhinkournaAF signal eemprises Qaid
| F signal; and &g FQ ndC ERMH &lQagasﬁnaa§qhbharfta&huﬁey gafeerentOfrom

pr ocessi ng neans

t
si gnal by proﬁﬁéﬂn§i§é%3%33ﬁﬁﬁa sgﬂ@ﬁias géggnﬁéﬁéagngﬁgg n§g°ﬂeﬁﬁ§nal
whi ch control agpdidhdémodulated thereon; and

demodulation means for receiving'said IF signal and

15 for demodulating said IF signal to provide a demodulated
signal comprising at least a part of said information
signal;

an improvement wherein:
.said IF means further includes:

20 reference signal means for receiving a control signal
and for providing a reference signal having a frequency and
phase determined at least in part by said control signal;
and

U

frequency translation means for receiving said
25 reference signal and said ihput signal, and for providing a
- resultant signal having a frequency and phase related to
. said first carrier signal as translated by said reference
/. _ signal, which resultant signal comprises said IF signal; and
said demodulation means further includes tangent
30 processing means for respondlng, at least in part, to said
demodulated signal by providing said control signal to said
reference signal means, which control signal varies as a
tangent function of at least a part of said demodulated
signal. | '
35



angent function'of at Teast a part-of said denodul ated signal. 35 -11-

mn o receiver according to claim1l wherein
sai d 'dem)dul at i on , m“" wnml udes Xleference oscillator 5 means*foy ¢
providing a denpdul ating sk gre suse by sai d denodul ati on neans for =~ ff
denodul ating said | F signal, and wherein said tangent process;ﬁ; means®

R

provi des saikd confihe rﬁ%lreﬁﬁi&’@arﬂﬁﬂﬂr@mtﬁ%ﬁlﬁnbdt wherelinsidl| at ed
Lo otai m G ts"*‘ﬂ"@’“‘S e e e L ot
ssin i.des s contro
signal t& c Reans, for, HTRY: %gﬁﬂgﬁﬁ%%qs; 4/ iR (8L or
si gnal apd Teind d’lﬂfﬁmméﬂﬁleﬂoﬁ dmoduldat g Hanid i T |$’i§ﬁﬁiﬁ) amdt he
average freguen an j
fecer ver ncotianal dr i Fehoknt HfodsHipEg Hddith Pitiflaed sata Aontisl 0.
conprises a sdcg‘rtaigeaé?(h dangent «fhnekidn ot iboth mald. demodulmtqbobixj‘nal

mai nt ai ni ng I i 4 @% ecei ver, the method conprising the
st eps of: A)aq{raecel ving an | npafr?%l ]E:orrprl sing a first 25 carrier signal

having a® i nformation signal anpli tude nodul at ed thereon; B) providing a
reference signal fa%r&cﬂé rﬁ&m%ﬁm%%mmm a&:lsaanefemart

by a cont ro'sasij.cng ngexzt f;;z?o Sess néi r}:(ljeé) hsa Sfrévrffessl asta' csgxla ofpui Enal
to cause an average phase difference between said first
carrier signal and said referénce signal that is
15 substantially equal to the average frequency and phase of -
said demodulating signal. \/

4, The radio receiver according to claim 1, 2 or 3
wherein said reference signal means. comprises a voltage
20 controlled local oscillator.

5. A method of maintaining an IF frequency in a radio
receiver, the method comprising the steps of:
A) receiving an input signal comprising a first
25 carrier signal having an information signal amplitude
modulated thereon: '
B) providing a reference signal having a frequency and
phase determined at least in part by a control signal;
C) f:equenc& and phase translating said input signal
30 as a function gf said reference signal and providing an IF
signal in response thereto, said IF signal being comprised
of a second carrier signal having a frequency different from
said first carrier signal with said information signal
amplitude modulated thereon;
35



3b as a function df'séid reference signal and providing an IF signal in
response thereto,.said IF signal being conprised of a second carrier signal
hawr\q.afrequency different fromsaid first carr|er I I“l (m

i nformati on signal anplitude nodul ated ther eog nm “Im ”ﬂll" |

L M S * E) denodulating said | F signal f Fhereby provi de 4t Peast a
part of said information signal; 5 F) providing said control si gna
to control said frequgn a ce &1langent
function of at_|east%§_§§?@@§%g2§§§ gg%%r%gtgo égf”ﬁuﬂéié¥gﬁ¥ Vldg g%
second carrier diegsd ahRers Pﬁeqaedcynﬁmmm@nxnﬁmﬁ;qﬂadse t hat remains
substantial | g const an. ﬁ%v@dlngAsgﬁthQnerofBéﬂF@df“ﬁw Hheldonf saguency in

a radi o receiver substantlall at a first value 1 i nput _si gnal s of
different fr equéﬁ?&%‘?ncﬂhénﬁei’ﬁéaec‘aﬁpﬂ%ﬁl nmekgrenae figgal AP pntangeRbr,

receiving: 15 functlam oEpEt aeaaal aoﬁaiﬁleof fdlid (irforMatdon é\t@ha@) gﬁeme
L and R conpris% %g tlog si,gnal s; i néq)hses first carri.er Lgna

and O conprises h 5F ?ﬁg FSFﬁf‘eEOS g %src?tgﬁq("fnﬁ)v/ f‘PQLiﬁ?r %ﬁd
a reference sigyphaseBﬁham gemdinsxenbshanvially conshanput | F signal based
upon said ipput signal and said reference signal, wherein said IF signal
conprises said input signal as translated in 25 frequency and phase by an
anmount rel ated t& sai® Methwd ffemaintaining an IF frequericy in a radio

receiver substantially at a first value for input signals of

different frequencies, the method comprising the steps of:
U A) in a mixer, receiving:
15 an input signal of the form:

{1+L+R) cos (wct+0)

where L and R comprise information signals;

wct comprises a first carrier signal; and

0 comprises a signal of the form:

20 arc tan (L-R)/(1l+L+R); and

a reference signal;

B) in said mixer, providing an output IF signal based
upon said input signal and said reference signal, wherein
said IF signal eomprises said input signal as translated in

25 frequency and phase by an amount related to said reference
signal, and wherein said IF signal is ef the form:
Y (1+L+R) cos (wit+0) ;
| where wit comprises a second carrier signal;
C) dividing said IF signal by cos0 to obtain a resultant
30 signal of the form:
(1+L+R)cos£(wit+0)/cos0;



signal, and wherein said IF signal is of the form (1+L+R) cos (W t+0);

where wit conprises a second—cattier signal; C dividing said |IF signal by

co%o to obtain i gnal of the form (1+L+R) cost (wi-t +O) / cQs @,
* {C L N”llllﬁﬂﬂuﬂﬂmn&ﬂprocessi ng said resultant signal in a Q.
detector to obtalne s stantially qof the formL-R and using said -
5 L-R signal to provide a control signal “using said control signal to
control frequency and phase for said reference signal; such that said IF

signal frequency w,l | i u nt.ial he first -value for input
signal s of.diffengﬂtI’f%qugﬁgﬁéggggokéguiyﬁﬁé %&ﬁ?ﬁ%ﬂ%ﬂ %1 iqﬁq§°F8FtE8r
i ncl udi ng a $OE3ip] ac§ipnpdi sybstantiallnl ¢ the Kprat ilmdk saidd usiiggakaid

substantigl | ¢.-® slik@aflord) prBvigePso¥bierspi shgtrol signal. 15 8. A
radi o receiver sugﬁtantial éi%? her ei nbefore_ described with reference to

the acconpanying dPadSigsd cantEPhoBLIRAL bR rRQRLH frequencyegndncy i n
a radi o receipharses fost 3atidakkfesenber eigiel Orsudiesuadtbed v e 39ghgier ence
to the accon&%@ﬂd@gcgr%@h&ggemain substantially at the first value for

input signals of different frequencies.

10 . _

7. The method of claim 6 further including a step D1

comprising substantially integrating said signal

substantially of thé form L~R to provide said control signal.

15 8. ‘A radio receiver substantially as hereinbefore described
with reference to the accompanying drawings.

9. A method for maintaining an IF frequency in a radio
receiver substantially as hereinbefore described with
20 reference to the accompanying drawings.




